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METHODANDAPPARATUSFORPARTI ALREFRESHI NGOFDRAMS
BACKGROUND [ 0001] Conputer systens continue to be
waleasgosdl t o neet the two often opposi ng goal sPOf/US2004/021216
i ncreased speed and decreased power consunption. The
struggle to neet both goals becones quite evident in
the case of electronic devices such as portable
c onpuMVETHS ARIPSAPPARATI F2R ROREWG IEFRRIIRNR OF IIRAMS
conmputers. As ever nore uses for such electronic
devices are found, there is a need for ever nore
processing capability, including faster processors,
55&3&@£&E@5&%, etc. However, at the sane tine, as ever
nore uses for such devices are found, there is an
I ncreasing desire to nake them ever nore ortq%{e SO .
0001kt * <CRmPHE Pt IsoRTRRS o DEidErenes toragre Bl voriep cReesine
where they can be used in such new found ways. [0002]
goath pEinsteasrsipeethans! destaapedppwes capsusintiony dhe sEugglajesmess both
decrease the anount of power required by each of the
godde hpwmestquito bvidenthin dheeense ofélectohmid deavices iswehl asdionigble computer
nmenory devi ces. Known approaches include creating
systam) dedudingmotebarkemd(imadinad bympetsr Pecveomas: b é@puch
nodes” or "hibernation nodes"”) for such electronic
cled@uihi6 @svites £Ot@RMd] e W avedfl eagtrhorelpyodesiing capability, including
DRAM (dynam ¢ random access nenory) devices have been

Fastdr SRERE oW, kbré AWRIorPRUE T HHRERS, at HiRCdauifd tiifle, W8 @Yerl Bore uses for
comonly referred to in the DRAM devi ce industry as

suctS@vice’ Gle/BEMY, tARE % an! iﬂc&%&ﬁ%’ae%fr% €5 thal®8Rm ever more portable so
I'nteractions between DRAM devi ces and ot her conponents

r | '
T Bl d AL B0 RS 0B B TR ot e
the function of refreshing nenory cells within a DRAM

P& to prevent |oss of data stored within those
nenory _cells. Self refresh_npdes.entail usin
[00P2)i yaThis sagale ps tegied 1 gifprts tlorﬁ wa nﬁﬂg‘%ﬁeg@e grgount of

al l ow t he DRAM devi ce to aut gnonously ,caH ri)éeout
ev

t
POVENEEPiBR B cacliof dergomgpongs pRsugh electronic S, 1nc1u(§]1§g memory

fo

devices. Known approaches include creating reduced power modes (commonly referred

to as "sleep modes" or "hibernation modes") for such electronic devices to enter into when
not actively being used. DRAM (dynamic random access memory) devices have been
created with lower power modes, including what is commonly referred to in the DRAM
device industry as "self refresh" mode. In self refresh mode, interactions between DRAM
devices and other components are minimized, including interactions where commands are
regularly transmitted to DRAM devices to perform the function of refreshing memory

cells within a DRAM device to prevent loss of data stored within those memory cells. Self
refresh modes entail using a minimal amount of logic built into a DRAM device to allow
the DRAM device to autonomously carry out the function of refreshing the DRAM

device's memory cells.
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device's nmenory cells.[0003] However, such
approachest o reduci ngDRAM devi ce power consunption
whaone/003t1 addr essed t he probl em of the unnecesBEr/YS2004/021216
wasting of power to refresh |arge quantities of nenory
cell's not containing data to be preserved, even in
reduced power nodes such as self refresh node. .
[006H EFDEeseRreRPudnproathiEs DRedcREIOROOD 45 Vighpowes caswynption
features, and advantages of the present invention wll
haveacapdiaesed thepraiemsi thel wuhetassariiavagting dfporiesdp tsffresh darge
follow ng detailed description in which: Figure 1 is a
quatifeXofdhagssreeli§ natvoatairing daato beplessrived) ememirmodyced power
device. Figure 2 is a block diagramof an enbodi nent
mo&Euel h &l ereGosimbas. system Figure 3 is a flow chart
of a nethod of an enbodinent. Figure 4 is a flow chart
of a nethod of another enbodinent. Figure 5 is a flow
BRIERDESORIBTI®NOH THE BRAWIAGS her enbodi nent. Fi gures
6a and 6b are tim ng diagrans of enbodi nents enpl oyi ng
a nenory bus. Figure 7 is a block diagram of another
[000apodiTReRbjeetpfeaftirery amd adaptapes ofthis present DEFEAL EDill be apparent
DESCRI PTI ON [ 0005] In the follow ng description, for
to delsRORE SN e 2804RvaRabf M8 folluiag dugileddactiptiar @ wieth:
forth in order to provide a thorough understandi ng of
enbodi ments of the present invention. However, it wll
be Bigeae drit atdodndiagkarhlof dniembddinzertt enfylpytiriges enemory
specific details are not required in order to practice
detibe present invention as hereinafter claimed.[0006]
Enbodi nents of the present invention concern
i ncBignoe &tis adpledppiograrh@f an embodiment employing a computer

system.

Figure 3 is a flow chart of a method of an embodiment.

Figure 4 is a flow chart of a method of another embodiment.

Figure 5 is a flow chart of a method of still another embodiment.

Figures 6a and 6b are timing diagrams of embodiments employing a
memory bus.

Figure 7 is a block diagram of another embodiment employing a computer

system.

DETAILED DESCRIPTION

[0005] In the following description, for purposes of explanation, numerous details are
set forth in order to provide a thorough understanding of embodiments of the present
invention. However, it will be apparent to one skilled in the art that these specific details

are not required in order to practice the present invention as hereinafter claimed.
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limting the refreshing of nenory cells of a DRAM
device to only portions of a DRAM devi ce havi ng nenory
W@ e00bmoasaent ai ni ng data to be preserved, and theCED$2004/021216
reduce the anmount of power used to refresh nenory
cell's not containing such data. Al though the follow ng
di scussion centers on DRAM devices, it wll be
[0006Her Jirakndlimgnts W6 Dsgsent iadentioncRECER ﬂnwmattf}gewppoﬂ for
present invention as hereinafter clainmed my
limptirecthé oaftkshing of ppotory oéllssafiz DRAM deviersiormyy ﬁ@vp@%of a DRAM
having cells in need of being refreshed or otherw se
devied lvarigheematy dedlg abmtnining data/@l te freseovedeand theysby sesfuge the
their contents. It will also be understood by those
ambiitlof pewbiudeti€o auftesh frinoay télsumh corteinfnpl suokilatg. Although the
di scussi on centers on nenory devices in which nenory

folK)%Julng' d1§&t%s1‘éh Gankzem DRAMBevHEdIER /i Ba uinddrstayé b thosewiilled in
and colums, the nmenory cells may be organized in any

the%l}tttﬂ% uyérpl%ﬁerﬁfm ¥&n ad E&Elﬂgﬂé}%ldﬂ%@ nkh?'ﬂéspr%féeﬂ\ﬁﬂ $hpPbrt of any

nterl eavi ng, arrays of nore

typgito?ﬁ{e%aso aew?é)ff%\;ﬁg] e@lg(ﬁ? ﬁée?lacg'lb% o5k festBl S oth@hwilOHBMtained at

par omnng P3cUSsion centers on
nor thin, c ut er I t
regt rerﬁ%rﬂsgr& PieE P Tt b5 Fnlsl el MR A Spose
elnfte actlcdln connection
s g g plagieh e louBp e BB a8y il %{ﬁrﬁ%%m?@m
devices. [0007] Figure 1 is . a sjnplified_block di
W @m%owwaaﬁwgamﬁﬁ%mh Sm&e“ﬁ@%fr%m&é\?fﬁ%"s ?‘gms the
device 100 is, at least in part, nade up of nenory
megoragells10ay beovreprired ivginy of 3oumb e ES ‘E’@%‘G&b%& and with
col um address decoder 136, data columm mnulti pl exer
or WiBoutentedeavalg, eunyy af mématienf oelimeasionsy cententtaddragsables etc.
interface 156, and external data interface 158. Those
AlsK hlthorgh ianlehdtepastrdf tiof follbwirgedisoyssiod centers oy nokewirg egthin
i ncl udi ng DRAM devices, wll readily recognize that

cotih @ §sfenfRl RWWiT®S uBdéreload i by @loge skiltpd & e pitahdtaine present
conmponent s maki ng up a DRAM devi ce, and that the exact

invRhfiG SR ha B 41508 | hﬁ&‘ b kRbc& ind@ARQMRA taithbthéH dlecBronic
DRAM devi ce may be reduced, augnented or
devices or systems having memory devices.
[0007] Figure 1 is a simplified block diagram of one embodiment employing a
memory device. Memory device 100 is, at least in part, made up of memory array 110,
control logic 130, row address decoder 134, column address decoder 136, data column
multiplexer 138, external control interface 154, external address interface 156, and
external data interface 158. Those skilled in the art of the design of memory devices,
including DRAM devices, will readily recognize that Figure 1 provides a relatively simple
depiction of components making up a DRAM device, and that the exact arrangement and
configuration of components within a DRAM device may be reduced, augmented or

otherwise altered without departing from the spirit and scope of the present invention as

hereinafter claimed. Specifically, although memory device 100 is depicted as having only
3
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ot herw se altered wi thout departing fromthe spirit
and scope of the present invention as hereinafter
w@b@snoei41 Speci fically, although nenory devi cepdD0S1084/021216
depi cted as havi ng onl yone nenory array 110,
suggesting that nmenory device 100 has only one "bank"
of menory cells organized in a single two di nensi ona
oneamemryfasiayt 118, siegestivg thatmamay dpviee 109 Besuy gpe "hapk” of
wi |l be understood by those skilled in the art that
metnbey cetlyorganizet i a singlesmordimdesionsd anrgfardle ke of giamlisdy of
in any of a nunber of ways, including having nore than
disansionEnwily banndeystoad by thosalskital ia thdam thah thepaerkorymells of
having a single nenory array configured to provide the
mefndRcddvidral 00ana bebeatized innauly tof pnembané®wayfs)B8iding having more
External control interface 154, external address

thah Bh&hkaRey 408 @gﬁoﬁﬁé fHoh@thafl dh@bark, 6f hates 4 Bidgle memory array
toget her,” provi de an interface between nenory device

con%%gﬁeﬁgg %@J e rfevhaeFuivaRht SAUMD I Hidks.ar € attached

evi ce 100. Through external control

[00. e: {ﬁ%@%@énﬁ%h&%bg 1548 %Qﬂeﬁ%la %%’dsrgét%%{eﬁ{acé 52 ﬁld]e%%é?al data

el ves Cco O carry out rea

i S PR 0 P RIS AR 88055
o B0 A S B5e PSS M

~read, wite and ot her operations. Through ex nal .

intariace, | hOUE b AOUBBA 10FRETP! IRSIG bifh PREIRS CSYICE JULTeCEPS
col um nul tipl exer 138, nmenory device 100 both

corhmandsrtp tcarry qutrepditwiiite wad othen ppavetiansy Thrqual extepnal gddress
external devices and receives data sent by externa

intetéack d 66, winiches ®upleddo contreg hagiy 13, megmory device d0dTeceives
Control logic 130 coordi nates the carrying out of

addresvepdpdsifyiag eihichomemaryeoedés) mathic metogy arrayt BV zre énvbbved in read,
either wiwth or wi thout addresses and/or other

writd R 1Bér PRratiefe| Viaduph extepnhedat@intathde @58, wiitke if @apled to at
156. The nenory cells of nenory array 110 are

leag’crc%m&ﬁﬁn bh18xdr Wa8 Ah8RHSI RARE 180 bt insi@d@aditrieved from
colums, such that control "l ogic 130 selects portions

me?‘fgg}g?ﬁrﬁ I}/]t(?trore%/enél% éﬁF{'iQeéoeﬁld%@e?@e%%tzf RnCBY EMedHE dFices to be

e or o

stored in memory array 110.

[0009] Control logic 130 coordinates the carrying out of commands received via
external control interface 154, either with or without addresses and/or other information
received via external address interface 156. The memory cells of memory array 110 are
organized into a two dimensional array of rows and columns, such that control logic 130
selects portions of memory array 110 to be accessed to carry out a read, write or other
operation by sending row addresses to row address decoder 134 and column addresses to
column address decoder 136, both of which are coupled to control logic 130. Row address
decoder 134 decodes the row address received from control logic 130 and uses the

decoded row address to select a row of memory cells within memory array 110 for access.
4
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operation by sending row addresses to row address
decoder 134 and col umm addresses to col unm address
waelemsmies41136, both of which are coupl ed to cone@DS2004/021216
| ogi ¢ 130. Row address decoder 134 decodes the row
address received fromcontrol logic 130 and uses the
~decoded row address to select a row of nenory cells
Similatlyi eplwpnedgress deggder 156 fdgeodss thesolummpgdgpgsyrecedpd fpgm control
address decoder 136 decodes the col umm address
logicel36i and aisésrtberdenmded odlumpgiddres8® cantioldass colhmndeelgoleger 138 (to
columm address to control data colum nultiplexer 138
which @oWfircdidessk dsgodad iB s sodsled)de selé@Gnémonyae(se dont the row of
select nmenory cell(s) fromthe row of nmenory cells
meSBhEsd8 delbted Br@fddi@sss dbecduians Idcteas. access. [0010]
MaKi ng up part of control logic 130 is refresh control

001091 € MAGK MY Bhtt SLEBROL WiRlie/ 1 307K rd Rsh @Utré196g18 980 which
[ oggrationgyg%grefresh rgﬁg of menory cerls %ﬁthixlw

seléﬁ%&%aﬁgﬁ Mt rbhstt Htratfng tTRIFEEHr A dTaNdhsydRNawiRit@emory
preserved in response to requests to carry out refresh
operati.ons t : i '
arraaglelé)a}b%tsaa? natl ﬁrag glgei‘(lg rndgtfagg gg Rr%gﬁ‘ér@(? irngtaé]s%o?nlsée {)‘:(?feégﬁtgsfsdto carry
nse t.o the

device or .inr assage of ‘s
outgPEebOBPTAIREY WALRFVATCTSPh PPorUat i ogBiPriad un rostltf pespiving o
request, refresh control logic 140 first t erm nes
comBmAR PGB (GVEOF WriP SRS (o MRS P A haRAgned
~ data to be preserved. |f a rom1request? to, be ..
intqruglof simedripgeringt aniaierd regiieH exefIReh epaire f%loole‘% first determines if a
preserved, refresh | ogic 140 does not carry out the
row wnestéd tofperafi¢shad rmared ag kaving dntetoshepreseryesk (163 gow requested
| ogic 140 "ignores" the request), thereby avoiding
to henefedsd & ndtynarkéday hpwingrdatatorbefpresstyed, refiasht logic Hibadoes not
not have data that is to be preserved. herwise, if a
carFyouut tiesieBetiesheratidaeon i resh@tessanceprekiesh lngichiahdi ignode’ dhe
to be preserved, then refresh control |ogic 140 uses

rqugéﬂ, M@%@oﬂﬁ\?ﬁﬁfecéﬁ&ﬂ QsHelpR&kr thefieeve ffw tRIBGEE not have

S requested to be refreshed in a manner not unlike

dath B & b %\Q’P%se%ﬁp DYher&ideSith3owebRekied td Be REreIsdas sfdked as
as part of a read or wite operation. The selection

o405 % T 100 ks ot 134
to %g%k&g aﬁgvlaoﬁ 8%’6?1‘?0‘3%2:6]13%6%&%'& tg%g%f}[esﬂgél fnqaemglgl%r hét unlike how a
row of memory cells is selected to be accessed as part of a read or write operation. The
selection and marking of rows as either having data to be preserved, or not, is carried out
by an external device (not shown) to which memory device 100 is coupled, and from
which memory device 100 receives commands causing one or more rows to be marked as
either having data to be preserved or not.

[0011] When memory device 100 operates in a non-reduced power mode, refresh
control logic 140 selectively carries out commands received via external control interface

154 from an external device to refresh one or more rows of memory cells within memory

array 110. In an embodiment where a command received via external control interface
5
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whi ch menory device 100 recei ves commands causi ng one
or nore rows to be nmarked as either having data to be
w@e@smeoosed or not. [0011] When menory devi ce 1POI/US2004/021216
operates in a non-reduced power node, refresh contro
| ogi c 140 selectively carries out commands received
via external control interface 154 from an externa
154de\eaige otba rediesi> 8PETaiRN 15 ECHRFRRANICH Y %?flng’]éﬁ%%th&} gxternal
within nmenory array 110. In an enbodi nent where a
contohingerbace d 64 and/dr eiternabaddresainteréeerldb of Aspgoificwrsio keo
carry out a refresh operation is acconpani ed by an
refiesteidoitliin metionp agghy &X0, ¢havmiw adsingss of therspecified row Bgprovided to
and/ or external address interface 156 of a specific
row &Wirés9 decodee i 3eshwettchihe BpevifiehmmyfoarefeghihgGf the hew iomarked as
address of the specified rowis provided to row

188 & vlesesievedl 34 ahotheedsddihbe wiRe€h tothah@vededied via
re reshing if the rowis marked as having data to be

extEh&E&ht gpmtérﬁc@rﬂ% Reda dir it MG BcnEidiFan indication of

received via external control interface 154 to carry

a pe(ﬁﬁ&tllg L5 {85 ek sh@ teg %9 W%Jﬁ% ¥ cdnfid] R)%ﬁd ﬁﬂ) nﬁfwﬂes a

ar row e re counter 142

Tow %% ress Col?otg\? A Sehrg esrhgﬁ &Q&d%fé%\g%ad ﬁ%%ﬁﬂﬁt%? ?42‘ 8 r@wded

142 I} rOM/a ess ron1coun

i.S r ovided to r add d 4 t

to oYz ﬁ%%dsrsﬂ%‘*nta SOk Pois i Shman LA Ry RabRkgrls g
data to be preserved ardless of wheth

dat e PRIV RRERLIEPs 25 NERUFREY k{3t o Ex@seraéﬁmiawmg data to

counter 142 is then increnented so as to provi
be pugerried, cooveralidris thenfingremerted po pelomspdde prpther row address for use
subsequent occurrence of such a refresh command in
in rekyionke toce subsequsniseviréncedf st efresthtdemprdrinr yhigewp cew is
100 operates in a reduced power node, such as
specRldf r ef resh” node, refresh control |ogic 140
selectively carries out the refreshing of rows of

[00T2]TOr YWERE hismoay E@REITI00sdperatyd ihnauduced popti mgde,isach as "self-
commands recei ved from an external device. In such a

ref e%i%sde ROYRE cBRES:10£018d §éleétf¥/%ly/\éatrﬂ”'éslhﬁ efo e bsteans ks of
ogi ¢ 140 provides a row address for a row to be

mehly ggiﬂ,eﬁjutoﬁd?lqoﬁsw, SvifhBUt FOHHERS viaToRrdd 8belv@d O an external
device. In such a reduced power mode, counter 142 within refresh control logic 140
provides a row address for a row to be refreshed, and this row address is provided to row
address decoder 134 to select a row for refreshing if that row is marked as having data to
be preserved. Regardless of whether a row is marked as having data to be preserved, or
not, counter 142 is incremented to provide another row address for use in a subsequent
refresh operation.

[0013] In some embodiments, marking buffer 144 makes up part of refresh control
logic 140 and maintains marking data concerning which rows of memory cells within
memory array 110 are marked as having data to be preserved and which rows are not, and

refresh control logic 140 accesses marking buffer 144 to determine if a refresh operation
6
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address decoder 134 to select a row for refreshing if
that rowis marked as having data to be preserved.
woe@anoizess of whether a row is marked as havi POI/tis1084/021216
to be preserved, or not, counter 142 is increnented to
provi de anot her row address for use in a subsequent
refresh operation. [0013] In_sone enbodi nents rki n%
shop gk eeperfoamedran 8 LINeH 1pHr OF Bt FRIQTRRYATREARS o Such 5{1%0?% ts, an
and mai ntai ns mar ki ng data concerni ng whi ch rows of
exteraaindeyiceaolisledia miemoredayice H0rteapsmite 2 gpamege ke gagsone or more
having data to be preserved and which rows are not,
rovand nicefiore slhvice 100, alsingagiombiioacd easted limas koupledotafeiktarnal
144 to determine if a refresh operati onshould be
conpr@l frddriird 160 add gddress linevwcouplediotextermal addressviaterfate dHSto select
of such enbodi nents, an external device coupled to

mafBPBMTF Y §8bd APitteh W ith nfarking ABTRRE ni@kdBidoranere@f the rows
nore rows of nmenory device 100, using a conbination of

Witﬁ@}ﬁ%rggxfad.é%?q 16 %lk' Rhffg Hfa %(?(Bcg pR3&rve B hed. Tt Ha§bkdks marking

ess |1 nes coupled to external address

sl D LA R A5\ R SR L b0t oy

S one or nore o

 thi _
o2t 0 TRORE, 200 AR ABESi £9,
altf‘gl;fg%’lg y(,e gdﬁﬁoyegeset pﬁrlﬁ%rg?r\tg)c%ga{ é%?qvﬁ&%ﬂ@ﬁ%ﬁ#y l}ﬁ%? gltgi?’ltg rd%la lines

interface 154 and/or external address interface 156,
coupteddpresiernal dolamterfage Ivdy be that marking data is

provided to nenory device using data |lines coupled to

[00d4} er daloth¢aembpdimentsapree amBore[rows af memogy ells within memory array
enbodi nents, one or nore rows of menory cells within

11harnilycaed mymdit@iramerkild dataindibating whiohtraiva areampikag as having
data indicating which rows are nmarked as havi ng data

dath @ BepRs@seal mridviaiokl rows arh nobvis same vadatiorsof sacheembodiments, an
vari ations of such enbodi nents, an external device

extGRHPAR L RuPRARS MhedRYy 86/idDM0 tARHME b Svrite Womireind oorweinglat least
to wite at |l east a portion of a row in which marking

a pBRioR df 8 réRRA wWifidh nARIHE ek @ &kp Wit haakihd @ath hadicAAME it one or
nore rows has data to be preserved, or not. Such a

motd 10 120 IBRE bEPYesERbd, Qndt. PiRh AGHite command may follow a protocol

and have timings similar to those employed in write commands for the normal writing of
data to other memory cells within memory device 100 that are not used to store marking
data. Alternatively, in other variations, an external device coupled to memory device 100
transmits a command to mark one or more rows of memory device 100, using a
combination of control lines coupled to external control interface 154 and address lines
coupled to external address interface 156 to select a row and/or column(s) within a row to
be written with marking data that marks one or more rows as having data to be preserved,
or not. Such a command may be configured with a protocol and/or timings differing from

those of a normal write command in an effort reduce complexity and/or the amount of
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and have timngs simlar to those enployed in wite
commands for the normal witing of data to other
woreewsgedeel | s within menory device 100 that arBCHU$2004/021216
used to store marking data. Alternatively, in other
vari ations, an external device coupled to nenory
~device 100 transmts a conmand to nark one or nore. ..
time eauiired torprsayt e gpeEand i MesRHISY et ReihpRTPY#voiding the
control lines coupled to external control interface
use bf datanuhes delmdesbtol exteseal daigpnietfageol ¥t er nal addr ess
interface 156 to select a row and/or colum(s) wthin
[0025]r owIh embedimeintstusimgvanetor meork raves efanemenyatellprmvithin wegaory array
or nore rows as having data to be preserved, or not.
110946 kora neeing detaninyhal e deahed destrdbleiforrefregh candmblogic 140 to at be
and/or timngs differing fromthose of a normal wite

at IERMPRAL Y Madduebf RbfkifiEBES 149 0Pbed dy/a Bipdlodtadhbeor marking
anount oftime required to transmt the command to

datTRAR 66N GENIRDS tRERARSPY st ntirkilg dBR. Us@apbe gt a

I nes coupled to external data interface 158. [0015]

acc\%\ﬁrﬁ%’%@& {E R Ain lrlrf‘airﬁg§ ?gﬁtag ) g@ﬁ@e foQW8ryHosEBRAENehdefation to

' nenory array tore marki'ng data, it my

e .dee desi rab| r I G1

cerggnpE SRPEGINC: A Foehitpg ook SR BIAR, nd ARG ey tp ke

0 serve as a e .of cache for.marking data r J

toodig Gieerefeamdt g PonBRi oty TPt Rat e RyhE kiR R
may be that accessing a.row.to obtain marki.n ata a

o PGS 1 BRI GORBIIEH 6 M FPESRE Sp@raLD o g o store
deternm ne whether or not a refresh operatjo 0 fl&f

coracn auirkipg brent . Gbp 3050TERABE Sk VA T SIBGHY Cads, dymay be
deemed to use too nuch power. Therefore, a row storing

desirableifogmelitg breffer 144 scbesupledimoneslirgethy td memeryaarray 110than
portion of the marking data within that row and store

ext@rngbfya interfare K68 gwhich isscoupled.to Tenacy erray 8 tireughidataseolumn
of marking buffer 144, it may be desirable for marking

multiHléeF 1384ottRathtore 08 Headhimiseofdiatacfedrh v stlacted mow haeing ayerking

110 than external data interface 158 (which is coupl ed

dath Qr/ TRARY A afhB1&Yo ﬁﬁ&iﬁ%%ﬁ%hm & aofQ ¢UPy ofwhdrkipb @4@rthan might
138) so that nore of the colums of data froma

be ﬁcggrsﬁ):f% \g eLﬂﬁ%i‘(le{?%\llﬂiﬁﬁr B4 &Lﬁ)@&ﬂ@%ﬁ%ﬁf&ﬁ%? 9 18¥8bh@PdRa ESlumn

( to store a copy of marking data
muﬁtpp%jxeﬁ %ﬂ Alternatively, it may be deemed undesirable to provide marking buffer

144 within refresh control logic 140 as a result of concerns over the amount of power
required to maintain a copy of marking data within marking buffer 144. Indeed, it may
actually prove to be more desirable to obtain marking from a row within memory array
110 as a prelude to every possible refresh operation, and in such cases, marking buffer 144
may, indeed, be coupled to memory array 110 through data column multiplexer 138.
[0016] Figure 2 is a block diagram of one embodiment employing a computer system.
Computer system 200 is, at least in part, made up of CPU (central processing unit) 210,
system logic 220, and memory devices 250a-250c. System logic 220 is coupled to CPU

210 and performs various functions in support of the execution of instructions by CPU 210
8
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be possible were marking buffer 144 coupled to nenory

array 110 through data colum nulti pl exer 138.
wa\Raosomati vel y, it may be deened undesirabl e tRPCPUS00HE21216

mar ki ng buffer 144 within refresh control |ogic 140 as

a result of concerns over the anmount of power required

~ to maintain a co of marki ng data, Wi t hj ing,.

inclpding providiag qPﬁB%ﬁ?lijIth @C??é@toaﬂg%?lnalm %F‘%F%égoatqggd:?em ?Fé%l‘éh system
desirable to obtain marking froma row wthin nenDEy

logia228ys ald@ceupled thravgh aremasy orirellep 84Q wathin systemplogic 220. CPU
operation, and in such cases, marking buffer 144 may,

210i, sycheemal Jogliee2 200andll reemony demives ¥5Qer2 ¥y ni: wm@wf@at%%r
colum nul tipl exer 138. [0016] Figure 2 is a block

conffiubgsastren 200 repahidotiuppating the optwigpnaofooanhirearadaplt ipstructions
Conputer system 200 is, at least in part, nmade up of

by €Y 210908 KR sthra s 66ddtA) Gndlidihg indfOctichy swithinlmghery22ices 250a-
and nmenory devi ces 250a-250c. Systemlogic 220 is

750e0upl ed to CPU 210 and perforns various functions in
support of the execution of instructions by CPU

[005’@0! NGk U%‘%gg _eg‘E)%}ﬂlHérft@ CPTkh AL bhaRESESPartely ésYof CPU

VIFeS > > c to which systemlodic 220 i's also

. cqQu ro : i t-Ri

incfigRa oDy R o TR b ptig SR HILD KU used

wdevi ces. 250a- 250c mak :

A e e
machi ne reada i nst ti by. CRU 210 dth .

P PSR GG ST Ry 0BT B SO A OB YBITY of

e SRAM o g vk MY e O SELB0  sinf
i ncluding a CPU capabl e of executing at_ |east_a

ratepGDR)an dofible idetavipigdDPRIfours efrfanehyappus,dypamicRAM RRAM),
set, and in other various enbodi nents, there could be

RANDbEvarivan tehgolcklds employéry DRAMBUSH imenfhss, etreidemory controller
devi ces 250a-250c could be any of a variety of types

2o PR g Bpkopase miafes Mg atdneare.
whi B Rmd BRI g;oqeg g?‘éégfté’ﬁl%%dg YOAH, 6 ﬁxggb@ F DRAMLGf: least a

vari ous enpl oyi ng a RAMBUS(tm i nterface,
por%E)r? of %%nn% or%z%@ﬁé 8% rlngrrnory devices 250a-250c¢ are organized in rows and

columns in two dimensional memory arrays, such as memory arrays 251a-251c. To access
a memory cell in any of memory arrays 251a-251c, at least a row address to select a row
of memory cells from among multiple rows making up an array, and a column address to
select a subset of the memory cells of the selected row for access must be specified. As
those skilled in the art will recognize, the depiction of a triplet of memory devices in
Figure 2, namely memory devices 250a-250c, is but an example of a memory system that
could accompany a CPU, and that a larger or smaller number of memory devices could be
used without departing from the spirit and scope of the present invention as hereinafter

claimed.
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240 provides logic 220 with an appropriate interface
for nmenory device 250a-250c, whatever the DRAM type.
w®e®pioes4t he wi de variety of possible types of PORBEL004021216
| east a portion of the nmenory cells of menory devices
250a- 250c are organized in rows and columms in two
di mnensi onal nenory arrays, such as nenory arrays
[00P8]1a- DSdame dobediments, wysteaniogie 228115 coupledhip el prevides,CPU 210
arrays 25la-251c, at least a row address to select a
witlh aweess torseorageydevidel 260 foyovhicindatg and/bt ingirectionnusanigh b gtagpge
an array, and a colum address to select a subset of
medil €6 MBIpHY acedshel. dhddadpinssehrahewdiments, storagermedia 20% carries
be specified. As those skilled in the art wl|l

madt@EQstedeble IRBusteRis €6 boBxdlited biyrCRW 210 af caveer@PY 210 to mark one
devices in Figure 2, nanely nenory devices 250a-250c,

or thére Rvs AALEABRLE BfviRs TBORY 305 %htBER dontdini@ b to be preserved,
acconpany a CPU, "and that a larger or smaller nunber

or Ifofrtf AT ¥ dggc\ffg‘é&.s Sfb?éﬁg?m?ﬁa Y EHhaol BRHET HRRRIVakies) dfitPes

e spirit and scope e present 1'nvention as

herei nafter . cl ai.ned. ' :

baspo s Bpots AT T aing S it STRRE g L A EStand,

. _access to devi ce 260.b ich dat /

incfifG R BN Ba By of SrugloBurae B Opgy T ik tae.
accessed. Indeed, in sone enbodi nents, storage rr.eFIi a

senpePnOBIOF IEFIORE CHIRECET GESOFIEDT ALPIRGE OF Bier PAtepaD ofb-
executed by CPU 210 to cause CPU 210 to mark on? r

[0089) e AosemoEmhpdmenFoRnVeLEJilCBEMIBNELVIt RS U8 CR¥R ?f&o system
containing data to be preserved, or not, as will be

logibex6r(bbettier [Brovfagepmtad isystes 20Rhgndafrogidgs gerage f@rqa initial series
variety of types based on any of a wide variety of

of ihgeltiohogicestedat 4 Himseviskidotputer systére 260 is aithiet "reset” or initialized
under stand, including CD or DVD ROVbrmagnetic or

(foPSahpad, vilics komFREn 8jstero P00 Gaturdedbn" dratpewered up") to perform tasks
sem conductor nmenory, characters or perforations on

nedd8P & dp&ﬁar@%&ﬁf)ut@ﬁﬁﬁfejnﬁtoo R @orrh A @8] Inl Jon®OrRiations of such
enbodi ments, nonvolatile nenory device 230 is coupl ed

emggcgsﬂéﬁ{s eﬁBolrlqgﬁiglizga%@n (P kesRliAg of Bakibutef sﬁf@iﬂ)g@(ﬁ ICTY 21 ®Mcesses

and "provi des storage for an initial series of

no@ggattllﬁeg r%ef;nt%ﬁg crle%c%%t()ecg & tlﬁlgﬁti:ﬁtzlg g) GOORUEES topRb&E memory

reset or 1ni

controller 240 for normal use in providing CPU 210 with access to memory devices 250a-
250c. It may be that these same retrieved instructions are executed to prepare system logic
220 for normal use in providing access to storage device 260 and whatever form of storage
media 261 may be used by storage device 260.

[0020] Regardless of the source of a sequence of instructions to be executed by CPU
210 at the time of initialization or reset of computer system 200, CPU 210 is caused to
initialize memory devices 250a-250c for use, including configuring refresh logic 254a-
254c and accompanying storage for marking data to mark row(s) of memory within at
least one of memory devices 250a-250c as either having data to be preserved through the

carrying out of refresh operations, or not. In one embodiment where refresh logic 254a of
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(for exanple, when conputer system 200 is "turned on"
or "powered up") to performtasks needed to prepare
we vpeeinl syst em 200 for normal use. | n sone VBCT/HS10041621216
of such enbodi ments, upon initialization or resetting
of conputer system 200, CPU 210 accesses nonvol atile
menory device 230 to retrieve _instructions (o be s
memewcdivias 2502 preomordesmatking b 28pt K stornaking fgiaapecitying
use in providing CPU 210 with access to nenory devices
whi2hGaws @5Pemott caliayvithin miaorst #reaye2 Harpeniain date oy preserved, CPU
instructions are executed to prepare systemlogic 220
210f sy bocamed b ehel exeqrtioniodiangqueacesSinsioudioos togescdesney
260 and what ever form of storage nedia 261 may be used
con¥ 116t DI0aE Grad it cematads il ]atRegasdbysievist 260@ tosinitiatiee
of a sequence of instructions to be executed by CPU

entgdOw Ahin ki BRrfRf 24921 th ladtdte whér@hoGbw SSiin SbmoeyPude251a are
system 200, U 210 is caused to initialize nmenory

maﬁ%? irag gﬁwﬁ% glé\g %ggﬁ gﬂje@érvé’(ﬁ €n anBhHeH B fRAT WHLE réfesh logic 254a

254c and acconpanyi ng storage for

inc%é#a%%q%%%l%ybﬁl 854 Js%%gﬂcé}g% rﬁﬁ?ﬁﬁg ?ﬂ? .eo?omﬁﬁbc?ﬁorh%ﬁé br more

evi ces C as avi ng data

oS PLERSY S5 RRE A a ROy PPt gmor
consgRC a2 SR S5 SR8 LSRRG B2 B e maring

rows of nmenory cells wthin nmenmg arr 51a ntain .

datagndion waB be prissSi A lEPITONy R BEONEILERE Hipdihgore marking
execution of a sequence of instructions to use nenory

datg tma stolel vtero AV witkin ARARATY aEraYrAa hfare arkest asgiat hayigg data to be
menory device 250a to initialize entries within

presavéd. niy stilifahethep&Bhodiment wheae eefidisk legindS4aolees wht inperporate a
menory array 25la are narked as having data to be

mafliifs Biff@duch fs makidebufeniosh, IGHT 2 hmag alsefheestisclldgiclioose rows
254a i ncorporates marking buffer 255a as a cache for

foriBE K NeritPindrkak @itd ecll/b iaMatinie e Afieniary @cllOirows ubédnto store
menory array 25la, CPU 210 nmay be caused to cooperate

ma#é'ﬁ% J4VE T4 ¥tafeORihdro MVﬁr wAH@ rﬁ&n&?%ﬁ%? 264 gle rhaRéd)s Wt having

ry array 25la w be used to store marking data

e caused to initialize nenory cells of
anf 3Oty

€ used to store narking
[0021] During normal operation of computer system 200, CPU 210 executes

instructions causing CPU 210 to write data (perhaps including instructions) into one or
more rows making up a memory array within a memory device, such as memory array
251a of memory device 250a. Prior to or coincident with writing such data into a row
within memory device 250a, CPU 210 is further caused to transmit a command through
memory controller 240 to memory device 250a to mark the row into which such data is
being written as having data to be preserved. In an embodiment where marking data is
stored in a buffer separate from memory array 251a, such as marking buffer 255a, a
portion of marking buffer 255a will be written to mark that row as having data to be

preserved. In another embodiment where marking data is stored in row(s) within memory
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data to a state where rows within nenory array 25l a

are marked as not having data to be preserved. In
warioshoampt her enbodi ment where refresh | ogi c POHESIH0€621216

not incorporate a marking buffer such as marking

buf fer 255a, CPU 210 may al so be caused to choose rows

for use in storing marking data and/or initializing
arrayEifinya petibs of mravpitswhish enarlong dateds staradi i heayiaitenfonark the

state where rows within nenory array 251a are nmarked
rovéistawhichadwiarigbelag sriten ke hprieg date saibe pserydd. DA B Fepult, when

normal operation of conputer system 200, CPU 210
refr@é%ﬁl@%ic%él_h Rséithee boramandailsi memGREoROllerdAfrtd refreshtlat row,

(perhaps including instructions) into one or nore rows
speBRIAING o vhen AREWtYr Rithidlteféshibgic 254epmnidesevowaddesch

as nenory array 25la of nmenory device 250a. Prior to

IR GG ] Ity i it @rrded @M refrtdh Ibgi
SIS RS A g o g

25%@?0@%n thesB a&$5o?fégj£br{aﬁr£?lﬁ)¥h£99\tvf 1l @dterdtifle Eﬁt a refresh

eévi ce a to nmar ow i nto whi ch suc

data i s hei it [
on S SR P A Bl e RSB e S u
buf f er separ@%F fromnmenory array 25la, such as

refﬁ?ﬁfﬁ?ﬁg@“%’lﬂr’f ®¥5a, a portion of marking buffer 255a

Wi e witten to nark that row as [ a to, be

[008blos o Aiusthe nowaHRRFR IO OB HER T Tae L0 ik 1 Bl

~ stored in rows) within nenory | larray 25la, a

insyaetions nausingsCPYW 1P o ekt #rEeTRmARd Hueueh wewpiy; qogtrgjlpy 240 to
be witten to mark the row into which data is being

mewtoiy deviceadStady inragk o aova as nothevisealstatodg proservgdy & g mbodiment
when refresh logic 254a is either conmanded by nenory

whe@harkingaiata?id Gtoral inef ugfeh sephzte from mepewi driayadSilg, sugh as
when a counter within refresh | ogic 254a provi des a

maFlQHy BEEsreSSa spgatiby bh@atkial buffen2a5a il bererritikee with a value
refresh operation is to be carried out, refresh |ogic

maﬁﬁﬂ?tﬁ% Fdw 8PhIHAvinB AlafBb bk E&s@@%& Dodrotisp endodigneno where
that row, will determne that a refresh operation

ma?l%%’ h&ajtﬁ 3&%‘%@}1'1% g??gﬁgg{ei rg@s QuthiSReddry Ardyeigiashpédioh of a row
in which marking data is stored will be written with a value marking that row as not
having data to be preserved. As a result, when refresh logic 254a is either commanded by
memory controller 240 to refresh that row, specifically, or when a counter within refresh
logic 254a provides a row address specifying that row at a time when a refresh operation is
to be carried out, refresh logic 254a will obtain the marking data corresponding to that
row, will determine that a refresh operation should not be carried out to refresh that row,
and will refrain from carrying out a refresh operation on that row.

[0023] In some embodiments, when computer system 200 is in a reduced power state,
memory devices making up computer system 200, such as memory device 250a, receive a

command from memory controller 240 to enter a reduced power state such as a self refresh

state in which at least some of the interactions taking place between memory controller
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refresh operation on that row [0022] During nornal
operation of conputer system 200, CPU 210 executes
W0 p@b0usti ons causing CPU 210 to transmt a coPEENS2004/021216
t hrough nenory controller 240 to nenory device 250a to
mark a row as not having data to be preserved. In an
enbodi ment where marking data is stored in a buff85.
240cad aneanery fdeies AePmayring rospabepesation pcogpULeE s X5ty 2V 1n a non-
buffer 255a, a portion of marking buffer 255a will _be
reduseidtpioever sWtetveasey Durmgreucik i sejf-rafeesh siol, memesy dawios APa must
data to be preserved. |In another enbodi nent where
auterRMkdusly datyaut sfssoopetationsdo ecfomsh noweof memon ¢dhls nvithin memory
menory array 25la, a portion of a row in which marking
arrd A58 a) dSEQIRE thvehrry b&r avefirtstespenitioh tarefedshe gieenkiongmay be
that row as not having data to be preserved. As a

genbRfed By a YiRRer aeh pRIBehARES 48l dfingd within refestelogdie5hy,
menory controller 240 to refresh that row,

instggcgrgf %éé%e%é’ive@ﬁoffﬂﬁéh@ry%ﬂﬁbﬁ& 240t fbs?@ﬁs%@é BadhQ@ipgest to

: es a row address specifying that row at a
{ . ' (= j
carty T R bR S sRRR Sl o PLPURERGAE! hitheRtated a row
corre din o that row. W, ] iy
e EERTReR oo aeRisamirthiny U RN BiAns Phoiftized buffer
that row, apd wi_ll refrain fromcarrying out ar h
sucaﬁér%ﬂfl%bkbﬁe&%vgéﬁ Of 89&51"{ r@b%?"?aﬁe ¥ méﬁ%&‘iymgﬂgﬁo
when conputer system 200 is . in a feduged r state
deteraring if tpipvebat hﬁﬁt&eﬁ@rwﬁe%mﬂieé P{f“s“glég éﬁﬁlg‘%\ég a%ﬁ%‘ﬂn%@ata to be
menory device 250a, receive a conmand from nenory .
presasved: dI therropfor whicaratreruest haschgermage ifesarst it @ refigsh opsration is
a self refresh state in which at |east sone of the
maiketl @s hating dsta také pgpspived ¢hdnshovessresimeparatjorcisiearrisd qu, Zageby
and nmenory devi ce 250a during normal operation of

helgiaERe t@ursHhat thencaiionts of thatmw &dwotksp dMberveisgtibthe eaw dor which
During such a self-refresh state, nmenory devi ce 250a

sucHuStqRut RROIBYFlale fafot Yhatkdld o &hviagdanpe bapieaset ahen the
refresh rows of nenory cells within nenory array 25l a,

reﬁ%moﬁé‘-&}tﬁﬁg $iof QurG@ bk, out a refresh operation to

refresh a given row nmay be generated by a counter at a
[002é]zg,etﬁéﬁgerbeg al UV ENA ofPmBoditRenttd.t BY Bath @it 8510 deGtbserved is
being written to a row of memory cells in a memory device, or as data that is to be
preserved is about to be written to a row of memory cells at 310, that row is marked as
having data to be preserved at 320 if that row is not already so marked. In one
embodiment, a CPU executes a series instructions making up a portion of monitoring
software that at least monitors accesses made to a memory device by the CPU as the CPU
executes another series of instructions, and the monitoring software causes the CPU to
mark one or more of those rows of as having data to be preserved.
[0025] Figure 4 is another flow chart of embodiments. During the normal operation

of an electronic device, as a row marked as having data to be preserved ceases to have data

that actually is to be preserved at 410, that row is marked as not having data to be
13
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i nstead of being received frommnenory controller 240.
In response to each request to carry out a refresh
woep@satidan to refresh a row for which the counP@r/ukme4/021216
generated a row address, refresh | ogic 254a accesses
mar ki ng data, whether wthin a specialized buffer such
as marking buffer 255a or within rows allocated w thin
preseevastat 430r hyompambodimenfes 6P erECHiESs ¢ BRELOS dRgiusHENSfaEking up a
been requested to be refreshed is marked as having
portiat af moniveriny sedwravethat tfledshmonisavs tlur despediion of depatiens of
has been nade to carry out a refresh operation is
blodayr dfederasy g \inbthetl &dries b insrugiions being dxedutiehbyt the CPU, and the
refresh operation is carried out, thereby helping to
mofBisritlgesoftRate duGesaBOTPNL B Bdrkiohabr idye 6f e wa@if ab Astthaving data to
O herwise, if the row for. which such a request has

?éﬂvéaﬁééghé §%ﬂBEatfH%f&qgca@i§n§‘é‘ﬁ/618&sQﬁh?e_rﬁ&y B&sult in one or more
reserved, then the refresh operation is not carried

f. [ . ' art of enbodi nents.
ro“%\;ho 3{1%%%%?1@ gé’x{ngg g%thgor E%éﬂr@\%&?s being witten to a

Bt BB TR Sl o

refr{e{ W? %V gg{[r]g%ag: geléiss)yiﬂgg %g@répg\é%%%ée? eﬁ? rIrrl§ g(\?vmlgémrl%giiiments,
i Ea, S0, TRTkeS, |1 ohd enoodl o 3 R SHSHLES B,

software that at |east nonitors accesses nmade to a
thiswemessyisdisuereted by a pantepyithin 3 memepUIeiesRIeREng fptaddresses of
series of instructions, and the nonitoring software
roveausefseshbbaiCRglaninteayals, sneh asrwhasreememopshdayicerip i siduged
having data to be preserved. [0025] Figure 4 is
powagrahdder (sfidhoay ac'lself tefedsh bmbde) AETR0s a cieekiingatlhes teowhether or not
operation of an electronic device, as a row nmarked as
thah@w RendRéPad Vi repdoeeseoeds ébtht ool dymarkatias hindhg data to
actually is to be preserved at 410, that row is marked

be B2sd¥9kd, v tH8 a datdh bBela Ol RSRFrIEhudbn 420 roW Bt S3TR
enbodi nent, a CPU executes a series instructions

[OOFZES P q?&gﬁll'e@ 6B Yl Gﬂ"aég tinfiRD b Sfah R Rfbb WIS Sablofng the

tors the al ocatTon of Ioca_tl ons of | ocks
tralgsgr(neigs‘g&g @%g%g%?@%fmgﬁgyf@g.oEotﬂﬁ‘gﬁ%tdaaﬂﬁi SLU8ct the

transmission of a marking command to one or more memory devices to mark a row of

memory cells as either having data to be preserved, or not. Although these figures and the
accompanying discussion center on embodiments of memory buses on which transactions
take place that are synchronized to a clock signal, it will be readily understood by those
skilled in the art that other embodiments may employ other forms of timing coordination
or may be asynchronous.

[0028] Referring to Figure 6a, in one embodiment configured to have timings
compatible with one or more known SDRAM interfaces, a marking command is
embedded within an activate command, creating a combined command to one or more

memory devices to both activate a specific row for access, and mark that row as either
14
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nmoni toring software causes the CPU to mark one or nore

of rows of as not having data to be preserved as the
waeleabhosat i on of [ocations of blocks of nenoryPCEES2004/021216

in one or nore rows no |longer actually having data to

be preserved. [0026] Figure 5 is still another flow

ghart of enbodi nents. At 510, _a request to refresh a
havinglats torhermsesgried) psnati PhthaughRignye 6 9nd dig accP@panyiag.

In sonme enbodi nents, this request is nade by a device
dis@istion fiaius bo embedding y nueking eomaadd iwithin freactmsc@maHIds other

this request is generated by a counter within a nenory
emistRin6Sts Bag\enthilngnbieddingddnakspsconfmandwsithio onebr moheether

regul ar intervals, such as when a nenory device is in
pos8iblefsintRshdB OWe SR ialiBHE bf Aish an embbdinteat, masidditivoalejommand

At 520, a check is nmade as to whether or not that row

sigmhal [IABHSS e ABANEN \SeSaltmal et SRcoRBERY @M lihés Adimallpwsed with
I's markéd as having data to be preserved, then the a

lmo{vgﬁ@w Hﬁéﬁ&c:iegnSﬁ&l Cﬁ%{glﬁhﬁﬁapéiéna@ Niné HAY sﬁﬁﬁﬂ’y%f% w&Pto double

] gures ba an are timng diagrans o
o SRS RO A L i 0 o
coso i) 35, ST TR 0.0 Bt e o
puppipladdiasdaKies soRBNBan gﬁe%b%{dgg RO By oL g iber of

enbodi ments of nmenpry buses on which transactions take
posgiblecrreexistingpoammamdenr oni zed to a clock signal, it will
be readily understood by those skilled in the art that
[0039her Thehotiehisartsmissign @tyrtm asfiveterrommandnitly pmbedged gnarking
coordi nation or may be asynchronous. [0028] Referring
cothmatd gy be escedad yrepredttednimednumberfaf glackdransitines/en the CK and
timngs conpatible with one or nore known SDRAM
-CK Rigl a6 etvitebifld pognis 68Tramdl68 Sineritield de trandmiksion aficommands,
activate command, creating a conbi ned conmand to one
ad RbssBPEEIFRRAREDIBRY ifGREddd0 dEhbing Wi thiatimirg mneicirhérts obmgiven
for access, and mark that row as eitherhaving data to

SDRAM i SRAA LD/ R mdd¥ry dbVibd aiehichittiios, Bdeanskédisdocated. The

accompanyl ng
activate command and embedded marking command are transmitted at time point 688, and

coincident with the transmission of these commands in one variation of such an
embodiment, bank address signals BAO and BA1 transmit the bank address of the bank in
which the affected row is located (if the given memory device(s) have multiple banks),
and address signals A0-A11 are used to specify the affected row within that bank.
Another predetermined number of clock transitions of the CK and -CK signal lines
between time points 288 and 289 in which, again, no activity occurs may follow the
transmission of the precharge command, if needed.

[0030] Referring to Figure 6b, in another embodiment similar to that depicted in
Figure 6a, and also configured to have timings compatible with one or more known

synchronous DRAM interfaces, a marking command is embedded within a data access
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di scussion focus on enbedding a marking conmand within

an activate conmand, other embodi ments may entail
weedsdaisng a marking command within one or nmorBCOUBIEN4/021216

possi bl e conmands. I n sone variations of such an

enbodi ment, an additional comand signal Iine may be

added to a preexisting set of command sig lin
commundpich ag g @eRdMItWTiR ﬁ@mmasmwmtaé‘rm%{] dg one ot

additional signal line my sinply be used to double

mott heenmyidevices todioflf wadnt weighdrinded ik thearvpavelvehinythe data
encoded on the now increased set of command signal

accdsk EsitheAhbreing dbiavte by preservbd,am natl dilthouglaFigirg fhlang thig
may sol ely serve the purpose of addi ng marking

accSRPABNMSdissss6h estde dn enbedding a harldny cofirand withér a déta access
possi bl'e preexisting commands. [0029] The act ual

con‘hﬁé’i‘]r(‘ls mhélsérﬁﬁbd?ﬁqeﬁ@ e ntaldrebedamFaneaiiigcopmhedtiethin one or
ki ng command may be preceded by a predet er m ned

rnmﬁ%ﬂﬂﬁ g&dgkggﬁwhagns!tlons on the CK and -CK signa
ihes DBet ween t1 e poi nts 687 and 688 in which no

[00%{]6”1S g]%,(lltﬁgl fe 5&?%9&%@% daROLEES S6Rinfhd YakPeiBEdR8d marking

oface ot ing on the timng requirenments
lve r

o A SRR BB AE  P, FEIREN o ot

e 20 ST UL L0, SR 06 1 SREAR o e

transm ssi on of these conmands |n one arlatl
poitia GRS Bh CHb GEADEEHED. BArRICRAR BES ST GR A COBRHTY efgesses or
transmt the bank address of the bank in which th
datafakecplect, ifoweiled, Hersading qi the tipdng;feguienents pla giwgn 39&6&1\4
have nmul ti pl e banks), and address signals AOGAI 1 are
intaufaeelatdiorsipembiyydeyive infihech thel rovo e bé adsessed pad mpred is located.
Anot her predeterm ned nunber of clock transitions of
Thé N GdtcaNEead@f vaitgnalmmameis tlaesmited at fime ppiit 088, apggoincident
and 289 in which, again, no activity occurs may follow
w1tﬁ Iﬂﬁe ARSI cBSIrARis @bmbdaad i e airgdos ofsmhdn enfbodaeehihank
0030] Referring to Figure 6b, in another enbodi nent

add%és@slg%ﬁlst%(j hat pAeRiaGiBae thebank address of the bank in which the affected

row is located (if the given memory device(s) have multiple banks), and address signals
A0 up to A9 (depending on the number of available columns) are used to specify the
column(s) within the affected row within that bank to be accessed.

[0032] Also coincident with the transmission of the data access command is the
transmission of a high state on address signal A11, thereby indicating that a marking
command to mark the affected row either as having data to be preserved, or not, is
embedded within the data access command. In some variations of such an embodiment,
there may be provided a way of indicating whether the embedded marking command is
meant to mark the affected row as having data to be preserved, or not. Alternatively, in
other variations of such an embodiment, such a use of address signal A11 may be made as

part of a protocol in which embedding a marking command with a write command is to be
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Figure 6a, and also configured to have tim ngs
conpatible with one or nore known synchronous DRAM
WO niosnbéaees, a mar ki ng command i s enbedded w tPCTIUS2004/021216
data accesscommand, such as a read or wite conmmand,
creating a conbined command to one or nore nmenory
. devices to both read or wite data, and _mark the row, ;
interprotsteed command telaask te @ilseted oV ps hurngdyp iy beipteseryed, while
be preserved, or not. Although Figure 6b and this
emlseddimgpremyiking alinsoaskwith a freaduronunansip tulbl nteraretasiasiafgmmand
command within a data access conmand, other
to redrR kil 4rfsetes] romyasat Ailingddte tobareserned. Kiurder ovmeident with the
wi thin one or nore other possible commands. [0031] The
trarRGlisédtin SR 84t S&deociimandiabp ba drasmsminsivared adigihstate on
enbedded mar ki ng conmand nay agai n be preceded and/ or

addr@k |s%W§ldAp0’, tRree 8 caliNethanA 86 pre@hargt 06niaha s Elbsoths row
on the CK and - signal |lines between tine points 687

afte? ﬁﬁje vﬁaﬁgﬁcc@&q{ag el E@ri?@&ﬁtrﬁaﬂ%e 3Reh 68Bedde8 ShBE theelath access

) j no transm ssion of “‘conmands, addresses or
at a, takeg place, if needed, depending on the tim ng
Cm?@ﬁﬂ%?%ﬁgﬁts of a given SDRAM i nterface and/or nenory

vice in ich the .row to he ces : 1Sy
10038k o dthergiabeiipin dfltich fy By PETEERRE o BREKR e phicn
transmtted at ti oi nt 688, and coinci dent w
com s AP o B SO A o e
an enbodi nent, bank address si ls B BAI . .
made trpyampta R ReRIDI M ESIOgHM § &%BEW% mirfachs, including,
affected rowis located (if the given menory device(s)
buthvaw Gmitedl t¢, phecuseankly widely #sefddPBs@riants 04 s¥nchayous 9%&91\4
(dependi ng on the nunber of available columms) are
inter&eds. t Despite céfbrentdseao ¢l usarof 8 speuiifihisignal fime afuch e addressdine All,
within that bank to be accessed. [0032] Also

thos@ilANédianhe Wit tHIl thudily revognizs shad anypéombieatitat e coueas! and/or
command is the transm ssion of a high state on address

ad @b @R@nalites thiiebdiiplofel Pattengipdiatof aansmiikingg markirgmebmmand
to mark the affected row either as having data to be

BB oSSR i b s o
spirit and scope of the present invention as hereinafter claimed.

[0034] Figure 7 is a block diagram of another embodiment employing a computer
system. Not unlike computer system 200 of Figure 2, computer system 700 is, at least in
part, made up of CPU 710, system logic 720, and memory devices 750a-750c. System
logic 720 is coupled to CPU 710 and performs various functions in support of the
execution of instructions by CPU 710 including providing CPU 710 with access to
memory devices 750a-750c to which system logic 720 is also coupled through memory
controller 740 within system logic 720 and memory bus 780. CPU 710, system logic 720
and memory devices 750a-750c make up a form of core for computer system 700 capable

of supporting the execution of machine readable instructions by CPU 710 and the storage

of data, including instructions, within memory devices 750a-750c.
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there may be provided a way of indicating whether the
enbedded marki ng conmand is neant to mark the affected
WO owsass3levi ng data to be preserved, or not. PCT/US2004/021216
Alternatively, in other variations of such an
enbodi nent, such a use of address signal Al may be
made as part of a protocol in which enheddi négda
[003fdr ki Ag was tivaende m%woalmw £¥sterB AR VAEOYsembodiments of
beinterpreted as a command to mark the affected row as
corpater sgptetn 7’801 GPB I 1P covldbeady ofinivimets obBigs AHCRUnEERIORY
command with a read conmand is to be interpreted as a
devivesTs0ad7 300 conldbetdny cdbfvedetydf tymes a§ DRAMhand mgmest epngreller
be preserved. Further coincident with the transm ssion
74090106 10gic T 206aEE Gpomiat intyfabe fdreermorgrismics §50a750c
a high state on address signal A O thereby indicating

throhgﬁﬁne%{brﬁ BhLO79U, SaRRNELthe DRENCLypO Ak Gfge tlitled mWhatttevill
the data access has been carried out may have been

recf%gz%g?x% ?iﬁiﬁ‘ftcﬁgﬁ gfn‘% Eg;ll«g@btf AT § ﬁ&i@égfﬁ%%ilreaﬁ n¥@kly- memory

ments depicted in gures 6a and

devitRs gé@%@ﬂlgies%% af LxRUIE B £ QTR AR Blat B0 SESrRIa0aICPU,

) used ransm t ng command werée

e.to prono interoperabi Lity. W : :

and Qe Grb T TR B Hidnbny kil ot B rthout departing
limted to, the rrently widely used vari,ants of

frolgylafcqnfawsscmaﬁ%ﬁw@mé@. ORI ITSIAREES (o the
use of a specific signal |jne,_such as address l.i.ne

(003611 , ~Emoune erbpdiswnisnsysiven IEic TA0F Coupled ‘io;ﬁ‘“ﬁé’é?)‘aﬂ?sz%m 710

_that any conbination of comrand and/or address. signal

with heness tajores davecipdbyhuhich Aeta gud/pbEstragtions sasied OF istyase
a marking command and/or providing interoperabilit

medih 761 enaysiciangesBiiRandvhem txeowict fhy (£P 1@ phrmashepuse @Rdﬂé) to
spirit and scope of the present invention as

mafteireionafdre roved withiedneth@93Myicks Filae7SPcias edhdslconteining data to be
di agram of anot her enbodi ment enpl oying a conputer

preSerodde BF nd¥ohs will bekdesedtaautSesragy sicdian280 @nayf offang wif @ wide variety of
conmputer system 700 is, at least in part, nmade up of

typ&dsdd On asy f LM deA@iCty A echAD 88 AP iosél SMile@h the art will
Oa- 750c.” System |l ogi'c 720 is coupled to CPU 710 and

und2 I AR YA LRBS AR haRR1dile RIBREY devide 130is coupled to system

logic 720 (or other part of computer system 700) and provides storage for an initial series
of instructions executed at a time when computer system 700 is either reset or initialized to
perform tasks needed to prepare computer system 700 for normal use, which may entail
preparing memory controller 740 for normal use in providing CPU 710 with access to
memory devices 750a-750c, and/or preparing system logic 720 for normal use in
providing access to storage device 760 and whatever form of storage media 761 may be
used by storage device 760.

[0037] Regardless of the source of a sequence of instructions to be executed by CPU
710 at the time of initialization or reset of computer system 700, CPU 710 is caused to

initialize memory devices 750a-750c for use, including configuring memory controller
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execution of instructions by CPU 710 i ncl udi ng
providing CPU 710 with access to nenory devi ces
W@ REOTIBOC t o which systemlogic 720 is al so ceapUsm04/021216
t hrough nenory controller 740 within system |l ogic 720
and nmenory bus 780. CPU 710, systemlogic 720 and
menory devi ces 750a- 750c make up_ a _form of cor ftor
74Omdmﬁr1§mg§>y§fﬁ’é?ﬁ5m6h@d]@%?lé{ camrgléﬁgﬂéptt? At FV(®) of memory
execution of machi ne readabl e instructions by CPU 710
witleindt teast ome of ageooy derdees, 750adb0eianejthenbaving a3 e be Pfeser"ed
W thin nmenory devices 750a-750c. [ 0035] As was the case
throtigh bhecamyingeout ©f séfeesh 2Perations, viamato (P UePibatayrbe caused by the
conmput er system 700, CPU 710 could be any of a variety
exeBiitidnydTe@SseqliencPbY indB OGNS teiitidise ¢htbias Wil menkis eTeariys to a
of a variety of types of DRAM and nenory controller
statz 4R RViodRSwikiRg bfe d2Mo dffin@RogRBEOPTS RLES licnremiated as
for nenory device 750a-750c through nenory bus 780,

havmgat?a?é’ﬁrb 8scPRAM type. As those skilled in the art
recogni ze, the depiction of a triplet of nenory

[00? v 8 an@ no%ﬂﬂ%ekﬂoﬂ%ﬁ!} ﬁ@t‘gy s¥nf R, ¢8R 7@&e@§@§

n=éxa ' stemt hat coul
mStﬁ‘F ?Wﬁn‘gﬁar 111@6@3153;6 o ge atd} 9? {ntc E%Lgcgtlto?g)mﬁ one or

the spirit and scope of t resent nvent
MOFFOB HAFLRg VR TICROGY a‘[f@o@gﬁmfarfn%ﬂ@ i%&uﬂ%@‘%ﬁ %‘?em"ry array
system |l ogic 720 is_ coupled.tq,and provij.des
75hgiaf mm%@w@ 73Q% rBiif t@ U FURCIGHY “6@‘ I%S‘Hgtpd&taéﬂg’/ v
instructions carried by storage nedia 761
withinoeerseny, dezivd MhsrCRIX ai@ tsefigrthgy ceytgdfq it %a& E%ta aBY
710 to mark one or nore rows w thin nenory deV| ces
madGaEbiER 4450 miatihthe rewvitiimmeonaemay ¢ lsdnjorwkich vedh data is
or not, as will be described. Storage nedia 261 may of
beidg) Wrﬂfan as Wadeg datn ikeby prefertyheds daselt, wirenamgmofy enivotler 740 is
variety of technologies as those skilled in the art

to dMnirhaddNE Stoangithinim&A aetah a1 aediesieshednuehaty bentroller 740
menory device 730 is coupled to systemlogic 720 (or

wilPbhieh 1Hﬁ{<fnngataCf?Giﬁ%ﬁkln@%ﬁi@méfﬁﬁ)ld@kﬂﬁy ROV inteBed as having data
storage for an initial series of instructions executed

to l?et r?s W 2g(¥t}ﬁ?& RO TR Ene FH® LRINCIRP71 Pwid fuBEsaus &PRImAk as
having data to be preserved. Memory controller 740 will then transmit a row address
identifying that row with the refresh command to memory device 750a, causing memory
device 750a to carry out a refresh operation on that specific row within memory array
751a.

[0039] During normal operation of computer system 700, CPU 710 executes
instructions causing CPU 710 to write marking data into marking buffer 745 to mark a row
within a memory array, such as memory array 751a of memory device 750a, as not having
data to be preserved. As a result, when memory controller 740 is to command that a row
within memory array 751a be refreshed, memory controller 740 will obtain marking data

from marking buffer 745 to identify a row marked as having data to be preserved, and the
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performtasks needed to prepare conputer system 700

for normal use, which may entail preparing nenory
w@omsoedsker 740 for normal use in providi ng CPRCTLS2004/021216

with access to nenory devices 750a-750c, and/or

preparing systemlogic 720 for normal use in providing

access to storage device 760 and what ever form of
idettfordage witldies ro8/lothenthiethe vag thay CRLLT Wywagiust @asedg mark as

[ 0037] Regardl ess of the source of a sequence of
notihaging dataitobs ptesetved.eMemere dorsyoliePTH T will then ttaasmit ggowfaddress

initialization or reset of conputer system 700, CPU
ideri#9ingShaanise dow Qvithniht eftdsi eommerand yo dhewriocye deviSOZ50a5CmIsing

for use, including configuring nenory controller740
meRBE, dBide 7502 RYELrBF ot TefbdhlipRratieon that 8pédifit taay withih memory

mark row(s) of nenory within at | east one of nenory
arr%p}@'lg;es 750a- 750c as either having data to be

reserved through the carrying out of refresh

rat] i -

10030E itk S o Bt Kher pon e BRUEFENIPS SN rdcied poyyor state
meg{c}%éél%%e#rﬁgﬁ‘c@%%ﬁ%o@nh@@g%&%&&%06431051%s ‘?he?ﬁ@’g ?gwgg §50d)Qeceive a

" havi i menmory arrays c are

mar ked as havi n _ -
co%p%g&o%?rg%ﬁ%y&%ngsﬁ%jﬁg 49 gptglrsfgget éﬁ%&%@@ S}%rals Q9elf refresh
oo ERBB ST b HTaRGh Rt BB 05vIva e st o Rl Py ot

making up a menory array within a menory device,_suc
refizsh pparetions de refiestrsows ofmemenyraplly é@ﬁhabm?l}sll%}{ arpsy; bylay %{E‘
or coincident with witing such data into a row within
requestorocacty\iut @ refEeh op@rtipy borefreshf aigiv e rove B3y b geaeraler 0¥ 2
mar ki ng data into marking buffer 745 to mark the row
coudtdrhat b prederemined istyrvabdftimenwithishiefrbshslogie T$4e.dnstsaded begng
witten as having data to be preserved. As a result,
receR8d {ERIMEM0BORntelIbET407 Hndes uitlikeanemarydiet frat2 582 pHRigure 2,
within nmenory array 75l1a be refreshed, nenory

Jo 181 of HRribrylde Pl 250k d6%E kbfithvd atrdark @BulkE khétgory device
refﬁ:ﬁ’l?%g?émsaoto iderkt iefy a row marked as ha\?i(gnmg dat a tory

75%2%55? ﬁeg‘xfersﬂ & rovg.?&fﬂﬁﬁsmirﬁglg‘é‘?fay BB s Rt GHwIHEM roflOwithin

caused to mar

memory array 751a are marked in marking buffer 745 as having data to be preserved, and
which rows are not. This may be necessitated by the need to conserve power by ceasing at
least some forms of interaction between memory controller 740 and memory device 750a,
as is normally done as part of entering a self-refresh state, as would be known to those
skilled in the art.

[0041] The invention has been described in conjunction with the preferred
embodiment. It is evident that numerous alternatives, modifications, variations and uses
will be apparent to those skilled in the art in light of the foregoing description. It will be
understood by those skilled in the art that the present invention may be practiced in
support of various types of electronic devices with various possible memory devices in

which the memory cells repeatedly require some form of "refreshing" or other regular
20



having data to be preserved. Menory controller 740

wll then transmt a row address identifying that row
wWOowRak/0odsel ref resh conmand to nenory devi ce 750BCT/US2004/021216

causi ng nenory device 750a to carry out a refresh

operation on that specific row wthin nmenory array

751a. [0039] During normal operation_of. c ut er
maiglgsanemagioty iopurer 10 peyerfhe los Hgé%t%:c:%ti"%}}]r@%g’gﬁé}“ﬁﬁr s by

710 to wite marking data into marking buffer 745 %o )
thosemskiled in the and thafi the preseniorventien BiFy bspesrtised MeTwBPYrt aF ¢lggfronic

751a of nmenory device 750a, as not having data_ to be
deviRees@ENhdn cAapaer 8tents, suvk enaudiorpidgo entertpinicat deyaess; gontroller

to command that a row within nmenory array 75la be
devicel reedhedes, BERAYescontroldd ey eldetdnid ¢itcudtht, @ian nar ki ng

data frommarking buffer 745 to identify a row marked

as having data to be preserved, and theidentified row

will be a row other than the one that CPU 710 was j ust

caused to mark as not having data to be preserved.

Menory controller 740 will then transmt a row address

identifying that other rowwith the refresh conmand to

menory devi ce 750a, causing nmenory device 750a to

carry out a refresh operation on that specific row

Wi thin nmenory array 751a. [0040] In sone enbodi nents,

when conputer system 700 is in a reduced power state,

menory devi ces nmaki ng up conputer system 700, such as

menory device 750a, receive a comuand from nmenory

controller 740 to enter a reduced power state such as

a self refresh state. During such a self-refresh

state, nmenory device 750a nust autononously carry out

refresh operations to refresh rows of nmenory cells

wWithin nmenory array 75la, and requests to carry out a

refresh operation to refresh a given row may be

generated by a counter at a predeterm ned interval of

time within refresh logic 754a, instead of being

received fromnmenory controller 740. Since, unlike

menory device 250a of Figure 2, refresh |ogic 754a of

menory devi ce 750a does not have a marking buffer,

menory devi ce
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750a may refresh all rows within nmenory array 75l a,
regardl ess of which rows within nmenory array 75la are
worasog@eb3sn mar ki ng buffer 745 as havi ng data tPCDES2004/021216
preserved, and which rows are not. This may be
necessitated by the need to conserve power by ceasing
at |l east sone forns of interaction between nenory
CLABMSrol l er 740 and nmenory device 750a, as is normally
done as part of entering a self-refresh state, as
Wheids ceihed 8hown to those skilled in the art. [0041] The
i nvention has been described in conjunction with the
preferred enbodinent. It is evident that numerous
natives, nodi.fications, variations and uses wl |

|
L. ﬁet%mﬁ‘s%ﬁwﬂ?&% skilled in the art in light of
the f i o | pali
t nLBSERY i) R ALY plhollbl oPE HARAMARR phlity of

at present 1 nvention

: ' {d support of various types of
o Rl Aol

elec ces with various possible nmenory

devy £8sihdbyiirGhrind@n TR WISCH RNGalfeMnyory @glls within the
some formof "refreshing" or other regul armai ntenance

me6iyl tidyark MaBfedes hkeingiierenbe pheelvedandf data. It will
al so be understood by those skilled in the art that )
t hea pifiesieRigid toweltiindy refieshe row af ticowdy cellssfisgpw ipmarked in
el ectroni c devices other than conputer systens such as

the anatking buffecasdray gngtdatatodstpresemiedes, control | er devi ces
in vehicles, appliances controlled by electronic
circuitry, etc. CLAIMS What is clained is: 1. An
apparatus conprising: a menory array havi a .

2. bl UTbe SRORraRS GhskeRy D Sue CBRBHRRE R THIAREed0 Bt qormand to
of rows_of nultjgle nmenor, cellsgug mar ki ng buffer

carst GRiergiresh QRERIOR OR SOB LRI Y ¢ of menmory cells

within the nenory array are narked as having data to
be preserved; and a refresh logic to selectively

refpesh a r IBIRINer G iSintdr fabdIR dofBahred Rt aRalue
3. t he&ﬁ%?%aﬁﬁa%éjﬁ({l%lr as eé@ﬁlr%eslgat aa to be %r eserved.
accompanying the command to carry out a refresh operation identifying a specific row of

memory cells on which to selectively carry out the commanded refresh operation.

4. The apparatus of claim 2, wherein the refresh logic further comprises a counter to
provide a value identifying a specific row of memory cells on which to selectively carry
out the commanded refresh operation in response to receiving the command to carry out a

refresh operation on a row of memory cells.
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2. The apparatus of claim1, further conprising an
interface to receive a command to carry out a refresh
wo@p@saoizen on a row of nenory cells. 3. The app&ar/as2984/021216
of claim2, wherein the interface is configured to
recei ve a val ue acconpanying the command to carry out
a refresh operation identifying a specific row of
5. nerBreenpetaus of laimile Frrthsr s@NRiEENgel y carry out the
commanded refresh operati 4, Thg appar at us, of %{%{m
e whic

>, aigiegiane {TecHug § BURTRBG LA HAPCOAYeT Sat 1)
gL 5, B e e 00X 5 S .

;: ggy% nded rtéj S{O&?%gar f@ueegiﬁ%ﬁtggirnig%rségﬁﬁg g@? g%’ Ifhg%ﬁ)gﬁ icéélilsrtglwwhich to
SR 5P oA G e ftcitani

in&?w?%@Hﬁﬁd power state in which commands to carry out a

refresh operation are not accepted from an externa

device; and a counter to provide a value identifying a
specific row of nmenory cells on which to selectively
6. cartThe phratus diclLmh, apereid themmarkingemyfilon seotmprisédof one or more
passage of a predetermned interval of time. 6. The
rovapfaieaiorg cels @ingirivitl, theleneirnatriye mar ki ng buffer is
conprised of one or nore rows of nenory cells
conprising the nmenory array. 7. An apparatus
conprising: a CPU;, a nenory device having a plurality
7. mendapPRERIUS CONPAFNZed into a plurality of rows of
nulth@le menory cells, and having an interface to
recéffF;a command to mark a row of menory cells as not

havi ng datg t.o be.preservyed. and a.enor Qptr.o -
coupPERY g?)Vdf%hatV %%ﬁﬂ@ﬁ'@%ﬂgf%g%%@?ég% aa[%l hﬁ'hty of
confiqgured to transn .CO t r [
rov&fsdal}lpélﬁﬁplg Ipeawrgfceﬁ% ﬁ%‘? {/13‘8@ Fgﬁﬁg%facg t6 PR B TUMnPRN 6 Srark a
row of memory cells as not having data to be preserved; and
a memory controller coupled to both the CPU and the memory device, and

configured to transmit a command to the memory device to mark a row of memory cells as

not having data to be preserved.
8. The apparatus of claim 7, wherein the memory device further comprises a refresh
logic that is configured to refrain from refreshing a row of memory cells marked as not

having data to be preserved despite a request to refresh that row of memory cells.

9. The apparatus of claim 8, wherein the memory device receives the request from the

memory controller to refresh a specific row of memory cells.
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not having data to be preserved. 8. The apparatus of
claim?7, wherein the menory device further conprises a

Wo edoseats4l ogi c that is configured to refrain fPENUS2004/021216
refreshing a row of nenory cells nmarked as not havi ng
dat a ;o be preserved despite a request to refresh that
row of menory cells. 9. The apparatus, of clai ,

10. thgme iapparhies péelainy 8dwherein therdiesl L H CP@@H&%‘[%% pter to
the menpry controller to refresh a specific row

providgysy §ddeess 0§ 2 1o O HEMEEY, solfsipEShaie g F?Heé{, t"mrﬁg?sél?‘{ﬁattrﬁvev of
refresh logic is conprised of a counter to provide an

nwngg&p@@g of a row of nenory cells to generate a request
to refresh that row of nmenory cells. 11. The apparatus
of claim7, wherein the nmenory controller is further

11. f g %%ﬁf)zgrgtru% \%f E(:)f{aﬁﬁ 5 nivhet%ingﬁggﬁgg)r% ColthflchRMftHerdRVifigered to

mefrory ¢ aving data to be

trangrglﬁ?iecg)ﬁﬁﬁaéﬂqg tiiBemblyaddvaeo afark R eoweiBieyhodigvélbeasihaving data

ured to receive the command to mark a row of

to bggfgééﬁ(/e@ 6hd FeafiteFadd ¢Tahélafemolpddidcenis esnfigeed tolRceire the
thod conprising: transmtting a conmand to nark a
conlr@Wdab nEIR fyw O hiesnony télismshaninguiata tddeipreserrsdhavi ng
no data to be preserved; and selectively refraining
fromcarrying out a refresh operation on a row of
memory cells within the nmemory device if the row of
12. menometloel dosnprsingar ked as not having data to be

preserved despite receiving a request to carry out a. .
r eftrazsittipg pgpmorNg o ORI DY OE@%@PW E“é’lsl"%“. in § miepygyy device as

met hod of claim 12, further conprising: transmtting a
hanﬁ?a‘}P@aiOd’erﬂPf’r@f‘éPdééK’/&of menory cells within the )

menory .device .as having data .to ;
e ! P RLF R oo
cellcs: %Ji‘!h?n ﬁ\fetrrrl]elnglortyl?igvfgg M5 row of memory cells is marked as not having data to
be preserved despite receiving a request to carry out a refresh operation on a row of

memory cells.

13.  The method of claim 12, further comprising:

transmitting a command to mark a row of memory cells within the memory device
as having data to be preserved; and

carrying out a refresh operation on a row of memory cells within the memory
device if the row of memory cells is marked as having data to be preserved in response to

receiving a request to carry out a refresh operation on a row of memory cells.

14.  The method of claim 12, wherein receiving a request to carry out a refresh
operation on a row of memory cells comprises the memory device receiving a request
transmitted by a device external to the memory device to carry out a refresh operation on a

row of memory cells.
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device if the row of menory cells is marked as having
data to be preserved in response to receiving a

WO e@ameed34t 0 carry out a refresh operation on aPeDUSID4/021216
menory cells. 14. The nethod of claim 12, wherein
receiving a request to carry out a refresh operation
on a row of nenory cells conprises the nenory device
receiving a request transmtted by a device external

to the nmenory device to carry out a refresh ogera%ri gn
15.on Bhamethed ofelain §2.ceRqrein reccIvipg @ Fequseido GFITY: PUS 44C15S

wherein receiving a request to carry ouyt. refresh. .
OPEFHSOR A IV THSTPORY Cehs FIRRSPS éslﬁr%t"{go‘ﬁﬁliﬂflg%%mem"ry device a
enerating within the . .nenory deyi
real oA T SR ae RO O Lo S elpY Al d3isss GnERiddby o
address gener y.a counter within the nenory
cougt riwétzl.ln%.meﬁ%e&grig?%%d of claim 15, wherein the
generating of a request to carry out a refresh
operation on a row takes place in response to the

16.MEMPLY mE@%H ©8 clafih @k Vivh&eR (RO peRfdinkloTmraquitsiocarry out a refresh
external to the nenory device to enter a reduced power

opettfinon alfw AlkePsiiédia rapoassb thememdidavianpedising g cooeand

t hat when executed by a processor within an el ectronic
frofeVdcSfee exalgd 3o tiean@haytdeoint to egen orednced novenstaie a

command to a nmenory device within the electronic

device to mark a row of menory cells within the nenory

devi ce as having data to be preserved; and vvritidwg
18.dat A madhinetdnsessivie oledivanernyprising eode loat wiea executed by a processor

_machi ne-accessi bl e medi um of cl ﬁ!wg] 18, further causing
withineanlestionisotevics; CausesTBarIeCEONe AFEMU 0 t he nemory

Sg&&@e@gig@ g%;lg@gﬁi &g%vm%&orrr}? devide vc\:i%iln%heaglec%(}nip &Vid%o mark a
row of memory cells within the memory device as having data to be preserved; and

writing data into the row of memory cells.

19.  The machine-accessible medium of claim 18, further causing the processor to:
transmit a command to the memory device to mark a row of memory cells as not having

data to be preserved.
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