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(57) ABSTRACT 

An apparatus and method are provided for communicating 
With a plurality of physical memory circuits. In use, at least 
one virtual memory circuit is simulated Where at least one 
aspect (e.g. power-related aspect, etc.) of such virtual 
memory circuit(s) is different from at least one aspect of at 
least one of the physical memory circuits. Further, in various 
embodiments, such simulation may be carried out by a 
system (or component thereoi), an interface circuit, etc. 
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APPARATUS AND METHOD FOR POWER 
MANAGEMENT OF MEMORY CIRCUITS BY 
A SYSTEM OR COMPONENT THEREOF 

RELATED APPLICATION(S) 

[0001] The present application is a continuation-in-part of 
an application entitled “SYSTEM AND METHOD FOR 
POWER MANAGEMENT IN MEMORY SYSTEMS 
AND” and ?led Sep. 20, 2006 under attorney docket number 
MRMlP0l0_SMlTH00l9U Which, in turn, is a continua 
tion-in-part of an application ?led Jul. 31, 2006 under 
application Ser. No. 11/461,439, Which are each incorpo 
rated herein by reference for all purposes. However, insofar 
as any de?nitions, information used for claim interpretation, 
etc. from the above parent applications con?ict With that set 
forth herein, such de?nitions, information, etc. in the present 
application should apply. 

FIELD OF THE INVENTION 

[0002] The present invention relates to memory, and more 
particularly to poWer management in memory systems that 
contain multiple memory circuits. 

BACKGROUND 

[0003] The memory capacity requirements of various sys 
tems are increasing rapidly. HoWever, other industry trends 
such as higher memory bus speeds and small form factor 
machines, etc. are reducing the number of memory module 
slots in such systems. Thus, a need exists in the industry for 
larger capacity memory circuits to be used in such systems. 
[0004] HoWever, there is also a limit to the poWer that may 
be dissipated per unit volume in the space available to the 
memory circuits. As a result, large capacity memory mod 
ules may be limited in terms of poWer that the memory 
modules may dissipate, and/ or limited in terms of the ability 
of poWer supply systems to deliver su?icient poWer to such 
memory modules. There is thus a need for overcoming these 
limitations and/or other problems associated With the prior 
art. 

SUMMARY 

[0005] An apparatus and method are provided for com 
municating With a plurality of physical memory circuits. In 
use, at least one virtual memory circuit is simulated Where 
at least one aspect (e.g. poWer-related aspect, etc.) of such 
virtual memory circuit(s) is different from at least one aspect 
of at least one of the physical memory circuits. Further, in 
various embodiments, such simulation may be carried out by 
a system (or component thereof), an interface circuit, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 illustrates a multiple memory circuit frame 
Work, in accordance With one embodiment. 

[0007] FIG. 2 shoWs an exemplary embodiment of an 
interface circuit including a register and a buffer that is 
operable to interface memory circuits and a system. 
[0008] FIG. 3 shoWs an alternative exemplary embodi 
ment of an interface circuit including a register and a buffer 
that is operable to interface memory circuits and a system. 
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[0009] FIG. 4 shoWs an exemplary embodiment of an 
interface circuit including an advanced memory buffer 
(AMB) and a buffer that is operable to interface memory 
circuits and a system. 
[0010] FIG. 5 shoWs an exemplary embodiment of an 
interface circuit including an AMB, a register, and a buffer 
that is operable to interface memory circuits and a system. 
[0011] FIG. 6 shoWs an alternative exemplary embodi 
ment of an interface circuit including an AMB and a buffer 
that is operable to interface memory circuits and a system. 
[0012] FIG. 7 shoWs an exemplary embodiment of a 
plurality of physical memory circuits that are mapped by a 
system, and optionally an interface circuit, to appear as a 
virtual memory circuit With one aspect that is different from 
that of the physical memory circuits. 

DETAILED DESCRIPTION 

[0013] FIG. 1 illustrates a multiple memory circuit frame 
Work 100, in accordance With one embodiment. As shoWn, 
included are an interface circuit 102, a plurality of memory 
circuits 104A, 104B, 104N, and a system 106. In the context 
of the present description, such memory circuits 104A, 
104B, 104N may include any circuit capable of serving as 
memory. 
[0014] For example, in various embodiments, at least one 
of the memory circuits 104A, 104B, 104N 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 
104A, 104B, 104N may take the form of a dynamic random 
access memory (DRAM) circuit. Such DRAM may take any 
form including, but not limited to, synchronous DRAM 
(SDRAM), double data rate synchronous DRAM (DDR 
SDRAM, DDR2 SDRAM, DDR3 SDRAM, etc.), graphics 
double data rate synchronous DRAM (GDDR SDRAM, 
GDDR2 SDRAM, GDDR3 SDRAM, etc.), quad data rate 
DRAM (QDR DRAM), RAMBUS XDR DRAM (SDR 
DRAM), fast page mode DRAM (FPM DRAM), video 
DRAM (V DRAM), extended data out DRAM (EDO 
DRAM), burst EDO RAM (BEDO DRAM), multibank 
DRAM (MDRAM), synchronous graphics RAM (SGRAM), 
and/or any other type of DRAM. 
[0015] In another embodiment, at least one of the memory 
circuits 104A, 104B, 104N may include magnetic random 
access memory (MRAM), intelligent random access 
memory (IRAM), distributed netWork architecture (DNA) 
memory, WindoW random access memory (WRAM), ?ash 
memory (e.g. NAND, NOR, etc.), pseudostatic random 
access memory (PSRAM), LoW-PoWer Synchronous 
Dynamic Random Access Memory (LP-SDRAM), Polymer 
Ferroelectric RAM (PFRAM), OVONICS Uni?ed Memory 
(OUM) or other chalcogenide memory, Phase-change 
Memory (PCM), Phase-change Random Access Memory 
(PRAM), Ferrolectric RAM (FeRAM), REsistance RAM 
(R-RAM or RRAM), WetWare memory, memory based on 
semiconductor, atomic, molecular, optical, organic, biologi 
cal, chemical, or nanoscale technology, and/or any other 
type of volatile or nonvolatile, random or non-random 
access, serial or parallel access memory circuit. 
[0016] Strictly, as an option, the memory circuits 104A, 
104B, 104N may or may not be positioned on at least one 
dual in-line memory module (DIMM) (not shoWn). In vari 
ous embodiments, the DIMM may include a registered 
DIMM (R-DIMM), a small outline-DIMM (SO-DIMM), a 
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fully bu?fered DIMM (PB-DIMM), an unbuffered DIMM 
(UDIMM), single inline memory module (SIMM), a Mini 
DIMM, a very loW pro?le (VLP) R-DIMM, etc. In other 
embodiments, the memory circuits 104A, 104B, 104N may 
or may not be positioned on any type of material forming a 
substrate, card, module, sheet, fabric, board, carrier or other 
any other type of solid or ?exible entity, form, or object. Of 
course, in other embodiments, the memory circuits 104A, 
104B, 104N may or may not be positioned in or on any 
desired entity, form, or object for packaging purposes. Still 
yet, the memory circuits 104A, 104B, 104N may or may not 
be organiZed, either as a group (or as groups) collectively, or 
individually, onto one or more portions(s). In the context of 
the present description, the term portion(s) (eg of a memory 
circuit(s)) shall refer to any physical, logical or electrical 
arrangement(s), partition(s), subdivisions(s) (e.g. banks, 
sub-banks, ranks, sub-ranks, roWs, columns, pages, etc.), or 
any other portion(s), for that matter. 
[0017] Further, in the context of the present description, 
the system 106 may include any system capable of request 
ing and/or initiating a process that results in an access of the 
memory circuits 104A, 104B, 104N. As an option, the 
system 106 may accomplish this utiliZing a memory con 
troller (not shoWn), or any other desired mechanism. In one 
embodiment, such system 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 per 
sonal digital assistant (PDA), a mobile phone, a television, 
a computer peripheral (e.g. printer, etc.), a consumer elec 
tronics system, a communication system, and/or any other 
softWare and/ or hardWare, for that matter. 

[0018] The interface circuit 102 may, in the context of the 
present description, refer to any circuit capable of commu 
nicating (e.g. interfacing, buffering, etc.) With the memory 
circuits 104A, 104B, 104N and the system 106. For 
example, the interface circuit 102 may, in the context of 
different embodiments, include a circuit capable of directly 
(eg via Wire, bus, connector, and/or any other direct com 
munication medium, etc.) and/or indirectly (eg via Wire 
less, optical, capacitive, electric ?eld, magnetic ?eld, elec 
tromagnetic ?eld, and/or any other indirect communication 
medium, etc.) communicating With the memory circuits 
104A, 104B, 104N and the system 106. In additional dif 
ferent 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 inter 
mediate bus or busses, and/ or any other indirect connection, 
etc.). 
[0019] In additional optional embodiments, the interface 
circuit 102 may include one or more circuits, such as a buffer 
(e.g. bulfer chip, multiplexer/de-multiplexer chip, synchro 
nous multiplexer/de-multiplexer chip, etc.), register (e.g. 
register chip, data register chip, address/control register 
chip, etc.), advanced memory bulfer (AMB) (e.g. AMB chip, 
etc.), a component positioned on at least one DIMM, etc. 
[0020] In various embodiments and in the context of the 
present description, a buffer chip may be used to interface 
bidirectional data signals, and may or may not use a clock 
to re-time or re-synchroniZe signals in a Well knoWn manner. 
A bidirectional signal is a Well knoWn use of a single 
connection to transmit data in tWo directions. A data register 
chip may be a register chip that also interfaces bidirectional 
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data signals. A multiplexer/de-multiplexer chip is a Well 
knoWn circuit that may interface a ?rst number of bidirec 
tional signals to a second number of bidirectional signals. A 
synchronous multiplexer/de-multiplexer chip may addition 
ally use a clock to re-time or re-synchroniZe the ?rst or 
second number of signals. In the context of the present 
description, a register chip may be used to interface and 
optionally re-time or re-synchroniZe address and control 
signals. The term address/control register chip may be used 
to distinguish a register chip that only interfaces address and 
control signals from a data register chip, Which may also 
interface data signals. 

[0021] 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 registers, buffers, 
and/or any other interface circuit(s) 102 may be intelligent, 
that is, include logic that are capable of one or more 
functions such as gathering and/or storing information; 
inferring, predicting, and/or storing state and/or status; per 
forming logical decisions; and/or performing operations on 
input signals, etc. In still other embodiments, the interface 
circuit 102 may optionally be manufactured in monolithic 
form, packaged form, printed form, and/ or any other manu 
factured form of circuit, for that matter. 

[0022] In still yet another embodiment, a plurality of the 
aforementioned interface circuits 102 may serve, in combi 
nation, to interface the memory circuits 104A, 104B, 104N 
and the system 106. Thus, in various embodiments, one, 
tWo, three, four, or more interface circuits 102 may be 
utiliZed for such interfacing purposes. In addition, multiple 
interface circuits 102 may be relatively con?gured or con 
nected in any desired manner. For example, the interface 
circuits 102 may be con?gured or connected in parallel, 
serially, or in various combinations thereof. The multiple 
interface circuits 102 may use direct connections to each 
other, indirect connections to each other, or even a combi 
nation thereof. Furthermore, any number of the interface 
circuits 102 may be allocated to any number of the memory 
circuits 104A, 104B, 104N. In various other embodiments, 
each of the plurality of interface circuits 102 may be the 
same or different. Even still, the interface circuits 102 may 
share the same or similar interface tasks and/or perform 
different interface tasks. 

[0023] While the memory circuits 104A, 104B, 104N, 
interface circuit 102, 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 embodiments, such optional integration may 
involve simply packaging 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 102 (or portion(s) thereof) may be 
packaged With at least one of the memory circuits 104A, 
104B, 104N. Thus, a DRAM stack may or may not include 
at least one interface circuit (or portion(s) thereof). In other 
embodiments, different numbers of the interface circuit 102 
(or portions(s) thereof) may be packaged together. Such 
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different packaging arrangements, When employed, may 
optionally improve the utilization of a monolithic silicon 
implementation, for example. 
[0024] The interface circuit 102 may be capable of various 
functionality, in the context of different embodiments. For 
example, in one optional embodiment, the interface circuit 
102 may interface a plurality of signals 108 that are con 
nected betWeen the memory circuits 104A, 104B, 104N and 
the system 106. The signals 108 may, for example, include 
address signals, data signals, control signals, enable signals, 
clock signals, reset signals, or any other signal used to 
operate or associated With the memory circuits, system, or 
interface circuit(s), etc. In some optional embodiments, the 
signals may be those that: use a direct connection, use an 
indirect connection, use a dedicated connection, may be 
encoded across several connections, and/or may be other 
Wise encoded (e.g. time-multiplexed, etc.) across one or 
more connections. 

[0025] In one aspect of the present embodiment, the 
interfaced signals 108 may represent all of the signals that 
are connected betWeen the memory circuits 104A, 104B, 
104N and the system 106. In other aspects, at least a portion 
of signals 110 may use direct connections betWeen the 
memory circuits 104A, 104B, 104N and the system 106. The 
signals 110 may, for example, include address signals, data 
signals, control signals, enable signals, clock signals, reset 
signals, or any other signal used to operate or associated 
With the memory circuits, system, or interface circuit(s), etc. 
In some optional embodiments, the signals may be those 
that: use a direct connection, use an indirect connection, use 
a dedicated connection, may be encoded across several 
connections, and/or may be otherWise encoded (e.g. time 
multiplexed, etc.) across one or more connections. More 
over, the number of interfaced signals 108 (e. g. vs. a number 
of the signals that use direct connections 110, etc.) may vary 
such that the interfaced signals 108 may include at least a 
majority of the total number of signal connections betWeen 
the memory circuits 104A, 104B, 104N and the systems 106 
(eg L>M, With L and M as shoWn in FIG. 1). In other 
embodiments, L may be less than or equal to M. In still other 
embodiments L and/ or M may be Zero. 

[0026] In yet another embodiment, the interface circuit 
102 and/or any component of the system 106 may or may 
not be operable to communicate With the memory circuits 
104A, 104B, 104N for simulating at least one memory 
circuit. The memory circuits 104A, 104B, 104N shall here 
after be referred to, Where appropriate for clari?cation 
purposes, as the “physical” memory circuits or memory 
circuits, but are not limited to be so. Just by Way of example, 
the physical memory circuits may include a single physical 
memory circuit. Further, the at least one simulated memory 
circuit shall hereafter be referred to, Where appropriate for 
clari?cation purposes, as the at least one “virtual” memory 
circuit. In a similar fashion any property or aspect of such a 
physical memory circuit shall be referred to, Where appro 
priate for clari?cation purposes, as a physical aspect (e.g. 
physical bank, physical portion, physical timing parameter, 
etc.). Further, any property or aspect of such a virtual 
memory circuit shall be referred to, Where appropriate for 
clari?cation purposes, as a virtual aspect (e.g. virtual bank, 
virtual portion, virtual timing parameter, etc.). 
[0027] In the context of the present description, the term 
simulate or simulation may refer to any simulating, emulat 
ing, transforming, disguising modifying, changing, altering, 
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shaping, converting, etc., of at least one aspect of the 
memory circuits. In different embodiments, such aspect may 
include, for example, a number, a signal, a capacity, a 
portion (e.g. bank, partition, etc.), an organiZation (e. g. bank 
organization, etc.), a mapping (e.g. address mapping, etc.), 
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. Still yet, in various embodiments, any 
of the previous aspects or any other aspect, for that matter, 
may be poWer-related, meaning that such poWer-related 
aspect, at least in part, directly or indirectly affects poWer. 
[0028] 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 simulation, 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). 
[0029] In still additional exemplary embodiments, the 
aforementioned virtual aspect may be simulated (e.g. simu 
late a virtual aspect, the simulation of a virtual aspect, a 
simulated virtual aspect etc.). Further, in the context of the 
present description, the terms map, mapping, mapped, etc. 
refer to the link or connection from the physical aspects to 
the virtual aspects (e.g. map a physical aspect to a virtual 
aspect, mapping a physical aspect to a virtual aspect, a 
physical aspect mapped to a virtual aspect etc.). It should be 
noted that any use of such mapping or anything equivalent 
thereto is deemed to fall Within the scope of the previously 
de?ned simulate or simulation term. 

[0030] More illustrative information Will noW be set forth 
regarding optional functionality/ architecture of different 
embodiments Which may or may not be implemented in the 
context of FIG. 1, per the desires of the user. It should be 
strongly noted that the folloWing information is set forth for 
illustrative purposes and should not be construed as limiting 
in any manner. For example, any of the folloWing features 
may be optionally incorporated With or Without the other 
features described. 

[0031] FIG. 2 shoWs an exemplary embodiment of an 
interface circuit that is operable to interface memory circuits 
202A-D and a system 204. In this embodiment, the interface 
circuit includes a register 206 and a buffer 208. Address and 
control signals 220 from the system 204 are connected to the 
register 206, While data signals 230 from the system 204 are 
connected to the buffer 208. The register 206 drives address 
and control signals 240 to the memory circuits 202A-D and 
optionally drives address and control signals 250 to the 
buffer 208. Data signals 260 of the memory circuits 202A-D 
are connected to the buffer 208. 

[0032] FIG. 3 shoWs an exemplary embodiment of an 
interface circuit that is operable to interface memory circuits 
302A-D and a system 304. In this embodiment, the interface 
circuit includes a register 306 and a buffer 308. Address and 
control signals 320 from the system 304 are connected to the 
register 306, While data signals 330 from the system 304 are 
connected to the buffer 308. The register 306 drives address 
and control signals 340 to the buffer 308, and optionally 
drives control signals 350 to the memory circuits 302A-D. 
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The buffer 308 drives address and control signals 360. Data 
signals 370 of the memory circuits 304A-D are connected to 
the buffer 308. 
[0033] FIG. 4 shoWs an exemplary embodiment of an 
interface circuit that is operable to interface memory circuits 
402A-D and a system 404. In this embodiment, the interface 
circuit includes an advanced memory bulfer (AMB) 406 and 
a buffer 408. Address, control, and data signals 420 from the 
system 404 are connected to the AME 406. The AMB 406 
drives address and control signals 430 to the buffer 408 and 
optionally drives control signals 440 to the memory circuits 
402A-D. The buffer 408 drives address and control signals 
450. Data signals 460 of the memory circuits 402A-D are 
connected to the buffer 408. Data signals 470 of the buffer 
408 are connected to the AME 406. 

[0034] FIG. 5 shoWs an exemplary embodiment of an 
interface circuit that is operable to interface memory circuits 
502A-D and a system 504. In this embodiment, the interface 
circuit includes an AMB 506, a register 508, and a buffer 
510. Address, control, and data signals 520 from the system 
504 are connected to the AME 506. The AMB 506 drives 
address and control signals 530 to the register 508. The 
register, in turn, drives address and control signals 540 to the 
memory circuits 502A-D. It also optionally drives control 
signals 550 to the buffer 510. Data signals 560 from the 
memory circuits 502A-D are connected to the buffer 510. 
Data signals 570 of the buffer 510 are connected to the AME 
506. 

[0035] FIG. 6 shoWs an exemplary embodiment of an 
interface circuit that is operable to interface memory circuits 
602A-D and a system 604. In this embodiment, the interface 
circuit includes an AMB 606 and a buffer 608. Address, 
control, and data signals 620 from the system 604 are 
connected to the AME 606. The AMB 606 drives address 
and control signals 630 to the memory circuits 602A-D as 
Well as control signals 640 to the buffer 608. Data signals 
650 from the memory circuits 602A-D are connected to the 
buffer 608. Data signals 660 are connected betWeen the 
buffer 608 and the AME 606. 

[0036] In other embodiments, combinations of the above 
implementations shoWn in FIGS. 2-6 may be utiliZed. Just 
by Way of example, one or more registers (register chip, 
address/control register chip, data register chip, JEDEC 
register, etc.) may be utiliZed in conjunction With one or 
more buffers (e.g. bulfer chip, multiplexer/de-multiplexer 
chip, synchronous multiplexer/de-multiplexer chip and/or 
other intelligent interface circuits) With one or more AMBs 
(e.g. AMB chip, etc.). In other embodiments, these register 
(s), bu?fer(s), AMB(s) may be utiliZed alone and/or inte 
grated in groups and/or integrated With or Without the 
memory circuits. 

[0037] The electrical connections betWeen the bu?fer(s), 
the register(s), the AMB(s) and the memory circuits may be 
con?gured in any desired manner. In one optional embodi 
ment, address, control (eg command, etc.), and clock 
signals may be common to all memory circuits (eg using 
one common bus). As another option, there may be multiple 
address, control and clock busses. As yet another option, 
there may be individual address, control and clock busses to 
each memory circuit. Similarly, data signals may be Wired as 
one common bus, several busses or as an individual bus to 

each memory circuit. Of course, it should be noted that any 
combinations of such con?gurations may also be utiliZed. 
For example, the memory circuits may have one common 
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address, control and clock bus With individual data busses. 
In another example, memory circuits may have one, tWo (or 
more) address, control and clock busses along With one, tWo 
(or more) data busses. In still yet another example, the 
memory circuits may have one address, control and clock 
bus together With tWo data busses (eg the number of 
address, control, clock and data busses may be different, 
etc.). In addition, the memory circuits may have one com 
mon address, control and clock bus and one common data 
bus. It should be noted that any other permutations and 
combinations of such address, control, clock and data buses 
may be utiliZed. 

[0038] These con?gurations may therefore alloW for the 
host system to only be in contact With a load of the bu?fer(s), 
or register(s), or AMB(s) on the memory bus. In this Way, 
any electrical loading problems (eg bad signal integrity, 
improper signal timing, etc.) associated With the memory 
circuits may (but not necessarily) be prevented, in the 
context of various optional embodiments. 

[0039] Furthermore, there may be any number of memory 
circuits. Just by Way of example, the interface circuit(s) may 
be connected to l, 2, 4, 8 or more memory circuits. In 
alternate embodiments, to permit data integrity storage or 
for other reasons, the interface circuit(s) may be connected 
to an odd number of memory circuits. Additionally, the 
memory circuits may be arranged in a single stack. Of 
course, hoWever, the memory circuits may also be arranged 
in a plurality of stacks or in any other fashion. 

[0040] In various embodiments Where DRAM circuits are 
employed, such DRAM (e.g. DDR2 SDRAM) circuits may 
be composed of a plurality of portions (e.g. ranks, sub-ranks, 
banks, sub-banks, etc.) that may be capable of performing 
operations (e.g. precharge, active, read, Write, refresh, etc.) 
in parallel (e.g. simultaneously, concurrently, overlapping, 
etc.). The JEDEC standards and speci?cations describe hoW 
DRAM (e.g. DDR2 SDRAM) circuits are composed and 
perform operations in response to commands. Purely as an 
example, a 512 Mb DDR2 SDRAM circuit that meets 
JEDEC speci?cations may be composed of four portions 
(e.g. banks, etc.) (each ofWhich has 128 Mb ofcapacity) that 
are capable of performing operations in parallel in response 
to commands. As another example, a 2 Gb DDR2 SDRAM 
circuit that is compliant With JEDEC speci?cations may be 
composed of eight banks (each of Which has 256 Mb of 
capacity). A portion (e.g. bank, etc.) of the DRAM circuit is 
said to be in the active state after an activate command is 
issued to that portion. A portion (e.g. bank, etc.) of the 
DRAM circuit is said to be in the precharge state after a 
precharge command is issued to that portion. When at least 
one portion (e.g. bank, etc.) of the DRAM circuit is in the 
active state, the entire DRAM circuit is said to be in the 
active state. When all portions (e.g. banks, etc.) of the 
DRAM circuit are in precharge state, the entire DRAM 
circuit is said to be in the precharge state. A relative time 
period spent by the entire DRAM circuit in precharge state 
With respect to the time period spent by the entire DRAM 
circuit in active state during normal operation may be 
de?ned as the precharge-to-active ratio. 

[0041] DRAM circuits may also support a plurality of 
poWer management modes. Some of these modes may 
represent poWer saving modes. As an example, DDR2 
SDRAMs may support four poWer saving modes. In par 
ticular, tWo active poWer doWn modes, precharge poWer 
doWn mode, and self-refresh mode may be supported, in one 
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embodiment. A DRAM circuit may enter an active power 
down mode if the DRAM circuit is in the active state when 
it receives a power down command. A DRAM circuit may 
enter the precharge power down mode if the DRAM circuit 
is in the precharge state when it receives a power down 
command. A higher precharge-to-active ratio may increase 
the likelihood that a DRAM circuit may enter the precharge 
power down mode rather than an active power down mode 
when the DRAM circuit is the target of a power saving 
operation. In some types of DRAM circuits, the precharge 
power down mode and the self refresh mode may provide 
greater power savings that the active power down modes. 
[0042] In one embodiment, the system may be operable to 
perform a power management operation on at least one of 
the memory circuits, and optionally on the interface circuit, 
based on the state of the at least one memory circuit. Such 
a power management operation may include, among others, 
a power saving operation. In the context of the present 
description, the term power saving operation may refer to 
any operation that results in at least some power savings. 

[0043] In one such embodiment, the power saving opera 
tion may include applying a power saving command to one 
or more memory circuits, and optionally to the interface 
circuit, based on at least one state of one or more memory 

circuits. Such power saving command may include, for 
example, initiating a power down operation applied to one 
or more memory circuits, and optionally to the interface 
circuit. Further, such state may depend on identi?cation of 
the current, past or predictable future status of one or more 
memory circuits, a predetermined combination of com 
mands to the one or more memory circuits, a predetermined 
pattern of commands to the one or more memory circuits, a 
predetermined absence of commands to the one or more 

memory circuits, any command(s) to the one or more 
memory circuits, and/or any command(s) to one or more 
memory circuits other than the one or more memory circuits. 
Such commands may have occurred in the past, might be 
occurring in the present, or may be predicted to occur in the 
future. Future commands may be predicted since the system 
(eg memory controller, etc.) may be aware of future 
accesses to the memory circuits in advance of the execution 
of the commands by the memory circuits. In the context of 
the present description, such current, past, or predictable 
future status may refer to any property of the memory circuit 
that may be monitored, stored, and/or predicted. 
[0044] For example, the system may identify at least one 
of a plurality of memory circuits that may not be accessed 
for some period of time. Such status identi?cation may 
involve determining whether a portion(s) (e.g. bank(s), etc.) 
is being accessed in at least one of the plurality of memory 
circuits. Of course, any other technique may be used that 
results in the identi?cation of at least one of the memory 
circuits (or portion(s) thereof) that is not being accessed (eg 
in a non-accessed state, etc.). In other embodiments, other 
such states may be detected or identi?ed and used for power 
management. 
[0045] In response to the identi?cation of a memory 
circuit that is in a non-accessed state, a power saving 
operation may be initiated in association with the memory 
circuit (or portion(s) thereof) that is in the non-accessed 
state. In one optional embodiment, such power saving 
operation may involve a power down operation (e.g. entry 
into an active power down mode, entry into a precharge 
power down mode, etc.). As an option, such power saving 
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operation may be initiated utiliZing (eg in response to, etc.) 
a power management signal including, but not limited to a 
clock enable (CKE) signal, chip select (CS) signal, row 
address strobe (RAS), column address strobe (CAS), write 
enable (WE), and optionally in combination with other 
signals and/or commands. In other embodiments, use of a 
non-power management signal (e.g. control signal(s), 
address signal(s), data signal(s), command(s), etc.) is simi 
larly contemplated for initiating the power saving operation. 
Of course, however, it should be noted that anything that 
results in modi?cation of the power behavior may be 
employed in the context of the present embodiment. 
[0046] Since precharge power down mode may provide 
greater power savings than active power down mode, the 
system may, in yet another embodiment, be operable to map 
the physical memory circuits to appear as at least one virtual 
memory circuit with at least one aspect that is different from 
that of the physical memory circuits, resulting in a ?rst 
behavior of the virtual memory circuits that is different from 
a second behavior of the physical memory circuits. As an 
option, the interface circuit may be operable to aid or 
participate in the mapping of the physical memory circuits 
such that they appear as at least one virtual memory circuit. 

[0047] During use, and in accordance with one optional 
embodiment, the physical memory circuits may be mapped 
to appear as at least one virtual memory circuit with at least 
one aspect that is different from that of the physical memory 
circuits, resulting in a ?rst behavior of the at least one virtual 
memory circuits that is different from a second behavior of 
one or more of the physical memory circuits. Such behavior 
may, in one embodiment, include power behavior (eg a 
power consumption, current consumption, current wave 
form, any other aspect of power management or behavior, 
etc.). Such power behavior simulation may effect or result in 
a reduction or other modi?cation of average power con 
sumption, reduction or other modi?cation of peak power 
consumption or other measure of power consumption, 
reduction or other modi?cation of peak current consumption 
or other measure of current consumption, and/or modi?ca 
tion of other power behavior (e. g. parameters, metrics, etc.). 
[0048] In one exemplary embodiment, the at least one 
aspect that is altered by the simulation may be the precharge 
to-active ratio of the physical memory circuits. In various 
embodiments, the alteration of such a ratio may be ?xed 
(e.g. constant, etc.) or may be variable (e.g. dynamic, etc.). 
[0049] In one embodiment, a ?xed alteration of this ratio 
may be accomplished by a simulation that results in physical 
memory circuits appearing to have fewer portions (e.g. 
banks, etc.) that may be capable of performing operations in 
parallel. Purely as an example, a physical 1 Gb DDR2 
SDRAM circuit with eight physical banks may be mapped 
to a virtual 1 Gb DDR2 SDRAM circuit with two virtual 
banks, by coalescing or combining four physical banks into 
one virtual bank. Such a simulation may increase the pre 
charge-to-active ratio of the virtual memory circuit since the 
virtual memory circuit now has fewer portions (e.g. banks, 
etc.) that may be in use (eg in an active state, etc.) at any 
given time. Thus, there is higher likelihood that a power 
saving operation targeted at such a virtual memory circuit 
may result in that particular virtual memory circuit entering 
precharge power down mode as opposed to entering an 
active power down mode. Again as an example, a physical 
1 Gb DDR2 SDRAM circuit with eight physical banks may 
have a probability, g, that all eight physical banks are in the 
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precharge state at any given time. However, When the same 
physical 1 Gb DDR2 SDRAM circuit is mapped to a virtual 
1 Gb DDR2 SDRAM circuit With tWo virtual banks, the 
virtual DDR2 SDRAM circuit may have a probability, h, 
that both the virtual banks are in the precharge state at any 
given time. Under normal operating conditions of the sys 
tem, h may be greater than g. Thus, a poWer saving operation 
directed at the aforementioned virtual 1 Gb DDR2 SDRAM 
circuit may have a higher likelihood of placing the DDR2 
SDRAM circuit in a precharge poWer doWn mode as com 
pared to a similar poWer saving operation directed at the 
aforementioned physical 1 Gb DDR2 SDRAM circuit. 
[0050] A virtual memory circuit With feWer portions (e.g. 
banks, etc.) than a physical memory circuit With equivalent 
capacity may not be compatible With certain industry stan 
dards (e.g. JEDEC standards). For example, the JEDEC 
Standard No. JESD 2l-C for DDR2 SDRAM speci?cs a 1 
Gb DRAM circuit With eight banks. Thus, a 1 Gb virtual 
DRAM circuit With tWo virtual banks may not be compliant 
With the JEDEC standard. So, in another embodiment, a 
plurality of physical memory circuits, each having a ?rst 
number of physical portions (e.g. banks, etc.), may be 
mapped to at least one virtual memory circuit such that the 
at least one virtual memory circuit complies With an industry 
standard, and such that each physical memory circuit that is 
part of the at least one virtual memory circuit has a second 
number of portions (e.g. banks, etc.) that may be capable of 
performing operations in parallel, Wherein the second num 
ber of portions is different from the ?rst number of portions. 
As an example, four physical 1 Gb DDR2 SDRAM circuits 
(each With eight physical banks) may be mapped to a single 
virtual 4 Gb DDR2 SDRAM circuit With eight virtual banks, 
Wherein the eight physical banks in each physical 1 Gb 
DDR2 SDRAM circuit have been coalesced or combined 
into tWo virtual banks. As another example, four physical 1 
Gb DDR2 SDRAM circuits (each With eight physical banks) 
may be mapped to tWo virtual 2 Gb DDR2 SDRAM circuits, 
each With eight virtual banks, Wherein the eight physical 
banks in each physical 1 Gb DDR2 SDRAM circuit have 
been coalesced or combined into four virtual banks. Strictly 
as an option, the interface circuit may be operable to aid the 
system in the mapping of the physical memory circuits. 
[0051] FIG. 7 shoWs an example of four physical 1 Gb 
DDR2 SDRAM circuits 702A-D that are mapped by the 
system 706, and optionally With the aid or participation of 
interface circuit 704, to appear as a virtual 4 Gb DDR2 
SDRAM circuit 708. Each physical DRAM circuit 702A-D 
containing eight physical banks 720 has been mapped to tWo 
virtual banks 730 of the virtual 4 Gb DDR2 SDRAM circuit 
7 08. 

[0052] In this example, the simulation or mapping results 
in the memory circuits having feWer portions (e.g. banks 
etc.) that may be capable of performing operations in 
parallel. For example, this simulation may be done by 
mapping (e.g. coalescing or combining) a ?rst number of 
physical portion(s) (e.g. banks, etc.) into a second number of 
virtual portion(s). If the second number is less than the ?rst 
number, a memory circuit may have feWer portions that may 
be in use at any given time. Thus, there may be a higher 
likelihood that a poWer saving operation targeted at such a 
memory circuit may result in that particular memory circuit 
consuming less poWer. 
[0053] In another embodiment, a variable change in the 
precharge-to-active ratio may be accomplished by a simu 
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lation that results in the at least one virtual memory circuit 
having at least one latency that is different from that of the 
physical memory circuits. As an example, a physical 1 Gb 
DDR2 SDRAM circuit With eight banks may be mapped by 
the system, and optionally the interface circuit, to appear as 
a virtual 1 Gb DDR2 SDRAM circuit With eight virtual 
banks having at least one latency that is different from that 
of the physical DRAM circuits. The latency may include one 
or more timing parameters such as tFAW, tRRD, tRP, tRCD, 
tRFC(MIN), etc. 
[0054] In the context of various embodiments, tFAW is the 
4-Bank activate period; tRRD is the ACTIVE bank a to 
ACTIVE bank b command timing parameter; tRP is the 
PRECHARGE command period; tRCD is the ACTIVE-to 
READ or WRITE delay; and tRFC(min) is the minimum 
value of the REFRESH to ACTIVE or REFRESH to 
REFRESH command interval. 
[0055] In the context of one speci?c exemplary embodi 
ment, these and other DRAM timing parameters are de?ned 
in the JEDEC speci?cations (for example JESD 2l-C for 
DDR2 SDRAM and updates, corrections and errata avail 
able at the JEDEC Website) as Well as the DRAM manu 
facturer datasheets (for example the MICRON datasheet for 
1 Gb: x4, x8, ><l6 DDR2 SDRAM, example part number 
MT47H256M4, labeled PDF: 09005aef82lae8bf/Source: 
09005aef821aed36, l GbDDR2TOC.fm-Rev. K 9/06 EN, 
and available at the MICRON Website). 
[0056] To further illustrate, the virtual DRAM circuit may 
be simulated to have a tRP(virtual) that is greater than the 
tRP(physical) of the physical DRAM circuit. Such a simu 
lation may thus increase the minimum latency betWeen a 
precharge command and a subsequent activate command to 
a portion (e.g. bank, etc.) of the virtual DRAM circuit. As 
another example, the virtual DRAM circuit may be simu 
lated to have a tRRD(virtual) that is greater than the tRRD 
(physical) of the physical DRAM circuit. Such a simulation 
may thus increase the minimum latency betWeen successive 
activate commands to various portions (e.g. banks, etc.) of 
the virtual DRAM circuit. Such simulations may increase 
the precharge-to-active ratio of the memory circuit. There 
fore, there is higher likelihood that a memory circuit may 
enter precharge poWer doWn mode rather than an active 
poWer doWn mode When it is the target of a poWer saving 
operation. The system may optionally change the values of 
one or more latencies of the at least one virtual memory 

circuit in response to present, past, or future commands to 
the memory circuits, the temperature of the memory circuits, 
etc. That is, the at least one aspect of the virtual memory 
circuit may be changed dynamically. 
[0057] Some memory buses (e.g. DDR, DDR2, etc.) may 
alloW the use of IT or 2T address timing (also knoWn as IT 
or 2T address clocking). The MICRON technical note 
TN-47-0l, DDR2 DESIGN GUIDE FOR TWO-DIMM 
SYSTEMS (available at the MICRON Website) explains the 
meaning and use of IT and 2T address timing as folloWs: 
“Further, the address bus can be clocked using IT or 2T 
clocking. With IT, a neW command can be issued on every 
clock cycle 2T timing Will hold the address and command 
bus valid for tWo clock cycles. This reduces the ef?ciency of 
the bus to one command per tWo clocks, but it doubles the 
amount of setup and hold time. The data bus remains the 
same for all of the variations in the address bus.” 

[0058] In an alternate embodiment, the system may 
change the precharge-to-active ratio of the virtual memory 
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circuit by changing from IT address timing to 2T address 
timing When sending addresses and control signals to the 
interface circuit and/or the memory circuits. Since 2T 
address timing affects the latency betWeen successive com 
mands to the memory circuits, the precharge-to-active ratio 
of a memory circuit may be changed. Strictly as an option, 
the system may dynamically change between IT and 2T 
address timing. 
[0059] In one embodiment, the system may communicate 
a ?rst number of poWer management signals to the interface 
circuit to control the poWer behavior. The interface circuit 
may communicate a second number of poWer management 
signals to at least a portion of the memory circuits. In various 
embodiments, the second number of poWer management 
signals may be the same of different from the ?rst number 
of poWer management signals. In still another embodiment, 
the second number of poWer management signals may be 
utiliZed to perform poWer management of the portion(s) of 
the virtual or physical memory circuits in a manner that is 
independent from each other and/or independent from the 
?rst number of poWer management signals received from the 
system (Which may or may not also be utiliZed in a manner 
that is independent from each other). In alternate embodi 
ments, the system may provide poWer management signals 
directly to the memory circuits. In the context of the present 
description, such poWer management signal(s) may refer to 
any control signal (eg one or more address signals; one or 
more data signals; a combination of one or more control 

signals; a sequence of one or more control signals; a signal 
associated With an active (or active) operation, precharge 
operation, Write operation, read operation, a mode register 
Write operation, a mode register read operation, a refresh 
operation, or other encoded or direct operation, command or 
control signal, etc.). The operation associated With a com 
mand may consist of the command itself and optionally, one 
or more necessary signals and/or behavior. 

[0060] In one embodiment, the poWer management signals 
received from the system may be individual signals supplied 
to a DIMM. The poWer management signals may include, 
for example, CKE and CS signals. These poWer manage 
ment signals may also be used in conjunction and/or com 
bination With each other, and optionally, With other signals 
and commands that are encoded using other signals (e.g. 
RAS, CAS, WE, address etc.) for example. The JEDEC 
standards may be describe hoW commands directed to 
memory circuits are to be encoded. As the number of 
memory circuits on a DIMM is increased, it is bene?cial to 
increase the number of poWer management signals so as to 
increase the ?exibility of the system to manage portion(s) of 
the memory circuits on a DIMM. In order to increase the 
number of poWer management signals from the system 
Without increasing space and the dif?culty of the mother 
board routing, the poWer management signals may take 
several forms. In some of these forms, the poWer manage 
ment signals may be encoded, located, placed, or multi 
plexed in various existing ?elds (e.g. data ?eld, address 
?eld, etc.), signals (e.g. CKE signal, CD signal, etc.), and/or 
busses. 

[0061] For example a signal may be a single Wire; that is 
a single electrical point-to-point connection. In this case, the 
signal is un-encoded and not bussed, multiplexed, or 
encoded. As another example, a command directed to a 
memory circuit may be encoded, for example, in an address 
signal, by setting a prede?ned number of bits in a prede?ned 
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location (or ?eld) on the address bus to a speci?c combi 
nation that uniquely identi?es that command. In this case the 
command is said to be encoded on the address bus and 
located or placed in a certain position, location, or ?eld. In 
another example, multiple bits of information may be placed 
on multiple Wires that form a bus. In yet another example, 
a signal that requires the transfer of tWo or more bits of 
information may be time-multiplexed onto a single Wire. For 
example, the time-multiplexed sequence of 10 (a one fol 
loWed by a Zero) may be made equivalent to tWo individual 
signals: a one and a Zero. Such examples of time-multiplex 
ing are another form of encoding. Such various Well-known 
methods of signaling, encoding (or lack thereof), bussing, 
and multiplexing, etc. may be used in isolation or combi 
nation. 
[0062] Thus, in one embodiment, the poWer management 
signals from the system may occupy currently unused con 
nection pins on a DIMM (unused pins may be speci?ed by 
the JEDEC standards). In another embodiment, the poWer 
management signals may use existing CKE and CS pins on 
a DIMM, according to the JEDEC standard, along With 
additional CKE and CD pins to enable, for example, poWer 
management of DIMM capacities that may not yet be 
currently de?ned by the JEDEC standards. 
[0063] In another embodiment the poWer management 
signals from the system may be encoded in the CKE and CS 
signals. Thus, for example, the CKE signal may be a bus, 
and the poWer management signals may be encoded on that 
bus. In one example, a 3-bit Wide bus comprising three 
signals on three separate Wires: CKE[0], CKE[1], and CKE 
[2], may be decoded by the interface circuit to produce eight 
separate CKE signals that comprise the poWer management 
signals for the memory circuits. 
[0064] In yet another embodiment, the poWer management 
signals from the system may be encoded in unused portions 
of existing ?elds. Thus, for example, certain commands may 
have portions of the ?elds set to X (also knoWn as don’t 
care). In this case, the setting of such bit(s) to either a one 
or to a Zero does not affect the command. The effectively 
unused bit position in this ?eld may thus be used to carry a 
poWer management signal. The poWer management signal 
may thus be encoded and located or placed in a ?eld in a bus, 
for example. 
[0065] Further, the poWer management schemes described 
for the DRAM circuits may also be extended to the interface 
circuits. For example, the system may have or may infer 
information that a signal, bus, or other connection Will not 
be used for a period of time. During this period of time, the 
system may perform poWer management on the interface 
circuit or par‘t(s) thereof. Such poWer management may, for 
example, use an intelligent signaling mechanism (e.g. 
encoded signals, sideband signals, etc.) betWeen the system 
and interface circuits (e. g. register chips, bulfer chips, AMB 
chips, etc.), and/or betWeen interface circuits. These signals 
may be used to poWer manage (e.g. power off circuits, turn 
off or reduce bias currents, switch off or gate clocks, reduce 
voltage or current, etc) par‘t(s) of the interface circuits (e.g. 
input receiver circuits, internal logic circuits, clock genera 
tion circuits, output driver circuits, termination circuits, etc.) 
[0066] It should thus be clear that the poWer management 
schemes described here are by Way of speci?c examples for 
a particular technology, but that the methods and techniques 
are very general and may be applied to any memory circuit 
technology and any system (eg memory controller, etc.) to 
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achieve control over power behavior including, for example, 
the realization of poWer consumption savings and manage 
ment of current consumption behavior. 
[0067] While various embodiments have been described 
above, it should be understood that they have been presented 
by Way of example only, and not limitation. For example, 
any of the elements may employ any of the desired func 
tionality set forth hereinabove. Hence, as an option, a 
plurality of memory circuits may be mapped using simula 
tion to appear as at least one virtual memory circuit, Wherein 
a ?rst number of portions (e.g. banks, etc.) in each physical 
memory circuit may be coalesced or combined into a second 
number of virtual portions (e.g. banks, etc.), and the at least 
one virtual memory circuit may have at least one latency that 
is different from the corresponding latency of the physical 
memory circuits. Of course, in various embodiments, the 
?rst and second number of portions may include any one or 
more portions. Thus, the breadth and scope of a preferred 
embodiment should not be limited by any of the above 
described exemplary embodiments, but should be de?ned 
only in accordance With the following claims and their 
equivalents. 
What is claimed is: 
1. A method, comprising: 
communicating With a plurality of physical memory cir 

cuits; and 
simulating at least one virtual memory circuit With at least 

one poWer-related aspect that is different from at least 
one aspect of at least one of the physical memory 
circuits. 

2. The memory of claim 1, Wherein the simulating is 
performed by an interface circuit. 

3. The method of claim 2, Wherein the interface circuit is 
selected from the group consisting of a buffer, a register, an 
advanced memory buffer (AMB), and a component posi 
tioned on at least one dual in-line memory module (DIMM). 

4. The method of claim 3, Wherein the interface circuit 
includes the buffer and is selected from the group consisting 
of a buffer chip, a data register chip, a multiplexer/de 
multiplexer chip, and a synchronous multiplexer/de-multi 
plexer chip. 

5. The method of claim 3, Wherein the interface circuit 
includes the register and is selected from the group consist 
ing of an address register chip, a control register chip, and 
an address/control register chip. 

6. The method of claim 1, Wherein the simulating is 
performed by a component of a system. 

7. The method of claim 6, Wherein the component of the 
system includes a memory controller. 

8. The method of claim 1, Wherein the at least one 
poWer-related aspect includes a timing. 

9. The method of claim 1, Wherein the at least one 
poWer-related aspect includes a relative period of a ?rst state 
of the physical memory circuits With respect to a period of 
a second state of the physical memory circuits. 

10. The method of claim 9, Wherein the ?rst state is a 
precharge state. 

11. The method of claim 9, Wherein the second state is an 
active state. 

12. The method of claim 1, Wherein the at least one 
poWer-related aspect includes poWer behavior. 

13. The method of claim 12, Wherein the at least one 
poWer-related aspect includes a number of poWer manage 
ment signals. 

Apr. 3, 2008 

14. The method of claim 12, Wherein the at least one 
poWer-related aspect includes a type of poWer management 
signals. 

15. The method of claim 14, Wherein the type of poWer 
management signals is selected from the group consisting of 
a time-multiplexed poWer management signal, a bussed 
poWer management signal, an encoded poWer management 
signal, and a unencoded poWer management signal. 

16. The method of claim 12, Wherein the at least one 
poWer-related aspect includes a placement of poWer man 
agement signals. 

17. The method of claim 16, Wherein the placement of 
poWer management signals includes placement of poWer 
management signals in at least one of an address ?eld, a data 
?eld, at least one unused pin on a dual in-line memory 
module (DIMM), a clock enable signal, and a chip select 
signal. 

18. An apparatus, comprising: 
a component of a system in communication With a plu 

rality of physical memory circuits, the component of 
the system operable to communicate With the physical 
memory circuits and simulate at least one virtual 
memory circuit With at least one aspect that is different 
from at least one aspect of at least one of the physical 
memory circuits. 

19. The apparatus of claim 18, Wherein the component of 
the system includes a memory controller. 

20. The apparatus of claim 18, Wherein the component of 
the system Works in combination With an interface circuit for 
simulating the at least one aspect. 

21. The apparatus of claim 20, Wherein the interface 
circuit interfaces at least one of data signals and address 
signals. 

22. The apparatus of claim 20, Wherein the component of 
the system simulates the at least one aspect utiliZing a 
latency of the physical memory circuits. 

23. The apparatus of claim 18, Wherein the at least one 
aspect includes a poWer-related aspect. 

24. The apparatus of claim 23, Wherein the at least one 
poWer-related aspect includes poWer management of an 
interface circuit. 

25. The apparatus of claim 23, Wherein the at least one 
poWer-related aspect includes poWer management of at least 
one of a receiver circuit and a driver circuit of the interface 
circuit. 

26. The apparatus of claim 23, Wherein the at least one 
poWer-related aspect is simulated by adjusting a parameter 
selected from the group consisting of a tFAW parameter, a 
tRRD parameter, a tRP parameter, a tRFC(min) parameter, 
and a tRCD parameter. 

27. The apparatus of claim 23, Wherein the at least one 
poWer-related aspect is simulated by sWitching between IT 
and 2T modes. 

28. A method, comprising: 
communicating With at least one physical memory circuit 

having a ?rst number of portions; and 
simulating at least one virtual memory circuit having a 

second number of portions that is different from the ?rst 
number of portions of the at least one physical memory 
circuit. 

29. The method of claim 28, Wherein the second number 
is less than the ?rst number. 

30. The method of claim 19, Wherein the second number 
of portions includes a single portion. 
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31. The method of claim 28, wherein the simulating 
results in a power savings. 

32. A system, comprising: 
at least one physical memory circuit having a ?rst number 

of portions; and 
means for simulating at least one virtual memory circuit 

having a second number of portions that is different 
from the ?rst number of portions of the at least one 
physical memory circuit. 
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33. A method, comprising: 
communicating With a plurality of physical memory cir 

cuits; and 
simulating at least one virtual memory circuit With at least 

one aspect that is different from at least one aspect of 
at least one of the physical memory circuits; 

Wherein the at least aspect is selected from the group 
consisting of a signal, a portion, a partition, an orga 
niZation, a mapping, a timing, and a latency. 

* * * * * 


