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[0001] Wth ever greater denmands to be able to store
wW@nws0819r9 eve data ever nore quickly, menory deeT/U8204/032039
i ncl udi ng dynam ¢ random access nenory (DRAM devi ces,
have continued to beconme ever faster. Wth the
i ncreasi ng speed of the nenory devices has been an
acconmpanyi ng need for increases in the speed of the
menory interfaces and nenory busses used to
conmuni cat e addresses, conmmands and data with these
menory devi ces. Concerns have arisen as to whether or
not t he GHINERY BUATHC DIV IAEBSTRGRAEING) }@Fﬁﬂsﬂf
signals provided by the nenory interface of a nenory
controller to nultiple nenory devices, such as dua
inline nenory devices (DEVIM), wll continue to be
pBACKRQENIDe speed of these signals continue to
i ncrease. [0002] Both increasing speed and increasing
desires to conserve power have al so raised concerns
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ne
alSo r¥isé (Y Soncetns about i increasing the efficiency of how memory interfaces

and memory busses are used, and have raised the issue of finding ways to
decrease the overhead in communiéating addresses and/or commands required in
the communication of data to and from memory devices. As demands to transfer
data ever faster have continued to increase, every use of a memory interface
and/or memory bus to transfer an address or command has started to become
viewed as a lost opportunity to have used that amount of time and electrical

energy to transfer data, instead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The objects, features, and advantages of the present invention will be
apparent to one skilled in the art in view of the following detailed description in
which:



Figure 3 is still another block diagram of an
enbodi nent enploying a nenory system Figure 4 is a
whb@sk3ssagr am of an enbodi ment enpl oyi ng a coP@IIUS2004/032039
system Figure 5is a flowchart of an enbodi nent.
Figure 6 is another flow chart of an enbodi nment.
DETAI LED DESCRI PTI ON [0004] In the follow ng
description, for purposes of explanation, numerous
details are set forth in order to provide a thorough
under st andi ng of the present invention. However, it
w Il be apparent to one skilled in the art that these
speci f iFggif@tak h$1cukali f@4m o€ dhl bhb8dintnP e floying fahasbiyce
t he prggént |nvent|onﬁﬂ[0005] Enbodlnentg g%%t he ¥
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the refg [ %ﬁg %Jahlsb t l e,
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raﬁanwhlsyﬁgemf msm)ry ceI s via circuitry W|thi n a
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Omgadry egstérit 0 mul tiple two di mensional arrays of rows
and colunns be un ers t e skilled in
the ar FIgHE ltsﬁé’\fg?ﬁlf\ﬁé%ﬁff“& WEP&W%‘W 0&%%@@%
bg fEqActiced in support of any type of nenory device
haV|ng menory cells organi zed in any of a nunber of
vays, imguied isg flove erriedfpagmbedisaentar r ays of nore than
two di g® fan t addresses),
content g&&éé%@P%jietc £%’so Iﬁi ﬁ%%gh at | east part
of the follow ng discussion centers,on nmenory devices

Wit hin conmput er Séstens it wll be understood by
t rt that the invention as

herei nafter clainmed may be practiced in connection
with other el ectronic devices having nenory
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toget her via menory busses 180a-c in a serijes of

poieiails exs-neb reguired iheides lopsactivp thgedresent in¥ention- t he art
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igure eprcts it one
for the refreshing of memory cells within a memory module, either in place of or

in cooperation with the refreshing of memory cells via circuitry within a memory
controller. Although the following discussion centers on DRAM devices in
which memory cells are organized into multiple two dimensional arrays of rows
and columns, it will be understood by those skilled in the art that the invention as
hereinafter claimed may be practiced in support of any type of memory device
having memory cells organized in any of a number of ways, including interleaved
banks, arrays of more than two dimensions (i.e., more than two-part addresses),
content-addressable, etc. Also, although at least part of the following discussion
centers on memory devices within computer systems, it will be understood by
those skilled in the art that the invention as hereinafter claimed may be practiced

in connection with other electronic devices having memory devices.

2



formof a relatively sinple nenory system and that
al ternate enbodi nents are possible in which the exact
wa@eeoatsparent and configuration of components nMeYI/D82004/032039

reduced, augnmented or otherw se altered w thout

departing fromthe spirit and scope of the present

i nvention as hereinafter clainmed. For exanple,

al t hough nmenory system 100 is depicted as having three

menory devi ces 190a-c coupl ed through a single chain

of point-to-point connections to just one nenory

interface provi ded by nenory controller 170, it wll
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t RghbBN St nRedppaEAEsEed on menory cells within nmenory
devices 190a-c " to ensure that data stored within

mle(PﬁSWi/ deviewery aatraller 1) qontrelsrthe fnctinsiearriadué Ay megory
%I@é 1933-c"R aﬁ%‘f&) (thhg gﬁ:degﬁ tro'rﬁlérhﬁg RbicEE WA to external

&h opera I ons; par mory devi ces
1 dévices (aoteshatvn) tms repapdratalyl opup]aé ¢aimemoDReMItller Bk

SRRy b RGP o3RG ey’ °°

- | gaminahfetorBgastytonablléMg0so gﬁﬁi @tm&hﬂ@mmrtﬁtﬁé obtiemory

connect
devices 190a-c, and to retrieve stored data from one or more of memory devices

190a-c. Memory controller 170 receives these commands and relays them to
memory devices 190a-c in a format having timing and protocols compatible with
memory bus 180a. In effect, memory controller 170 coordinates accesses made to
memory cells within memory devices 190a-c in answer to read and write
commands from external devices. In support of these functions in various
embodiments, memory controller 170 may also coordinate various maintenance

. operations that must be performed on memory cells within memory devices 190a-c

| to ensure that data stored within memory devices 190a-c is preserved. Such

maintenance operations may include the initiation of regular refresh operations,



between only two devices. Limting the connection of
the majority of signals to only two devices aids in
wWorei0a3dond ng the integrity and desirabl e el ect PCTVEE2004/032039

characteristics of that majority of signals, and

thereby nore easily supports the reliable transfer of

hi gh speed signals. Menory controller 170 is coupled

to menory device 190a via nenory bus 180a, formng a

poi nt -t 0- poi nt connecti on between nenory controll er

170 and nmenory device 190a. In turn, nenory device

190a is likew se further coupled to nenory device 190b
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coupl ed t nory devi ce 190c via nenory bus 180c.

AdHF@§§@§m° #mands and data transfer between nenory
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rourgpu menory bus 180a, whil dresses, commands and

datea arbus Whereinasfleast hetmoaientyras rﬂm gxg@éﬁmk;mg ap thatbug pennect

AR An 8] Gl AG0, EalORE SRR O USAN Wsimato
8 le}cmmmevtws s i mplmefmmg theomgaigpardatesiratrel ekesmcal

t d/ t i | t 0

o eSS o ek atbrii f Senais, CR0 eFeHaRO P Dy SPRPES the
cqal@th t@z&fsfee bf Bighspadedatd) deinefyscanfrotlérf 1f7e)r1§ BéuEBReS

occurrlng in sequence over tIITEInaITL”tI exe ‘
rARGRATY QRyieel S Y19 Bhemony s, b Ha Arming & BRPLRLRAIBrFoREgtion

S By R RS cShESIRE 170 BES meAEY 8536519050 TYRAH SnaRGKOr
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ti'mmng, signaling and protoco
c aneory bas 1 80vs Adidressss, zomoiands dm ¢aoa trinstierd ebedenesemaéryo

devi ces. rthernore, the t t and
0 ol 1 U Lo e 08 ety Bonleh o s 480,
V ayhiRugdfRe%s,) ddintnaitl add de nsuso fraeerteyw duass@ford &datrller
ﬁﬁbe conflg red to Eﬁplnter perable with any of a
&pd gremopy; ?‘BPE‘é 190heng 190r qugbé%tervﬁwag@mm@yﬁewe?wd
&?%ﬁggg day interfaces or new interfaces
curre

l'y in devel opnent. In enbodi nents where
adP9as] t y~ Miempsy busses 550grramay bameds yp abwarious sepseate address,

0%85 61%8/%9\&%'3 aﬁ%rﬁa%lfo %rgﬂﬂlucgt%sadhl%s%eg o%%ﬁaﬁqd@ aflﬁ'/or
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t %céﬁrﬁﬂg 5?1 éeqﬁer?cle %(\:Ilér time in a multiplexed manner. Alternatively, or
perhaps in conjunction with such separate signal lines, addresses, commands
and/or data may be encoded for transfer in various ways and/or may be
transferred in packets. As those skilled in the art will readily recognize, many
forms of timing, signaling and protocols may be used in communications across a
point-to-point bus between two devices. Furthermore, the exact quantity and
characteristics of the various signal lines making up various possible
embodiments of memory busses 180a-c may be configured to be interoperable
with any of a number of possible memory interfaces, including widely used
current day interfaces or new interfaces currently in development. In

embodiments where activity on various signal lines is meant to be coordinated
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signal across each of nenory busses 180a-c. [0010]
Each of nenory devices 190a-c are made up of one each
wo@Roosnsmrd ace buffers 192a-c and storage arrayRCI/BSmo4032039

respectively, with correspondi ng ones of interface

buffers 192a-c and storage arrays 199a-c bei ng coupl ed

together within each of nenory devices 190a-c. Storage

arrays 199a-c are each nmade up of an array of nmenory

cells in which the actual storage of data occurs. In

sonme enbodi nents, storage arrays 199a-c may each be

made up of a single integrated circuit, (perhaps even
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irlltﬂe‘gﬁ%%go fé’ercuits, interface buffers 192a-c may be
meant 10 OVide an interface

[0011]  Interface buffers 192a-c provide an interface between corresponding
ones of storage arrays 199a-c and one or more of memory busses 180a-c to direct
transfers of addresses, commands and data between each of storage arrays 199a-c
and memory controller 170. In the case of memory device 190a, interface buffer
192a directs transfers of addresses, commands and/or data intended to be between
memory controller 170 and memory device 190a to storage array 199a, while
allowing transfers of addresses, commands and/or data intended to be between
memory controller 170 and other memory devices (such as memory devices 190b
and 190c¢) to pass through interface 192a. In some embodiments of memory
devices 190a-c, especially where storage arrays 199a-c are made up of multiple
integrated circuits, interface buffers 192a-c may be meant to provide an interface

to storage arrays 199a-c that are meant to be compatible with widely used types
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to storage arrays 199a-c that are neant to be

conpatible with widely used typesof nenory devi ces,
W@rwag3vkem bei ng DRAM (dynam ¢ random access PENDS20)4/032039

devi ces such as FPM (fast page node) nenory devices,

EDO (extended data out), dual-port VRAM (vi deo random

access nenory), w ndow RAM SDR (single data rate),

DDR (doubl e data rate), RAMBUS(tm DRAM etc. [0012]

Figure 2 is another block diagram of an enbodi nment

enpl oying a nenory system Menory system 200 is, at

least in part, made up of nenory controller 270 and
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22 In some enbodi nents, nmenory controller 270 may
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2200 t¥ktolt 4fdG8@ieve data in answer to read and write commands from
controlling device 220. In some embodiments, memory controller 270 may
incorporate ordering circuitry 277 having command buffer 279 to store and make
possible the reordering of data storage and retrieval commands received from
controlling device 220 to create sequence of read and write commands ordered to
be more efficient given various possible characteristics of memory bus 280a
and/or memory device 290.
[0014] Memory device 290 provides a number of memory cells to store data
that may be provided and/or required by controlling device 220, with those
memory cells being organized into an array within storage array 299. Interface

buffer 292 within memory device 290 receives read and write commands across



menory cells being organized into an array within

storage array 299. Interface buffer 292 within nenory
wa@enws0839200 recei ves read and wite conmands PCT/US2004/032039

acrossnmenory bus 280a, and accesses appropriate nmenory

cells within storage array 299 to either store or

retrieve data as commanded. In support of storing and

retrieving data, various maintenance operations nust

be perforned on the nenory cells within storage array

299 to ensure that data stored within those nenory

cells is preserved, and such mai nt enance operations
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%)érgégf?s 1 fan%gp&#tﬁgtlc%%ﬂlref intnsghlgﬂ "ﬁrgamfrﬁfe”%léﬁvge%qgacﬁﬁld/or
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oper atl ans, %0016 In other enbodinents, logic (\{\n %hl n
(§)

chdf&f,fef P2 may yely opdle ergurrence of a minimum peno time of

inactivity and/or other patterns of behavior occurring on memory bus 280a as an
indicator of when a dead time is occurring or is about to occur. Such logic within
interface buffer 292 may be designed and/or programmed to interpret times when
memory controller 270 may have powered down memory bus 280a as an
opportunity to carry out refresh operations.

[0016] In other embodiments, logic within memory controller 270 may be
designed and/or programmed to provide interface buffer 292 with an indication of
either upcoming dead time and/or an indication of the onset of dead time. This
may be deemed desirable to allow better coordination of the transfer of addresses,

commands and/or data initiated by memory controller 270 and refresh operations
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desi gned and/ or programmed to provide interface buffer

292 with an indication of either upcom ng dead tine
wW@nws08398n i ndication of the onset of dead ti meCT/Uk1084/032039

may be deened desirable to allow better coordination

of the transfer of addresses, commands and/or data

initiated by nenory controller 270 and refresh

operations 7carried out by interface buffer 292. In

vari ati ons where nenory controller 270 nakes use of

ordering circuitry 277 and/or command buffer 279 to

nore efficiently organi ze commands to be carried out,
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the transmission of the read or write command across memory bus 280a will have
to be attempted again as a way of stalling acceptance of the read or write
command to provide additional time for a refresh operation to be carried out or
completed.

[0018] Regardless of the mechanism used to delay or prevent the carrying out
of a read and/or write command involving storage array 299 in favor of a refresh
operation, memory controller 270, in some embodiments, may be designed and/or
programmed to carry out read and/or write operations involving other storage

arrays, perhaps within another memory device through memory bus 280b.
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command to provide additional tinme for a refresh
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commands from controlling device 320. In various possible embodiments,
memory controller 370 may incorporate refresh circuitry having refresh timer 374
and/or refresh tracking logic 375 to initiate and/or coordinate the refreshing of
memory cells within one or more memory devices coupled to memory controller
370, such as memory device 390. Also, in various possible embodiments,
memory controller 370 may incorporate ordering circuitry 377 having command
buffer 379 to store and make possible the reordering of data storage and retrieval
commands received from controlling device 320 to create sequence of read and
write commands ordered to be more efficient given various possible
characteristics of memory bus 380a and/or memory device 390.

[0021] Memory device 390 provides a number of memory cells within

storage array 399 to store data that may be provided and/or required by
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and/or refresh tracking logic 375 to initiate and/or
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circyitry 372 to coordinate the tines at .
readljwriteyinstructions may be derz]layed by the carrnﬁng out of refresh operations.

Furthermore, in possible embodiments of memory system 300 where more than
one memory device (such as memory device 390) is present, refresh circuitry 372
may coordinate refresh operations in multiple memory devices such that while a
read/write operation is being carried out on one memory device, one or more
other memory devices are caused to engage in refresh operations.

[0024] At other times in various embodiments, interface buffer 392 may
control refresh operations within memory device 390, possibly during times when
memory controller 370 has powered down memory bus 380a (and possibly
memory bus 380b, as well) in an effort to reduce the overall power consumed by

memory system 300. This may be a frequent occurrence in embodiments where
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down for short periods of time between what few transfers may be occurring,
while the memory cells within storage array 399 are allowed to remain fully -
active to be ready to respond to the next read/write command.

[0026] In embodiments in which interface 392 and storage array 399 are
incorporated within separate integrated circuits, and especially in embodiments
where storage array 399 is made up of multiple integrated circuits, each of the
integrated circuits making up storage array 399 may incorporate individual self-
refresh logic circuitry to be used at times when memory system 300 is to powered

down to a lower power state in which no read/write operations are to occur, but in

which data must still be preserved within the memory cells.
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[0029] In various embodiments, processor 410 could be any of a variety of

types of processor including a processor capable of executing at least a portion of
the widely known and used "x86" instruction set, and in other various
embodiments, there could be more than one processor. In various embodiments,
memory devices 490a-c could be any of a variety of types of dynamic random
access memory (RAM) including fast page mode (FPM), extended data out
(EDO), single data rate (SDR) or double data rate (DDR) forms of synchronous
dynamic RAM (SDRAM), RAM of various technologies employing a |
RAMBUS™ interface, etc., and memory controller 470 provides logic 420 with

an appropriate interface for the type of memory being used. At least a portion of
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to processor 410 and perfornms various functions in

support of processor 410 including providing processor
WA 1®5083980 access to nenory devices 490a-c to wWeETS2004/032039

system |l ogic 420 is al so coupl ed, using nenory

controller 470 within system | ogic 420. Processor 410,

system |l ogi ¢ 420 and nenory devi ces 490a-c nmake up a

formof core for conputer system 400 that is capable

of supporting execution of nachi ne readable

i nstructions by processor 410 and the storage of data

and instructions within nmenory devices 490a-c. [0029]
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O Rbh¥dlhtild nsdneiry devib@gBleogeich € ilstructions to be executed to prepare
memory controller 470 for normal use in providing access for processor 410 to
memory devices 490a-c. It may be that these same retrieved instructions are
executed to prepare system logic 420 for normal use in providing access to
storage device 460 and whatever form of storage media 461 that may be used by
storage device 460.

[0031] In some embodiments, storage media 461 carries machine-accessible
instructions to be executed by processor 410 to cause processor 410 to carry out
one or more tests of memory device 490a-c to determine what functions memory
devices 490a-c may support. Ifit is determined that one or more of memory
devices 490a-c are equipped with interface buffers (such as interface buffers

492a-c) that are capable of carrying out refresh operations on memory cells
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refresh capabilities. In sone variations, processor
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made by circuitry within a memory device of whether or not a memory bus

coupling the memory device to another device from which read, write and/or
refresh commands are received has been powered down. If such a memory bus
has been powered down, then the powering down of a memory bus may be taken
as an indication of the occurrence of dead time providing an opportunity to carry
out one or more refresh operations, and at 520 a check is made of whether or not
arefresh operation needs to be carried out to preserve data stored within memory
cells of the memory device. If such a memory bus has not been powered down,
then a check is made at 512 as to whether or not there is a read or write command
to carry out. If there is no read or write command pending, then the lack of a read

or write operation to be carried out may be taken as an indication of the
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d &eliesh operahP s PRY oF ay be affeqted ‘%))h%l fevirerte Ay @4 RNBeReRRA S

Sn{1 ﬁgﬁgﬁ ¢ pbRer WWt ?ﬂﬁ' erathsSI‘ﬁSfb fRedUHIRy ﬁhan is

een powere poweri ng down “of
nmrowy tdobsnmysabse K akeficshoparation da mitds@necbfo heheecessary, then

occur.rence.of dea I Q I
oS R0 EF S G sht g d 3T CRBRER ket
C lopedatibs isndremed to diatdessaryg then@treﬁes‘rﬁcﬁ;re&ﬁimnop eardtd out at 522,

o be c ied out, ta rese stored within
n&‘i’g%’?%h@éﬁt Siths Femperbiss Redh Chsked SR o ooy y
ﬁoms npf\/%{l:b@@'i‘s RGBS EwdAMR of bb&ibla efhbsalknem rmdsqoaa
2 as to ether or not there is a read or

c @h@@ma mage by ciguigytwithin a pregposy devigg ok \éfh‘%?h?fror\MOF tbére isa
CQUTERYMRE %gbféeon Hﬂ'ﬁ@caglli'&l &Ac h‘ftﬁére% 5 88@ RfwiE bp&ation to be

operatlon t carri e out may be taken as an
i diredtout thef the harrting ovlofitkat opewtion eeairs atrfd 2, andganather

heck t.her
o ﬁg?c}t f%{):ﬁ reaéleoé gvr}%g %Bgratcl:c\{);}'ltI {r%l bré]: arr? c{l}lﬁ a?gn lfnglc?esﬁ 619 If Jhere
Ofis 16 tefa o€ emritEOpkritiore beaamedwuq tiien 4ti620 atched;k is @aeade as to

ARSI o SR 0l oL 230, el Bl B AL

ggg ?gﬁsgﬁtc} ?[btﬁ’ér deviee ebupiieiois memofplevicd IRfvirSdontrol of
refresh operations, such other device perhaps being a memory controller. If the
circuitry within the memory device does not have control of refresh operations
then a check is once again made at 610 for read or write operations to carry out.
If the circuitry within the memory device does have control of refresh operations,
then a check is made at 630 to determine whether or not a refresh operation is
needed maintain data stored within memory cells within the memory device.
[0035] In a manner similar to what was described with regard to Figure 5, the
determination at 630 of whether or not a refresh operation is needed or not may
be based on the amount of time that has passed since previous refresh operations,

and/or may be affected by a desire to avoid unnecessary consumption of power

by carrying out refresh operations more frequently than is known to be necessary.
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needed or not may be based on the amount of tine that
has passed since previous refresh operations, and/or
worenps408398d f ect ed by a desire to avoi d unnecessBCTUS2004/032039
consunption of power by carrying out refresh
operations nore frequently than is known to be
necessary. |If a refresh operation is not deened to be
necessary, then the status of the nmenory bus is again
checked at 510. However, if a refresh operation is
deened to be necessary, then a refresh operation is
carried out at 522, before the status of the nenory
bisa tefredBhdatidieis kB HdRinea Je@be h&R3dly, frh&hine cBisicfice of a read
anot her flow chart of possible embodi ments. At 610, a
c RBBKItG eperEig thype eprriediont ip agRinshecked sb ). yHawoyeall afrefresh
pabaattn BigeBRlkd I fickRafl, HRAS, Bhetidrefu iR Srkiofolity 632
t befoee ﬂmlstaltusobxwetnce ofiemad bheridaopeyatips dobe odrriethatit occurs at
oggé?tion occurs at 612, and another check for a read
ite operation to be carried out is again nmade at

6300361 f  tTiey @vergionthak Bash d¥scriddtin serpe dafall avith g to various
carri_ed out then _at 620 a check is de as to et.her

t Ressihle embedienfs f i evieniHhaTRIR RS alie AR o d LGRS,

I §hfifihs ARE LdsvAl He aaﬁaremsaﬁﬂe kia11enat e n.mqﬁ‘ﬁ fi€of the
coupled to the nennrﬁbdeV|ce havi ng control refresh

opetegeingdescription Wil begadergieop by Hnse slhdehin fae it yhe
SRRk rob 18 G HLNpBA O b oDt ¥ Gry

c llecikes enpingiag agybfia madberatf p6dsible memc&adeohnolwgles elt will also

era ions.to.carry.out. If the .circui thin

R GPeaEst be viBE SEHE n p e B bl e ln b
t hedttideCinaapirs oNEle@ronic deditet ottdetan omputsh Sj?sl&ﬁﬁs fich as
not a refres% pperation i s neede |nta|n data st ored
widhipyidrorfmtsrtazneny dgyiees Fontrode h&%ﬁ‘y iy ¥eeles, applppses
| RoRrdTRANS el&tiShlcirchfiryVB@l Was descri bed mnth regard
to Figure’5, the determ nation at 630 of whether or
not a refresh operation is needed or not may be based
on the amount of tinme that has passed since previous
refresh operations, and/or may be affected by a desire
to avoi d unnecessary consunption of power by carrying
out refresh operations nore frequently than is known
to be necessary. 15If a refresh operation is not
deened to be necessary, then the existence of a read
or wite operation to be carried out is again checked
at 610. However, if a refresh

fndpttigrt
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operation is deened to be necessary, then a refresh
operation is carried out at 632, before the status
w@z200808396® of read or wite operations to be cPCT/US04/032039

out occurs at 632. [0036] The invention has been
described in sonme detail with regard to various
possi bl e enbodi nents. It is evident that nunerous
alternatives, nodifications, variations and uses w ||
be apparent to those skilled in the art in |light of
the foregoing description. It wll be understood by
those skilled in the art that the present invention

BVIgr acticed in support of many possible types of
nenory devi ces enpl oyi ng any of a nunber of possible
meMbatys eladkmbisogi es. 1t will al so be understood by
those skilled in the art that the present invention
may be practiced in support of electronic devices
otlher tAmmemeoypedier coymisergss such as audi o/ vi deo
entertai nnent devi ces optrol l.er devices in vehic
bl | 2 CLES R DarasE et Bt G EEmPa e gty o an
legapoMowthat is claimed is: . A nenory device

conprising: a storage array. conprised of a plurality
of mendPyIieERsesdufeg Spuplediioithe ﬁorsfﬁe anawnéfhama@ gl

| Bh@RFAROS BUHIE e ﬁ%@%ﬁﬁvﬁc@ b Q%rﬁtrﬁ?érﬁ&? bk §?You

having a first interface to couple the nmenory gew ce
t anemdry devicaenet gxtbusl memeryentoli¢reandenory device to

an ext ?%@%th\};@g‘a %gﬁ?eﬁbwgﬁ# 1ntgﬁ’ eb{u?{& ?os&nl cgft%refresh

associ a ace car Py’ out
r @beleﬂbn operavivithin thestarage amdytduninglagesivd bﬁgmeaﬁ Mych there

h th
e P A PhBorR SpRied by b I ek aPFuliE py the first
C aiidniictly Ibak tianidvasrefthd &bragealsy bus that involve the

storage array. 2. The nenory device of claim 1,
wherein the refresh logic is a conponent of the

i nt er f ag@ &S devRBEr YREK &1 WndrBS AR FIXh ARl §8 doﬁl onent

conprised of a'circuitboard to which i's attached a

| @4 8e inieefapmbeiferansdavidreio dihe memary domgeris sewprised of a

circuitboard to which is attached at least one integrated circuit that comprises the
storage array and at least one integrated circuit that comprises the interface
buffer.

3. The memory device of claim 1, wherein the first memory bus provides a
point-to-point connection between the memory device and the external memory
controller, the interface buffer has a second interface to couple the memory
device to a second memory bus to provide a point-to-point connection between
the memory device and another memory device, and the interface buffer passes
through bus activity between the first and second memory busses that does not

involve the storage array.

4, The memory device of claim 3, wherein both a transfer of data between

the external memory controller and the first interface of the interface buffer and a
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storage array and at | east one integrated circuit that

conprises the interface buffer. . The nenory device of
w@b@bns395mherein the first nmenory bus provi desP@I/US2004/032039

poi nt -t o- poi nt connecti on between the nmenory device

and the external nmenory controller, the interface

buffer has a second interface to couple the nenory

device to a second nenory bus to provide a

poi nt -t o-poi nt connection between the nmenory device

and anot her nenory device, and the interface buffer

passes through bus activity between the first and

S eRANEr HRIRA YetRdeS BR sboAl ittedBcdWtithd YRS bhlter S1IQh&8ier

array. 4. The nmenory device of claim, wherein both a

t ARgFRY¥ depice @egua Vb dedetanshsiteddnarpagketsrenor v

controller and the first interface of the interface

buffer and a 17transfer of data between the second

i Bt er f dbe ndmaeryelevict ef tlame 3 pwhdrem thaickftehle lagiidw@bnit@sactyvity

device.occur with data transmtted in. ackets., 5.
TRb FERSE ety b Brodhury RS Gng iRl toimnais are

| @¢ietveddivnh eHesfi8CikmbiyybiBAnidMeing tHeSstoraBETEM:, BHSVidifg an
identify a dg@%ﬁ%lne i.n which no .comuands are recelved

f IOBH‘_Pthf for ?F@H?giﬁ s onnevystisaiin rEryaub g‘lgfgesh epegption
PR\ 1B BitIRR (RPRELE Bird Y witBSut td@ﬁﬁngfst%@ Sr{iR@b If9n access

opportunistically Carry out a re operation on a
r eampmandiinyolviag sheottergee atravay wi t hout del ayi ng t he
carrying out of an access command invol ving the
storage array. 6. The nenory device of claimb5,

woer ei The meema@ifyrdesice bHglhim Savhdrein theitefi@shi Bfgicsdiries out a

operation on a row wi.thin the storage array .duri a
O b oBPaiPn o it Behip@tat DR Blrmbaht bhBhe T
extlecH@iraisaons/bet@eéd Bk kternansheindey edt@lleMBMhY ofleyi ce
occurs. 7., The menory device of claim3, wherein the

r S15°%4Y deYigE eClfhi t s a signal fromthe external menory

controller to identify a dead tine in which no

commands involving the storage array will be . _

t Fans itbe aeeregrytdeeice of elpinaB, weareinyheefteslldger awaits a signal

PRV BleQtcRih ﬂlfb%)c{ ldQﬁtI‘cheF i idglt&?fyrae({eﬁg ﬁﬁwl iﬁ %h‘f%}}tﬁo

carry out a refresh operation on“a row wthin €

stomagedamvalying thectoragdelay wilj bt henomaittey by gheoexterafil memory
controller, providing an opportunity for the refresh logic to carry out a refresh
operation on a row within the storage array without delaying the carrying out of

an access command involving the storage array.

8. The memory device of claim 3, wherein the refresh logic monitors the
first memory bus for the occurrence of a powering down of the first memory bus,
providing an opportunity for the refresh logic to opportunistically carry out a
refresh operation on a row within the storage array without delaying the carrying

out of an access command involving the storage array.

9. An interface buffer comprising:
a local interface to a storage array comprised of a plurality of memory

cells organized into an array of rows;
18



an access command involving the storage array. 8. The
menory device of claim3, wherein the refresh |ogic
WOorRiwsns9sd t he first nmenory bus for the occurrePCEUST004032039
poweri ng down of the first nmenory bus, providing an
opportunity for the refresh logic to opportunistically
carry out a refresh operation on a row within the
storage array w thout delaying the carrying out of an
access conmmand involving the storage array. 9. An
interface buffer conprising: a local interface to a
storage array conprised of a plurality of nmenory cells
or gani zeftsi iftePfaddtcPdoupde tRd stbREe arrd P 4 fifss ?neh[btrg bhdeouple
to couple the storage array to a first menor us to
c dhpstaragp array tor e tepalayerneyy sAntadcs wﬂwremﬁrmé/ryt memory bus
C L | . r.ei: . . i
PO et B e e Pl it el
amgeméry cortrellaral menory controller; a second interface
to couple t tQrage. ar to a second nenp bus 1o
coup! o eonialH Ao RikBpledle {6rofr SFRER s R ediofy b o
bubfisle tmeoseemupﬂnl | eerﬁnﬁtcmro'g&t ﬁfta_@fbe@uffaytd %u%a?&m@ﬁvﬁﬁw@@e
nmenor ontrol lLer throu interface bu r erein
t KR i‘bg’h‘?c?"??é% PYPIHEY %‘%‘ER}feH g’%"%\% P mt@rtf%:-eﬁ)é‘?ﬁ% wherein the

C QBEREAh GRoM PuBEIidR A PR Polnd teidRE6n Bl et B RbRRE
interface buffer; and refresh logic to carry out a

r énteEaee agdhaetheningifage Peffernftchi n the storage array
during r@ﬁ‘&‘ﬁrlb%lg tPbarky O a'r%ﬁ%'o@@ra‘i@ﬁ ofi a3b% Within the storage
transacfions carried out by the external nenory

c aniay diting a periochef tirhe gt whiehtheye esiottirmtadtiountarded b by the

. 10... The .i f ffer.of .claim9
BB Y syt S gt SO RS L Ay B Sodize
onerayntegrated circuit, the storage array is conprised

of at least one integrated circuit, and both the at
| east one integrated circuit conprising the interface

bubf er TRAntHRccBulfc@88E1aRNG, WHKrEiAtRE Bferfdck GUfthr is comprised
conprising the storage array are attached to a

ciof etlieass 9B integated rispuit thestoragpyastis wprprised ofié least one
1 Rig apl‘agzg%{t%ﬁf&fa%ﬁ 13fh Rk 3 IAMRAE Glrlerba cfrbdiblohHiid @G

IS CcOu
- interface buffer and the at least one integrated circuit comprising the storage array

are attached to a circuitboard to comprise a memory device.

11.  The interface buffer of claim 10, wherein the first interface is coupled to
the first memory bus and the second interface is coupled to the second memory
bus when the memory device is coupled to another circuitboard to which the

external memory controller is attached.

12. The interface buffer of claim 9, wherein both a transfer of data between
the external memory controller and the first interface and a transfer of data
between the second interface and the other interface buffer occur with data

transmitted in a packets. |



the first menory bus and the second interface is
coupled to the second nenory bus when the nenory

wa@lews08395% coupl ed to anot her circuitboard to Ri/Tk2D41€32039
external menory controller is attached. 12. The
interface buffer of claim9, wherein both a transfer
of data between the external nenory controller and the
first interface and a transfer of data between the
second interface and the other interface buffer occur
with data transmtted in a packets. 19. The nenory
device of claim9, wherein the refresh I ogic nonitors
aqBi Vi hhederidt§ dbiics bf SRRPY Yovikd#SintiRe FBRM 1do¥e RoMERE activity
time in which no conmands are received fromthe first
meRbRS A5t memeunbus taddentiéy & tlenddéae iy Whigh nprcomimtindgyangn

.0 ' f LGt | St 1. y
conpyyed ot te el HEmES SRR o rdRPREL) B
s oppertmityrfonthe wefidsb e gictl @ppiortynistieal lyavarryiontya eaftesh Epa'ation

d i.nvol ving the stora array. 14. The

R OO Bl e bt B B AR E Ep ] o g s
Cc aomiraad dustolving efersehigeopriyat i on on a row within the
storage array during a period of tinme in which a
transaction between the external menmory controller and
thg. ot @k nfnRirpAByies bR £3)iwherdin theREeTRIBRI aff¥ o fa
of claim9, wherein the refresh logic awaits a signa
f Fefrash iepcralion P a rowranibiy the sierags! drey duoing @eatipd 9f tmdéad
ti . ; . i . .
R T R e B e T
peo®y déqugs.an opportunity for the refresh logic to
carry out a refresh operation on a row within the
storage array w thout delaying the carrying out of an
agsess Tho mvaiudy ideviod vi digint 96wt €ih dlgererielologic awii® a signal

ry device of claim9, wherejn the refresh |ogic
BT e SSIEHE prepey Fotiyr WGty aciiad Bereds PRifbe%f a
Pe¥Rhiangs HO¥R i tht Berdsk raﬁh}l] WBITBE YraBWRitte®H P Wekixign A 'Plllﬁrr;/ory

opportunity for the refresh |ogic to opportunistica
c sentiplispipraviding e shperpeviatipoihe sefreshriegic ie edniyrout haefresh

, y . - ; ¢
SR8, 5 0 WS sS04 0 0l o
an access command involving the storage array.

16.  The memory device of claim 9, wherein the refresh logic monitors the
first memory bus for the occurrence of a powering down of the first memory bus,
providing an opportunity for the refresh logic to opportunistically carry out a
refresh operation on a row within the storage array without delaying the carrying

out of an access command involving the storage array.

17. A memory system comprising:

a memory controller;

a first memory bus coupled to the memory controller;

a first memory device having a first storage array comprised of a plurality
of memory cells organized into rows and a first interface buffer coupled within

the first memory device to the first storage array, wherein the first interface buffer
20



17. A nmenory system conprising: a nenory controller; a
first nmenory bus coupled to the nenory controller; a

w0 eosp33venory devi ce having a first storage arP@pUS2004/032039
conprised of a plurality of nmenory cells organized
into rows and a first interface buffer coupled within
the first nmenory device to the first storage array,
wherein the first interface buffer 20provides a first
interface by which the first nenory device is coupled
to the first menory bus form ng a point-to-point
connection between the nenory controller and the first
! girs&iﬁéscaeﬁrs@irﬁ&me @g W& the €8st ndibrd dblics ts doRhlc@ 3 the first
logic to carry out refresh operation on a row w thin
t leerhprydtus Somoring e paint-typeint ¢angeetiopdretwebndhe miemery gontroller

[ no, ; [ ;

ety 5E B iR O R Rk E A BT SBed brigto MlErpa
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to t.he second interf.ace; an second nenor evi c
S TrC e SR LTS G et by s Memarntorbroflf prsiie figs
OfmEBEBBHs Rt hiSvoBFdBe Fize dhotdpe @rraps and a second
interface buffer coupled within the second nenor

> y
devi ce & weobkmemepissouplad o tesespndipieriasenatthe second
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he secona i nemof i helatetind ek fE6 QinphlikEbra
meprdwnalityafandnoenyicalls ergpaiizert intaropwsi antl aseenndanictiacdmtiiveen
th hi.c d..i. nf,er f n 0 Lnterface, and .
S Bup R LR 858 Aok M RO st Sl By Rgsin
orth@sdcond witértice butfer ecideda gialiagefass bawhithrtheigscand
period of tine in ich there are no tryansaction .
P iy sytoeny camisdn i sro i ApaR s RE SpeRerpoint
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The nmenory systemof claim7, wherein the first

i iedPshdesichRPaEy oY dgsbesh ancrligh opdsorcYitvn the sseendetiprage
t %‘fraﬁr'dﬁﬁh g'f)?ri&? 600 TERRICH thys §1%ihé>t tpeﬁrltﬁa&ﬁﬁ§ caikd out by the

i nvofve t Irst storage array. e nenory systéem
ofmerhenyrnonBollentvarthé secood memory bussthetrinvdlvel thesetaidwbeage

the tenory controller and the first interface and a
transfer of data between the

18.  The memory system of claim 17, wherein the first interface buffer passes
through bus activity between the first and second memory busses that does not

involve the first storage array.

19.  The memory system of claim 18, wherein both a transfer of data between
the memory controller and the first interface and a transfer of data between the

second interface and the third interface occur with data transmitted in a packets.

20.  The memory system of claim 17, wherein the first refresh logic monitors
activity on the first memory bus to identify a dead time in which no commands
are received from the first memory bus involving the first storage array, providing

an opportunity for the first refresh logic to opportunistically carry out a refresh

21



second interface and the third interface occur wth

data transmtted in a packets. 20. The nenory system
w@R00sH0339% , wherein the first refresh | ogi c noPCT/O8204/032039

activity on the first menory bus to identify a dead

time in which no conmands are received fromthe first

menory bus involving the first storage array,

provi di ng an opportunity for the first refresh logic

to opportunistically carry out a refresh 2loperation

on arowwthin the first storage array w t hout

del aying the carrying out of an access command

| RpetatibMgn bhewWithed thetREtadfadd sy without HBRYIHENRY darrying out

system of claim20, wherein the first refresh |ogic

cé’% AR @ecegy gommand mxelNing he At sierags agavow wi t hin t he
first storage array during a period of time in which a
transacti on between the nenory controller and the

s@dond Theonaery systeny obclaim £0, Rhereifirthe fiestoefiesk Yagiecardés out

acte R msiEh B bR B R B e e B ime

t iimevhich adrinsiiction betwara tigssmamery @il ecaridrtensdcbad sefapad
menory bus involving the second storage array,
pPﬂ@YﬁFﬂﬁ&an opportunity for the second refresh |ogic
to opportunistically carry out a refresh operation on
a_row wthin the second storage array in parallel with
t Ré- fi ride meapqrgsysiom gf elaism 2Py Wheyeinithe second refigsh logic

Y B?Jrﬁtjb.fsoi&tiggen [&We%nﬁ%&n&ﬁ@oufs kg ﬁfg*lﬁgpe’[ A48 Rld iﬁvah%%Ihlao

W t hout de Ing the carryi out n access CoO
i Gowmandg)areecesved droeh theseemd memery. bul 3uvolviag thersecond

S claim 17, wherei.n the first refresh. | ogic
a&%ﬁ%aglfa& Igﬁ{é]lq}rérag mPe ﬁreturélp lxé)F ﬁ}ﬂseﬁ%t%rrege%]oelﬂg]rcg?l er to
i ﬁpp?r’tdrﬁstaaﬂip&dr}t dura réﬁ’les‘hdﬁpiefhéibﬁ ofi Qﬁﬁﬁﬁ@iﬁlﬂé ﬂ”lg,@edd%ﬂﬂ&torage

the first or, rray. Wll be transmtt y the
mefteY i Al Sithdpe fist Efregh kf@%l%?ﬁ%%?%ﬁﬁﬁwcmﬂwé ona
f ko withed e Fistlseithge drfyGaitHont Qlhyidg 'El%f(,raﬁ%lﬁlg;ﬂi\? bRhh Aless
on a rowwthin the first storage array W thout

dEPEINaRg invelvipgtheppegd stpragstaredy. access command
involving the first storage array. 24. The nenory
system of claim 23, wherein the second refresh |ogic
avdi t s The siegray systemmof ¢leine % 7,evieabintenbrsy refiesh logid araitsa

Wi o Hgine X1 oyl ot gl
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meomnynds involving the first storage array will be transmitted by the memory

controller, providing an opportunity for the first refresh logic to carry out a
refresh operation on a row within the first storage array without delaying the

carrying out of an access command involving the first storage array.

24.  The memory system of claim 23, wherein the second refresh logic awaits
a signal from the external memory controller to identify a dead time in which no
commands involving the second storage array will be transmitted by the memory
controller, providing an opportunity for the second refresh logic to carry out a
refresh operation on a row within the second storage array in parallel with the

second refresh logic carrying out a refresh operation on a row within the first
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controller, providing an opportunity for the second
refresh logic to carry out a refresh operation on a

WO ows8398¢ N t he second storage array in paral | BCT/WE1004/032039
the second refresh logic carrying out a refresh
operation on a row wthin the first 22storage array
‘W thout delaying the carrying out of an access command
i nvol ving the second storage array. 25. The nenory
systemof claim 17, wherein the first refresh logic
nmonitors the first menory bus for the occurrence of a
poweri ng down of the first nmenory bus, providing an
g iRl LB IR cab UL of BphEclitommand iavolving
r dbe sdicond siorage afray.st st orage array wit hout del aying
the carrying out of an access command invol ving the
first storage array. 26. The nmenory system of claim
225. wheTteimerdrg systemtof ckimdShwhegincthedint tefresh idgc monitors

secopd, nenory, bus for the occurrence of a rJ

ddUn It TERBTL B RE R SRERTerSG ST PP CRE Sl the frst emory
0 m@,rﬁraﬂhtmg_ah%? bitehis P fArefrefsdh 1b %igltéf oportunistically carry
opportunlstlca,Fy carry out a refresh operation on a

r GWt dFefirsh operatirberomepve Paihiy e dirvtaiprage gseyayithout delaying the
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operation on a row wthin the sécond stordge drray

wi t hout del aying the carrying out of an access conmmand
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to the processor; a first .nenory bus co d . to the
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cells _organized into rows and a first interface buffer

c Gy dpriel ivvith the sycond refrshdrgic aavyiagowte refiesty enesation on
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oo doan e Skl AR LU RVl Ry Farihe Sl ofn
degtase commend pivelyingothe kecond storagesamsyy bus fornming a
poi nt -t 0- poi nt connecti on between the nenory
controller and the first interface, a second

I 1’7er f &k eomputel ysteir ®mprizfirgesh logic to carry out a

a processor;

a disk storage device coupled to the processor

a memory controller coupled to the processor;

a first memory bus coupled to the memory controller;

a first memory device having a first storage array comprised of a plurality
of memory cells organized into rows and a first interface buffer coupled within
the first memory device to the first storage array, wherein the first interface buffer
provides a first interface by which the first memory device is coupled to the first
memory bus forming a point-to-point connection between the memory controller
and the first interface, a second interface, and a first refresh logic to carry out a
refresh operation on a row within the first storage array during a period of time in
which there are no transactions carried out by the memory controller on the first

memory bus that involve the first storage array;
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refresh operation on a rowwithin the first storage
array during a period of tinme in which there are no
WO e@8®33959 ons carried out by the nmenory contr oP¢EUSIN4/032039
the first nenory bus that involve the first storage
array; 23a second nenory bus coupled to the second
interface; and a second nenory device having a second
storage array conprised of a plurality of nmenory cells
organi zed into rows and a second interface buffer
coupled within the second nenory device to the second
storage array, wherein the second interface buffer
provi dessedorddthéorly BB lchb@fied Ryithwhéohd il raeeand menory
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i rarsafti ch no commands involving the first storage array

will be transmtted by the nmenory controller

provi ding an opportunity for the first refresh logic
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the nmenory controller is further CTonprised of a

C Girpgsl aryaypicsurdr pr ogr anmabl e by the processor to
enable the transmtting of a signal by the nenory
controller to the first refresh logic to identify a
de&d t iThe.computer system of claim 27, wherein the first refresh logic awaits a

signal from the external memory controller to identify a dead time in which no
commands involving the first storage array will be transmitted by the memory
controller, providing an opportunity for the first refresh logic to carry out a
refresh operation on a row within the first storage array without delaying the

carrying out of an access command involving the first storage array.

30.  The computer system of claim 29, wherein the memory controller is
further comprised of a control register programmable by the processor to enable
the transmitting of a signal by the memory controller to the first refresh logic to

identify a dead time.

31.  The computer system of claim 27, wherein the first refresh logic monitors

the first memory bus for the occurrence of a powering down of the first memory
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The conputer systemof claim 27, wherein the first

refresh logic nonitors the first nenory bus for the
woewansmace of a powering down of the first neP@r/ysS2004/032039

24bus, providing an opportunity for the first refresh

logic to opportunistically carry out a refresh

operation on arowwthin the first storage array

wi t hout del aying the carrying out of an access comand

involving the first storage array. 32. A nethod

conprising : determ ning whether or not a nenory

devi ce coupled to a nenory controller via a nenory bus
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providing an opportunity for the first refresh logic to carry out a refresh operation

on a row within the storage array without delaying the carrying out of an access
command involving the storage array, if the memory controller supports
examining queued memory access commands and the memory device possesses

the first refresh logic.

33.  The method of claim 32, further comprising:

signaling the first refresh logic that the first refresh logic controls the
timing of refresh operations and powering down the memory bus, if the memory
controller supports examining queued memory access commands and the memory
device possesses the first refresh logic; and

powering up the memory bus and signaling the first refresh logic that the

second refresh logic controls the timing of refresh operations, if the memory
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powering up the nenory bus and signaling the first
refresh logic that the second refresh logic controls

wo b@s0s3sng of refresh operations, if the nenoPgI/US2004/032039

25control I er supports exam ni ng queued nmenory access
commands and the nenory devi ce possesses the first
refresh logic. 34. A nethod conprising: checking

whet her or not there is an access operation to carry
out; carrying out an access operation if the check for
an access operation to carry out reveals that there is
an access operation to carry out; carrying out a
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coupled to the nenory controller via a nenory bus
pdbsimssfase hufferrwithin die memoryodsivicei ndependent of a
second refresh logic

'35.  The method of claim 34, further comprising:
checking whether or not the memory bus is powered down; and
carrying out a refresh operation under the control of refresh logic within
an interface buffer of the memory device if the check for the powering down of
the memory bus reveals that the memory bus is powered down and a refresh

operation is needed.

36. A machine-accessible medium comprising code that when executed by a
processor within an electronic device, causes the electronic device to:

program a memory controller to which the processor is coupled to
determine whether or not a memory device coupled to the memory controller via
a memory bus possesses a first refresh logic independent of a second refresh logic

comprising the memory controller;
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conprising the nmenory controller; 26programthe nenory
controller to exam ne queued nenory access conmmands
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time in which the menory controller will not transmt

a command involving a storage array within the nenory
devi ce, providing an opportunity for the first refresh
logic to carry out a refresh operation on a row within
the storage array w thout delaying the carrying out of

an access command involving the storage array, if the
menory controller supports exam ni ng queued nenory
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37.  The machine-accessible medium of claim 36, further causing the
processor to: ‘

signal the first refresh logic that the first refresh logic controls the timing
of refresh operations and power down the memory bus, if the memory controller
supports examining queued memory access commands and the memory device
possesses the first refresh logic; and

power up the memory bus and signal the first refresh logic that the second
refresh logic controls the timing of refresh operations, if the memory controller
supports examining queued memory access commands and the memory device

possesses the first refresh logic.

27



