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WO 20115/ 006341 PCT/ 11S2004/ 021216 METHOD AND
APPARATUS FOR PARTI AL REFRESHI NG OF DRAMS BACKGROUND
wb @3+ Conput er systens continue to be desi guadkig2004/021216

neet the two often opposing goals of increased speed
and decreased power consunption. The struggle to neet
both goals becones quite evident in the case of _
el ect MATHOOANIE APPARANTUA FORMARTIA e REBRASHING OBIIR/MS,
i ncl udi ng not ebook and handhel d conputers. As ever
nore uses for such electronic devices are found,
there is a need for ever nore processing capability,

O faster processors, nore menory, etc.

However, at the sane tinme, as ever nore uses for such
devices are found, there is an increasing desire to )
[00@Me t Rempuiee Bystasnecontinue k) ke designed in meeidhe kg pfer opposing

becone easier to transport to places where they can be
goakead inaesod spendand fewreascdpywer (a@SORPtiorhi Bhesstruggly te mges both
resulted in efforts to find ways to decrease the
goantheodmed quife epilert inrthe uaseed eleyiremic devites dueh e ppuatde temputer
of such el ectronic devices, including nenory devices.

syeawnindRBngaehesok Aed herlheldadhipigrs. cAtiewd npavasesfod ekch
(comonly referred to as "sleep nodes" or

elélaﬁjoﬁﬁrdéﬂcie%vkme%ﬁﬁﬁ therd a2 fl4@ |To@v%€ﬁ16%‘;5r@céjs§DW§aﬁiﬁw, including

enter into en not actively being used.

fa%tglipg?é%g%g, emaG ?étc.wc%rér’, demE F e Hﬁ‘l\éﬁ%sgf%? more uses for

th | ower ower no I nc I ng
subR Bk B fitaaf o frolaFplagal i i oBBbEpiEble so
RSGHTLAGHTS CEP R RIGHS BTGP ORGP DI EP i Qihin oh new
commands are regularly transmtted to DRAM devices to

fopd ¥8YSm t he function of refreshing menory cells within
M device to prevent | oss of data stored within

a DRAM de )
[00¢se Ahissiyesle hpsteswligdin efforts dxfindriyaustogleeigape theiampugt of
m ni mal amount of logic built into a DRAM device to
poaler ovquired by echDAlM cdavpenentsofsuetoelorttnmd Jeviensy ackging memory
the function of refreshing the DRAM device's nenDrY
dee ks SKndwi\EpR085L0 0834l PETnGSab0dd powansoddsqoasmonly referred
However, such approaches to reduci ng DRAM devi ce power
to @9 Mdesphodss” 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 Joss 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.



10

15

20

25

have not addressed the problem of the unnecessary
Mastjng of power to refresh large quantities of
WRHIBYYIEE| | s not containing data to be preser vRL/US2084021216
in reduced power nodes such as self refresh node. 5
BRI EF DESCRIPTICN OF THE DRAW NGS [ 0004] The objects,
@g tures, and vant ages of 1he resent i.nvention wl|
0 PHAYEE, 1i6h SRTORIHYF [REPAUAIERIRAM d EFV#Pe\B‘E‘(/?f@Pn%WUOH
follomnng detalled description in which: Figure 1 is
hayg petiaddiessgd dbs problsm efifbe annessssasnyrgignf pawer trotefresh brge
device. Figure 2 is a block diagram of an enbodi nent
quaRisies pf mgmarcesiismoteontainiizainta i lgynesedvddsevenfih ovduchdpower
of a nethod of an enbodinment. Figure 4 is a flow
modhasitchef self ndteklochodt. anot her enbodi ment. 15 Figure 5
is a flowchart of a nmethod of still another
enbodlnent Flgures 6a and 6b are tining diagrans of
At B4 ' g » bus. Figure 7 is a
block dlagran1of anot her embodi ment enpl oying a
conputer system 20 DETAI LED DESCRI PTI ON [ 0005] In
[000RE f cTHeonhijerts, dmbues, phd adyarftages plithegsesniofivention will be apparent
expl anation, numerous details are set forth in order
to dre shiliwdiio ghesart inoiou ofi thendHo simnitidilgd des@iptiod imahich; of
the present 25 invention. However, it will be apparent
to one skilled in the art that these specific details
ar eFigarelagaibledk diagoamterf droempbadimest ¢thplqyisg enhemory
i nvention as hereinafter clainmed. 2 WO 2005/ 006341
dedgs/ US20041021216 [ 00061 Enbodi nents of the present
i nvention concern_jncorporating support for Ilimting
t heFigare &dpiphlods disgrmyoi@al ¢mbedimemrempieing a cosputer
nly portions of a DRAM device having nmenory cells
SYS¢dfRt ai ning data to be preserved, and thereby reduce

t he

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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amount of power used to refresh nenory cells not

contai ni ng such data. Although the 5 foll ow ng
wdiesuesiton centers on DRAM devices, it wll becCT/us2004421216

understood by those skilled in the art that the

present invention as hereinafter clainmed my be

practiced in support of any type of nmenory device
[0098)i ngEmbpdisents afdeaiprosenbaiveytioeenesHcECcHPOBHAS SUPRASt for

mai ntained at regular intervals in order to preserve
lintitheg thecef¢sntgsof theémenylcellabsa DRAMriigics to odlylppriidnsgd a DRAM

skilled in the art that although the follow ng _
dedtsharasg aRnen tellscontinirgrasty oy brosarved, ahd chanbbycieduce the

menory cells are organized in two dinensional arrays

am@intt T WA ds 0o WoGsh rhdifo r%f&ll@ﬁ&t doatdigngeychdita. Although the
organi zed in any of a nunber of ways, including into

folﬁnﬁﬂéé tdﬁegssmnt el oVDRAM el ES ﬁm%deﬁté% tﬂBse skilted in

di mensi ons, contént-addr essabl e,

thegr?ﬁ’nat ﬁﬂg)p&lé%fl%ﬁt ofi %§ Bex%ﬁfa‘ftep élatrﬁl% ﬁle {39 a@ﬂced in suw:éort of any

SCUFFI n ceg er Sy ste
it W th
tydewgvr%ea%@w%g%%ﬁbéﬁ% 4 ﬁngsé’ﬁﬁ?%ﬁ#%ffegleéffc‘?ft&fe@“e Afocd o

practice onnecti on ther el. nic. devi
reg&.laré%f‘fé U Ry PHRSTHT %e&&ﬂ &3?{6 Bf aﬂileefstf"? BY Jhose
implified block diagram of one enbodlnent enpl o .
skt 1o @B b EauEHnG FolkVTIOE SESBSHER, CealeT @ EEmoRy faiees i
made up of nenory array 110, control logic 130, row
whinhdnemeryestlodes ortanze ol twerimanrions aarsoieva 98] cofiaas, the
colum 20 nul tiplexer 138, external control interface
mehfty celis wanhé ordized in dnyt afief muebet 56 wagndnclaging infabanks and with
data interface 158. Those skilled in the art of the
or GtRbgrineilcnEngrayragevi o, than hed dahengioDRAMhEBI-addrsssable, etc.
will readily recognize that Figure 1 provides a

Aldct hBhdupll af 1k eof tHeplioblinn diBtussiRenter ¢ makbngwithina
DRAM devi ce, and that the exact arrangenent and

corﬁg %&E@ﬁg %mfbeq%&@fb%abgmbgemkmea iPRAMre@Yi 18 phek¥nt
ced, augnented or 25 otherw se altered w thout

m\%ﬁf?@ﬁ bd e bR didifed B‘} 5/ te ]ﬁ?’éﬁé@ WP EorRiectidtewith 88RPElectronic
after °c

invention as herein |ged SpSC|f|caIIy,

h I
et %ﬁﬁ‘%%%@%‘é%%%ﬁ%@%@#ﬁgéﬁg ZoziShét “one menory array
ot “HBRRE L if DR BB i oG oé gmggo;n‘%m %hva%%?mga

di me S|on arr f.or_the s ke of

et es b aMorg RISt Tt Gup By Ppds o8 o rimosy 2y 110,

the art that the menory cells of
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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menory device 100 may be organized in any of a nunber
of ways, including having nore 5 than one nenory array
WR2083/B8¢FHe nore than one bank, or having a si ngCEUS2004/021216
menory array configured to provide the functiona
equi val ent of nultiple banks. [0008] External contro
interface 154 external address interface 156 and
ong,meaRary g A0, sugeesting deat Temnory sigwicd PO has oty gse 3 of
i nterface between nenory device 100 and externa
mejey ceHs pragnizeh swnyinglsdivostimensionad pudy fo thesakeypl gauplicity of
100. Through external control 10 interface 154, which
digcyssieru il el bourisritoas by tgbeskilial intherart yhad éva wemonQeells of
receives comrmands to carry out read, wite and ot her
mapeyakevead 00 Tirydeghrgaxzat inainy ad dmenter ohveyd, asdudibbhaving more
which is coupled to control logic 130, nenory device

thaiOéherBeRbMaaTayad @S demosPRan biid BVl Bivif@feingle memory amay
cell(s) within memory array 110 are involved in read,

colibired anptoRtdiahe ARRIiIAA %&&vafgﬁfcﬁ‘%ﬁﬁlt ?th%Rﬁ' dat a

erface 158, which is coupled to at 15 | east data

[OWAU méHdil RbA¥AintkdSee fﬁ”@@érﬂ?éﬂcﬁ‘gssjl%rfggé 256 and external data
nsmts

ata retrleved ffom nmenory array

int fﬁlceer l%%l %%g{e? %?'?ﬁ %ﬁ ﬁl(fgljfac%soe%e% rﬁgm(irifdi\é exg@g]agd external

evi ces In nenory arra

| o C di pates the carryi

dog 8Fﬁw@.‘?g§h Seh St SPEhELETRe G 196! e it Blerm pontrol

. eithe h_aor w thout addresses and/or qther

interfacs: 13 Wﬁ?ﬁ:h I gownleb o] [0itek 10 igOR A BeS 100 receives
interface 156. The nenory cells of nenory array 110

cognengds {paarReRit rerdo waite oits! efberensrasions. Zhroagh ektermphgddings
colums, such that control logic 130 selects portions

intefaceelddr Whishriayoupled tocoptroblogmski@dmemorn desicolft0 rceives
read, wite or other operation by sending row

addldshee spesying wineh atdiceyg scllilerwitbm 84 ognarayol dnane involved in read,
addresses to colum address decoder 136, both of

writh hndotheeopaained Theoughrektedhal ldagiitteif@0: 158 widcklisesspladio at
decoder 134 decodes the row address received from

leaBiOdHtd @dluinﬂghﬂtlgpﬁﬁelam HRegfory B6vicd FOPHSH tiaA¥nAd 848 $&rib@d from
select a row of nmenory cells within nenory array 110

mefniUry @ﬁ'ﬁf $%0 to éxt&@a%e@ 418 %@1v€g£t9§glg%§7/ QA Qievmes to be

col unmm address decoder 136 decodes t

mo&%hﬂqmﬁ@ggéco fgcei ved fromcontrol logic 130 and

uses col um address to control data col um
o L 938 i I e e
external control interface 154, either with or without addresses and/or other information
received via external address mterface 156. The memory cells of memory array 110 are
organized into a two dimensional array of rows and colurnns, 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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menory cells selected by row address decoder 134 for
access. 5 10010] Making up part of control |ogic 130
wo soosebéazesh control |ogic 140 which sel ecti velrgT/uS2004/021216
carries out refresh operations to refresh rows of
menory cells within nenory array 110 that are marked
as having data to be preserved in response to requests
Sintilarly acaiymn eddressedacedér 13pateacdas s colwan laddreas yegeived from control
operation is requested as a result of receiving a
logieOrvrand ubésahe decoekd eolaln alidvéss &0 amtioh date spbmweemuliflérsr 138 (to
passage of a predeterm ned 10 interval of tine

which icOBIeT 4llré8 de@iderf N3¢ is'RaplRE} to seRbr@smonoedli(9l frémghecrow of
140 first determnes if a row requested to be

mefBhy &8 8Mletd BRrESddds\@tbBs 13atfer dRefte preserved. |f

a row requested to be refreshed is not narked as

[002@;’ i ”%ﬁ&hy@%?a&%f B 'iasfgﬁéiud RIEESA doRgbFIoEA0 MOgRich

carr the refre operation on that row (in

sl ERRA G5 SRR | ARy HERRESR: of Smob PO filtin memory
have, 15.data th

a that d t t i
arrayy L@gpy&%@ n %@rq%%ggl’ngid@ta 0 Ib&Brt?sslarﬁg & te%p{ngseg(g requests to carry
o e TS $ g g 3o bR RASE Hosvin

decoder 134 to select the row of nenory cfel | s )
commeubEewdn extasaaldsyice ohEUrespPne B the passaie ot yRTSIRIETRERA

a row of nmenory cells is selected to be accessed as . .
intquealtof Gimedriggeringam wwemad repestatdfisah carieo! legie 449 fissh daigemines if a

mar ki ng of rows as either having data to be preserved,
rovofequested fosheaafreshed iombark2@ abjiadng dath v hapredeved elf(anow requested

shown) to which nmenory device 100 is coupled, and from
to BifYefBshaR DNt Ifte ke & Hftthg @eeioiespreenvminctsdiesh dogio §4ddecs not

or nore rows to be marked as either having data to be

carRf Gf Whe/RekeAl oftRhtion] @k roWIER es¥BAGY elibel Idigc 140" ignores” the
Operates in a non-reduced power node, refresh control

reqh?sgj, ﬁle}e@nazzl%i%g%ﬁmé!ss&@lgdsﬁ% er SOFIIREKIS 60 €8t \A86k not have

VI &’ exte trol Intérfac 25 154 from an

dat% g%al? ésr{\rflslv!bte%?é/sieﬁ%d.t Bihiiesh f%g% rlgﬂue@f%ﬁ% Lo Verhed B Mdr¥ed as

N menory array an enbodi nent where
ac nd recejv i ter I '
o S0 BoTad Pe b S EuFrEibiobRe Odls! FAPAAES dctoder 134
a refresh eration is ac ni e an_indication.
t0 SElOEHOB 8 BIAHTY CEBERBET b oP e o B g ot Bk how a
external address interface 156 of a specific .Efcraw t % beTh
rovy of memRBHCaMS thieleciadig by agpqsasA asert afRgeat WHtfrretatgp. 1he
the specified rowis provided to A )
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 o 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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row address decoder 134 to select the specified row
for refreshing if the rowis nmarked as 5 having data
WQ29E0WBHser ved. | n anot her enmbodi nent wher e aPcomsand021216
received via external control interface 154 to carry
out a refresh is not acconpani ed by an indication of
articul ar w to be refreshed counter 142 wit
15749 PR O AR PRAGFEONiA 6CHBRARASDYZA heiie Horifeaus h el
arowto be refreshed, and this row address from
coplphintsifaqn b54 anddersiteradl addesss Bupriearl 86 of dspesibe rosp b
select a row for refreshing if that rowis marked as
refiesied g/ithor mamaryt arrtie ), Esaoveatidrdre ghtht spsaifiod ravndst previded to
or not that row was marked as having data to be
ropraddmsy éatoderolbdt terselbdidhe spechfia iomclive nefreskitig dDthasotvds marked as
provi de another row address for use in response to a
hasttigsiacie bk passetitet e e endthersantibdaméen fwiesda eompRnd rédkived via
which no rowis specified. [0012] Wiile nenory device

exteBith] epRf A iMerfhét B4 BRHEHSuPL EFesH R a§étﬁ'§1%afi‘§e&'l§_@£ﬂ indication of

15 refresh” node, refresh control logic 1

a AR QiY@ |tr%( bE A dsBed, %Hﬁnt&h@lf \%ftﬁﬁ%@ﬁ@ﬂl é%‘htrf)?f@fﬁlcofélo provides a

nmenory cel aut ononousl'y, pronpting-v
oSSRy B SR by rogurﬁe%i;% vt
o 197 bR B ST B A TR GRRBE P S g s bavin
oD B 0w ok O B B o do

Regardl ess of whether a row is marked as havi ng data
be peeserredceyatey &4 isghen Mgremengishioes ta ppovide aneghaeretiaddress for use
to provide another row address for use in a subsequent
in yegpouss ko dpesequenh ocquogLa] of such enefreshivodimandtis whielk ko ry is
buf fer 144 nakes up part of refresh control |ogic 140
spegiftbdmai nt ai ns mar ki ng data concerni ng which rows of
menory cells within 25 nenory array 110 are nmarked as

[onayi ngwide snchorp depice $60 upsrarn th avddabed pwseran&@ld) elich as "seli-
and refresh control logic 140 accesses narking buffer

reffedl" 110d€l eEREIN ddBtrbf logic H@%@Eﬁtl@ﬂﬁ&éﬁie@ﬁut e Wireshing of rows of
2005/ 006341 PCT/ US2004/ 021216 oul d be performed on

meﬁmgjr YAR, 5@¥hoRbushe twitlldht Rﬁg:t}{ﬁr\hz%érﬁﬂﬁn@sf reS4$8d from an external

nmbodi nent's, an ‘externa i Ce coupled to nenory

i ORISR | B R8T i 14
pro%%ys a%wlalclﬁ]1%§s lﬁr%low o8 reeﬁ%s%cﬂaakd 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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control interface 154 and address lines coupled to
external address interface 156 to select 5 marking
woubisanciid4 to be witten to with marking dat a PdTa0S2004/021216
mar ks one or nore of the rows wthin nmenory array 110
as having data to be preserved, or not. It may be that
marking data is provided to nmenory device 100 usjn
shaanchb¢ phfarmed onadivemwme or adid riasemeivaaations 9 speyempodiments, an
external control interface 154 and/or external address
extbmb bddvageecolipled to menalry deviat i 0@trgnsniits axeynipand teamark one or more
mar king data is provided to nenory device using data
rowd dfefemby deoltplied, isinextanbiahticlabfconnbvElifaceufls to external
[0014] In other enbodi nents, one or nore rows of

coltRIMvreR! 159 At bhliRsBBRIhupled &Y extdrhd] Aldeesalittogfadectba 0 select
mai ntai n marking data indicating which rows are nmarked

maﬁ&aé‘ﬁ?@f&gl 449868 wirRtR8o RABSBAKRE R idhingFs'oabRr MRe of the rows
notY I n sone variations of such embodi nents, an

_ . : 1 . -
i S0, R0 SO Qo IR B i iy BB ki

e co a portio

datp ?%Vwricagﬂ%g‘ gﬁﬂﬁg”k%%h%%%e?id%@ %ﬂ%@éb%”géﬂﬂa%%%%»lgg%%es
, .S i \
colfiet estortal GanFshierig Hakloh o gogeRe b asfase dyBepr

in wite conmands faor. the norma] vvritin% of .data t )

altgnatselndpiy be bt maging d#a frravied i MERODHACHFRYS g @m lines
not used to store marking data. Alternatively, in

couplldvkto extarnalideristerfage B3& er nal devi ce coupl ed to menory
device 100 20 transmits a conmand to mark one or nore

[00dd]vs dh atsrempodianvints 0h€ Oy mosi megysaofcasmibith gellowithin memory array
control lines coupled to external control interface

11054 atlochtedlidr esiatdin masking datp ledicdimgexitiel roats e draglsst as having
interface 156 to select a row and/or colum(s) within

datd td BpiefervB®ati whicBRows kil dBRI i fgnetaliatibiesf sueh ksbodienents, an
or nore rows as having data to be preserved, or not.

extoGNdiCOTBRE BenRAy GONEE Y00 Behnsthitsh Rriff RhaBAId to write at least
and/or timngs differing from25 those of a nornal

i ] i . I . i A
SRS G e S o oo

mo&%lgsvsrheag W68 pt 8rés5§g§,r8r51to%2§u&°m gg@ééfﬁﬁﬂgﬂsf RN & Brotocol

perhaps by~ avoi ding use o

o RSBl 5 855 ipeh 936 gt g o
sl TS 5 Sk 2L 5F STt ot
datg.t A?t%matively, 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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5 at |least partially made up of marking buffer 144 to
erve as a type of cache for marking data read from
“6h%mﬁwmﬁﬁre of the rows used to store marki ng BET/&AS200¢/021216
may be that accessing a row to obtain marking data as
a prelude to every possible refresh operation to

not refres eratio uld. ..
trde R BN Hhe S D84 By Binb P TR PR Shtidipe e
d,.to use too nuch. power Ther fore a row storing
sy R A0Rb ) sy ! R BB 5% end ar | emst o
artion of the marking data within that row and store
[0Q15] ¢ oplp gupbadimpnty @SIBEPFI% pr wre ror\@ of ceesneryesl %wgtbghme@@w array
of marking buffer 144, desirabl e for
11¢vo &tpregnasiririecdata, dumenbe ée eéuabio fer rgfresdhicqanjrof togic 140 to at be
menory array 110 than external data interface 158
at leastipetiially noaigpipedt thakimgromiffer 344 wysetviOastahiypelighcathe dor marking
colunm nmultiplexer 138) so that nore of the col umms
datafrestbfremfone mr moee btk eows ovedhaviongmaetikg dgalh ey Be tiae
made available to marking buffer 144 to store a copy

acdbsifiBb ki Go ORbi g d:8his a PRIISSS thr§ posiisle FefidkdhNperation to
buffer 144 coupled to nenory array 110 through dat a

deteRhie Whellék bl R &XRbrediBSperM dntihBaldl a\éﬁ.lal'lg v affRY 1§’ ﬁeemed to take

deened undesirable to provide marking buffer

tooNoht bi/bLALSRA tﬁ Q8 fo%lml!lé-ﬁgéo%elﬁ'%h@l%fcﬁ‘e ra%‘# gt?ﬁﬂg marking data

Con%erns over i ower Lethred
ma?'ﬁ)g ac es 85)(%/ atﬁgf@ rao%{n 3&%%%3‘11%“%55%,%@%“%‘”&@ nrJ%Pgrow &ild store a

de.S|raJet rrarkln froma ro i .

o Pt o P05 By Bereergiage e Of BPe g PS4 it may be

ggjtron and i n such cases, marking buffer 144 ¥

de%ﬂﬁ gt n%@l%bﬁf%dl“ﬂ 40 he RevR)edmors ditelytin PISTRSHY ey | 0 than
colum nul tipl exer 138. [0016] Figure 2 is a bl ock

extginabdaingeriassd S8 wbishid pruniethiooysmegryareanp Qtlougl datapolumn
Conputer system 200 is, at least in part, nmade up of

mUU;HILBXec &78)r 28 thigrmens s tiregealimiung oty fres ssebtotmd rowghaving marking
220, and nmenory devi ces 250a-250c. Systemlogic 220 is

dats erephedt dvailéiielto Ribfkiag tiffar fddriostovas copysoff mmiingodga than might
support of the execution of instructions by CPU 210 8

be MIsRNODERCHBA I gRUTTeHS2D OdIZd RhfembRCdriti N0 thfodgh dafaGolumn
CPU 210 with access to nenory devi ces 250a-250c to

mulpi&ler $YSt ﬁ.[fbm'aﬁ@élﬁ 123y be debmed GadHRlrsslc EJ;%@U% HRIRTYbu ffer
controller 240 within system | ogic 220.

1445\3&1%51%%&9.‘91' c‘ong'gplogﬂzdlm ey c%ﬁéerég er %ﬁ@%rpgﬁ}ft%f YBwer

formof core conput er system capa
1eq§1&’&?@[}1@%1ﬂ%1ﬂ Q&ﬁ%&ﬁﬂ&kﬂ% Gt FRER DS %44. 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 ernbodiment employing a computer system.
Computer system 200 is, at Ieast 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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5 by CPU 210 and the storage of data, including
instructions, within nenory devices 250a- 250c. [0017]
Wonipdpedus enbodi nents, CPU 210 coul d be any JfCTAUS2604/021216
variety of types of CPU including a CPU capabl e of
executing at |least a portion of the w dely known and

used ction set, and in ath vard.ous ,.

incbmrabing, CI I SltaSHes mEMory Aanos o S0R8s which system
vari ous enbodi ments, nenory devices 250a-250c coul e

logigrd20d# also vaunled (hrepeh mepew f@mtrDH@tM‘%Onwﬂa}a.SMﬁe 981‘3%35 CPU
node (FPM, extended data out (EDO, single data rate

210( SPRM drgid dYbhiel temer—y devicas BRY-260¢ meke D & faen pheryador
dynam ¢ RAM (SDRAM, RAM of various technol ogi es

corg Gy stem EO&&p%lBUSQ’ﬂg}porﬁrgthacmccuabn of Maniming readable instructions
controller 240 provides logic 220 with an appropriate

by CRUETIaRE thostormgeor datdeivtiodind50ari2tions, withimhetreve detibes 250a-
DRAM type. Despite the wide variety of possible types

7s5¢ef DRAM at least a portion of the nenory cells of
menory devi ces 250a-250c are organi zed in rows and

lh@Yo¥ & vBHEW off f CPU
TR T e B T

LSRG S B B o
ottt 30508 Yo Bir EHBp onc
crii Fft@rr?@dui?%e ?é?%iﬁﬁfﬁow %@Cﬁi 23‘5’5?%5& H@S?%’noqgaf"ﬂ&efy of
typeseol ESM SBst T BRRIe AP AP Eegi il LGP, Shele dat

systemthat could acconpany a CPU, and that a Iarg
ratofSDReir| deubleuiatraiatediD rps gbwpinchEnepy fpagic RaMASDRAM),
wi t hout departing fromthe spirit and scope of the
RAM @8 esriousnssdnblogits ampheied o RIAMBURS oitaifavedetc.OMaBiory controller
2005/ 006341 PCT/ US2004/ 021216 [0018] In sone

(ﬁé&*& %@zz(ﬁwﬁh@m Sbhiaté et Be LRy Rleatbry Gevlbd250a-250¢,
Sfﬁges CPU 210 atj gc%esseto st or ager%Iew ce 260 by

Whm{f&rthgmrf%é) rDé %k rt}}éc&ddg r1 r(ff'p%gsﬂmé ¥R 0RBRAM, at least a

e ac essed I'n in sone
ro R 9 A A gty e

o PRI AR T 0P B BB LT s
a mbereno%rf ggllelrnvaen?z 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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or not, as will be described. Storage nedia 261 may of
an¥ of a wide variety of types based on any of a w de
WLHIOPYP3GE t echnol ogi es as those skilled in t hRCBUS2004/021216
wi || understand, including CD or DVD ROM mmgnetic or
opti cal disk, magneto-optical disk, tape,
oo B aR o e €Tk ol cru 21
.enbodi ments, nonyvol atile menory device 230 is coupled
withpeggsstia gioragsgierico 260 by whigthdsta pad/er mstredigne caried pysiarage
200) and provides storage for an initial series of
mediss 26 Lwey bnscasgesdu tedtedtin somie smbatdonents spuwrager media 26incarries
200 is either "reset"” or initialized (for exanple,
maghize-acorspibi ceins tsysioastdOexiesuted by GERU D10 toocau@CRE Hd to mark one
up") to performtasks needed to prepare conputer
or B3¢ RIWsA0Rhih eentay BYiCeST50al 27508 @B RitN@Tdontaidng d&th 16 BE Preserved,
15 enbodi nents, upon initialization or resetting of

or AGTRINET bSISEERE MoraEP ek AGRAF S5y m%&%ﬁb@ of types
e

menory device 230 to retrieve instructions to

baRYne b b QyiBE eﬁ%égaﬁ%iﬁ%{%o%ie% hotd &8 Ok %A Hg%%rstand,

use i n providing h access to nmenory devi

inchRffk CBD VDR ARY l&gﬂétgz&rt&g@ﬁ&edia?gﬁag?gﬁorééﬁ%ﬁ:ggﬁligg tapgy

uctions aré€ éxe prepar
for normal use i.n_providin ccess to storage device
sensGtndo et a5 pihrBich b PEuRIGE Piasrier ubdae i B
d st or age ,devi ce 26Q. .[0020] Regardl ess of_the
(008, c%&f’ma 65@&9%%83 &PDY‘ﬁ%@% RARGHSTIGe 830 a5 evilasdo gystem
CPU 210 at the time of initialization or reset of )
log & pthsy Bare At caypputersysten2Q03 apd pEwddas storags for an indtial series
menory devi ces 250a-250c for use, including
of iggirtatigns prRgutcdfat e sime wepinccorapiger spstam 20ds atbaripeat/iargnitialized
storage for marking data to mark row(s) of nenory
(fongxtabriphe, arthed T olmpatyr syaten 00 iettomgd deV bc Y vah@hu'S Oe pasorm tasks
ei ther having data to be preserved through the

needed toyprapare comphiter efsteas ROO fremdimoinge. O séiné vadidliofR of such
enbodi mrent where refresh logic 254a of 10 WO

emBSHmeROOTAh iR A rERAALDS cOBRIcY sPiRMh 26802598 210 accesses

i ncorporates narking buffer 255a to store narking data
nYBREd MEMBry SIG LISl IRERAN IS 1 Be Yidop
no Aery MWD ety i e &éc?:ipe% tggﬁ%{abr?a r)r/m:mory

array 251 a contain data to be preserved,

conRBIEAHREEr RYrrid] %s@?ﬁe;ﬁ%iidﬁi; Gby21§ %ﬁg]?d?:%%é% memory devices 250a-

Instructions to use ‘nenory control
250 OB, AERG S e RIS A2 B pmpy ymom i
2205%105jl };gnn% %geeinnp?mr/i%}’\rfg avc\n;:ésg it(? stgFarég rd)éwact[: 583 af%? %r%at%\rfeer 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
10
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mar ked as having data to be preserved. |In another

enbodi nent where refresh | ogic 254a incorporates
waahiifesdbuf f er 255a as a cache for marki ng datP&T/US2004/021216

obtained fromone or nore rows within nenory array

251 a, CPU 210 may be caused to cooperate wi th menory

controller 240 to choose mhlc arr
mepp1y deviFq 350gdnepaperaies marlsing bipid ﬁ% ‘% Gtobf'a{“ﬁﬂ&l% ﬁ%}ﬁ SP%W-“Y
be caused to initialize menory cells of row(s)
whighedws of Bieoi08y peliskyitiyn nepmary eay 28 baganiaip dpia i bﬁ@fesemd CPU
wWithin nmenory array 251 a are marked as not havi ng
21@imbp bt oalzed bytesereeetion ¢ffp syiittice af otshractiensiio gsgrmgmory
where refresh | ogi c 254a does not incorporate a
cormmilist 4D uffemitsivadmasls aad/ki dga bufitmor?8Gace 0 18 Difitialize
may al so be caused to choose rows for use in storing

entBY WithEl M@k pdndfep D55 Niotd Qhtk HihRe: WEeTEsywtlgh nsemdryranas 251a are
used to store 15 marking data. to a. state where rows

magﬂeﬁ Rk ﬁaﬁﬁg'aﬁﬁé t8bE %yes&%d AP ekBE RS @thehaxtiBh logic 254a
ta to be preserved. [0021] During normal operation

1n08 o?a?%%%ﬁ%fe?%gggs &D Ye gér?g i ﬁfg}ﬂa?asobthlﬁéé a6t b more

usi ng to wite at SInCUIng

ro%vlyélilyg %ie:,n onr?//)an A Db }129 519510 M m?tg %e .cgl\f’&d {;](ﬂﬁréig vAth memory

a’ nmeior SUC

a 0, 2 i ce 250 I .
ot iﬂﬁ%ﬁhﬁﬂ%@ Qﬂli’:‘ﬁma’é\f L ey e E%S.t%fe marking
menory deyice 250a, .CPU 210 is ause .
datg pmiliemney Be ComRa R Al @Wm% % D3P Pefisesip stage marking
menory device 250a to nmark the YOMIIntO whi ch such
datel it asthie WisEe FYY ST LRIGRCTRSTYHEAY 7§ | 8 atednarked as petdeagsyta to be
In an enbodi mrent where marking data is stored in a
prebarféderinstifanather tmbadimenbyherarefagshiegic 254a degs ngd incorporate a
mar ki ng buffer 255a, a 25 portion of marking buffer
maddsabwifdr sutie asunbtitienbufter?ask AL 10 owyadsotedangediatchoose rows
to be preserved. In another enbodi nent where marking

for@hed f dtSrivd MaLGng dath and/sy inalibing m@Eneiyycelld in Mrs used to store
2005/ 006341 PCT/ US201) 4/ 021216 array 251 a, a portion

maﬂ\m%adz[t@% 4 BrathivEdie B&WKWRBindAdAotySarly @526 aw hhrkdeé as not baving
ten to mark the row into which data is being

datived td asedlaving data to be preserved. As a result,
a% I%:E'Zfrf(:esh | ogic 254a is either commanded by nenory

[Oﬂv\g]gt r Qb Iﬁ'ﬁ'glaf rgthnecﬁl%oB%ﬁ{eﬂ 5PMem 29BECPTIA8] ch¥eut&r

n a counter wi |n refre 0gi ¢ 254a prOV|des a
BB PR DA B R Y B g
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 2553, 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
11
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254a will obtain the marking data corresponding to

that row wll determne that a refresh operation
WOAIVPoE: yal | y be carried out so as to refreshCT/Haton4/021216
row, and will carry out a refresh operation on that

row. [0022] During nonnal operation of conmputer system

20 CPU 210 ecutes .10 instructions causi CPU 210
SrTEd 35 Fa AT oL S BHOHT G 1 ST Y e gt dga the

menory .devi ce 250a to nmark a row as not having data to
row antg vduet day s heingridabedharag daliiadieePEf ke g aresutswhen

stored in a buffer separate fromnenory array 251 a,
refeast hogie 2547 ieither eoairnanded b anerapry spnirelter @0 ria redrash that row,

buf fer 255a. will be witten wth a value nmarking
spachfatally o wkenrrotoumderiwithinletfeesh doghe? plaggevidesia rew address

anot her enbodi nent where 15 marking data is stored in
spexifyingr thamoe at @WBnevivhén NrofRRD bycratisinls 13D carried qurtfresh logic

of arow in which marking data is stored wll be

2594 il 6Btait thémarkiMa e cHBEdpoRGink Rathat RW a6l INRernti@/hBCa refresh
data to be preserved. As a result, when refresh |l ogic

op@aiéhn ikl 4dASNTy R TRMGESLt BY as FRRBEMN SN b8 WiB 40 But a

refresh that row, specifically, or when a counter

reﬁ@sh%&a?&-a{i&{ Bﬁﬁﬁt rd0i ¢ 254a provides a row address
at

specttying t row at a tinme when a refresh operation

j 20 . i d t f ] - 2 .
1008} 27 PSR niTe hECaBithon s P o0s ERAT drsgpres
insUFirEGEGUA ¢ BUORHRERNTRAE SPBITAHd SHIVRR PTG FaRFOIIST 240 10

fromcarrying out a refresh operation on that_ row )
megep 3¢ VipG:2 &’é“@r’%édﬂ’%ﬁpg’f h R FRR Beseyed ey Pmnbodiment
Is in a reduced power state, nenory devices naking up
whetgripykig defasis starod o 2 bufeas separaie fionyngary arrgndala, such as
receive a 25 command from nenory controller 240 to
magiing bufien2§dacepbiponef netkitg bufiier? 548 vall belwrittesf wisk i value
state in which at |east sone of the interactions
matlakg tigt plvasendiébvwingriatmoe presonted ol esothdrZnwodiment where
2005/ 006341 PCT/ US2004/ 021216 240 and nmenory device

mad8fadan id 9igret O 6B oOREFea bV Rvitin BRATLY 8fraf 514 Mpdfibnl of a row
a non- reduced power state cease. During such a

in WEch ik ahtaSé Kofod WRINR Wiril&VWEE a2alR AM&ing that row as not
aut onormously carry out refresh operations to refresh

havi®y\8at?to PERREAVEE! ASa Yt WhERRREW 10?6 P29 ediifer cBRthanded by

requests to carry out a refresh operdtion to refresh a

e S L T R
Iog%%ﬁa 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
12
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i nstead of being received fromnmenory controller 240.

In response to each request to carry out a refresh
wopasabdiien to refresh a row for which the counPem/usam4/021216

generated a row address, refresh | ogic 254a accesses

mar ki ng data, whether within a specialized buffer

such as marking buffer 255a_or within rows allocated
240mindhinemeny Koy ige gﬁ Qaguriey pormaboper ¢ ioneRf SORPHEST Sy steel QU dp, 2 non-

t hat has been requested to be refreshed is marked as
redhadipogedsitia ceaseb ®urpngesich uedf-réfiesh lstata, owriay dafice B5ga must

request has been nmade to carry out a refresh operation
autbromdmBikaty ast Rfiesingpelatians io réfeeshreseofmdmotheellswighin memory

refresh operation is carried out, thereby helping to

arrfMBU R SynliRaduckid €0 600y 60 Srefiest biRfraticdWo asfeeshal givastow may be
ag‘ﬁ)ervw se,@dif theﬁf%w for which such a request has

cenB RN l%iejﬁ)uinﬁer BP4 Pf%é!ﬁﬁﬁilﬁa iRaMAaNgr t1ad dithth REresh logic 254a,

prese then the 15 refresh operation is not

i““é%%@%%&%#é@%%‘i‘{%%ﬁ% &nitolls %Of R YespBRetto@hch request to

I's to be preserved is being

witten.tpo a f 1.5.:1 j

carlu s iR opafdh © wBRRRE o Byl SOBERE K o row
witten to a_row of nmenory cel)ls at,310,.that I '

ad e ek O e asies TR OB uBroE i iotpel Bl utrer
row is _not already so marked. In one 20 enbodi ne a

suckep manang beer 2588 P BAITHONS AUOFBRLFHAE REIEY %Taﬁ;i%liao‘i‘?
of nonitorin software that at |east nonitors ..

deterpyesid g atthgs Heprerasiugstertip heaeligshed és opilyed as brunggeja to be
execut es another series of instructions, and the L

preseovidt df theagowdbit whick acagewsthastsecmade ¢ carer qut@rsiigsh operation is
nore of those rows of as having data to be preserved.

maifk00 25havigdate todbd sreserotd dhienf the vefiehiapperofioreismadiiereontsthereby
During the normal operation 25 of an electronic

helSiRY i€ @suRIL@ thoOvorTaitk of ttasrdvaricmgt Wat. adthervbise [f Geavwedr which
ceases to have data that actually is to be preserved

suchb 1'@%.\@& Hal Bted A%4d & noRbieEbdaS hAGhg @atit0 e Ppadserted, fhen i@
WO 2005/ 006341 PCT/ US2004/ 021216 preserved at 420. In

refrgﬁﬁo;%@ﬁqiiyﬁ&toar&dqfﬂﬂ executes a series instructions
maki

ng up a portion of nonitoring software that at

[OOJ’ ast L 5E § oRecHleade eﬁl%tdﬁrﬁéhtgf Ak ?&t@tﬂla‘% RS td¥e preserved is
bllocks menory by another series of Instructions
.bei ng execut ed. by the . t . ' j .
veingc gt © CaNER bl oo e DR UraP it fo v
as not having data to 5 be_preserv he .
presrau 830 6 B RBRLE P NS OB PoBeGERa R KRBy ol driped 28
in one qor nore . ,
having data to be preserved at 320 if that row is not already so marked. In one

embodiment, a CPU executes a series insiructions 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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rows no |longer actually having data to be preserved.

“1002%3{] Figure 5 is still another flow chart of
MMtk s. At 510, a request to refresh a rBGTAB2064021216
menory cells within nmenory device is received. In sone
enbodi nents, this request is made by a device
external a _nmenqry. devic nd in other enbodi nents,

VAT 4%@3[9@&1? ofisheie CHURR e AT AUORpIRmAking up a
menory devi ce providing row addresses_of rows to

POFAT SIRRIOAINE SRR bR drastimenitars dhe degliogabion o1 hegaiiess of
device is in a reduced power node (such as a "self

blecks pf BIsmosy He pnotherspoes ef ighisediions being exeoyteddyviie tR8F, and the
or not that rowis marked as having data to be

mqniesiog seldwatkcfcantee theolPUdo mmrk ene asmbrevifirgwslaf as hat habing data to
preserved, then the a refresh operation is carried out

be presthvatl as dw dehllé@bfion dB1dcBBEE] offHil@iks @8 nfetncin eesGh iAbAe or more
ti mng diagrans of enbodi nents enpl oying the

row$ A6 BigssddmigThasingnRtStodrRsRredTEMOry bus. Both
Fi gures 6a and 6b depict the transm ssion of a

[00T] Ki NEiohPEBRNGIL MofHe 8% dRNS RN ARY &?5?1%%63&;4& to

arowo menory cells as either having data t

refl¥sh %%%%‘%me%oa'? Qbis WithiAdHSo %ﬁefi%rg%‘)ééﬁéd.a{}gsc%rpee embodiments,

acconmpanyl ng scussi on center on e I men

- . iLch . transactions 20.take, pl agce that,.

i FRESS iEHBET O MO Bt R LR, ERud Ry Budhfrtpigments

(i B FoRTSARE PSRBT STHER S BHEY GV e GIIne Tow addresses of
coordjnation or may be asynchronous. [0025] Referring

rOW%tOFF%‘Eﬁiéd ghregplar s valfuah At her 8 manaTy davice isimageduced
tim n(?s conpatible with one or nore known SDRAM

powenrapdesach asz walfkelirshC smdahét 520,25 heplbisduste asite whethen or not
activate command, creating a conbi ned conmand to one

thapyovprismearkearoay ingedat tesha presravddl. e thovaieis masheabad iaving data to
row for access, and mark that row as either 14 WO

be Rid%¢d) Qg3 lic PETdIB2PdhAON 2l @thed hit\dnntatdatvant 580 be
preserved, or not. Although Figure 6a and this

[002TE ONFigyied Ga aBdIBUSS tiging aRgfane ofefiedahads ampPBfiiid e
command within an activate command, other enbodi nments

trar¥BssRIH @ SigrRIER A AGn@nSB HisNB AP PIBHESs ¢ Al 6b qeﬁicpﬂfﬁe

nore other possible commands. In sSonme variations o

trax%ﬁﬁﬁitﬁfb%ﬁ@'ﬁd%1mﬁ{8 Rl dr ANRE nfAIR ALy iRe S Yk a row of

ine may be added to a preexisting set’of command

merﬁhﬂf@lls lak BfRfSer RAGE lghth (HBE %ré@cf\}%d, 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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known SDRAM i nterfaces. Such an additional signal Iine
may sinply be used to double the nunber of different
w@orslanGs: t hat can be binary encoded on the nowCT/US2004/021216
i ncreased set of conmand signal lines. Alternatively,
such an additional signal line my solely serve the
pur pose of addi ng marki ng conmands as enbedded .
havagndenasdetmesemedobr zotn ddtbengh Figuye 08 984 BligasoeWRNETENg
commands. [0029] The actual transm ssion of the
discuediby s 6n BmbBdHing b masking ddeshamerkithig an ectivatsebmmgnd ther
preceded by a predeterm ned nunber of clock

emBbdd@nehts hRYeneil é}%d@ﬁé&ﬁﬂaﬂdz@%cﬁh@ﬁﬁ] withineme e twere other
time points 687 and 688 in which no transm ssion of

pos%i@ ands QRHERSS Gaiations 8f sichakembbliRgd, dnfaddaiaticommand
epending on the timng requirenents of a given 15

sigr%%?ﬁ@%“égtb% 3 égftoaaggjg%{eisgﬁﬁﬁ%fe ¥ IEMh &R diPnaMiinedndri@ Iy Ued with

rked 1 s | activate command and

noGRREHRH: TR0 SOl AT U0 el i
the %ﬁ%&g&@gggggggoﬁgééﬁt 3 Q:gﬁ 3’6 %ﬁfa%( ?allglﬂ’gﬁﬁ? F;? ?t%gﬂ%gmgreased set of

address of the bank_ in which e affected row i
conprpeng signal fines. pALINEFeHEE 37 Ef%&@@ﬁ §1ﬁﬂﬂj{¥’§ WA %‘ﬁ‘f}V gerve the
banks), 20 and address signals AO All are used to '
purpgrscifagding encaking commnangdnasmbedsled sammsagkto anx pfaqwmber of
predet erm ned nunber of clock transitions of the CK
posgiblt pré¥¢istingremimridmies bet ween tine points 288 and 289
in which, again, no activity occurs may follow the _
[0029jans nihe stimal ednstieiqr €thangeatormmenand with awbdéded marking
[0030] Referring to Figure 6b, in another enbodi nent

confth#fid ARy bepidiadeddsp preeeteimine bumbgrufeldik traasitions e the CK and
configured to have timngs conpatible with one or nore

-CIK BN 1irSY Bedeen aHR JaAMGENhed 638 RSwhieh fBtikhagissiomuinommands,
i s enbedded within'a data access 15 WO 2095/906341

add?&ﬂs@éﬂ&%ﬁ%&%, iFReENHI2 BEhendtbnAfe ArfifRstqRiremEnth ©f a given
conman

, creating a conbined conmand to one or nore

SDgﬁg}f lrﬁéer‘}%\éi a%?ﬁ)r h’%lrﬁr?]ﬂ% Eg\yigé‘% *Qfﬁicﬂ'rﬂilé i%vxdl%tt%z m%‘k@d h!‘:;qbbated. The

w I nvolve ata access as elther avi ng

ol 2 SRR Bl 9 Ao B, nd
o MR o 2 SR S S
em‘r\)/gdtirgiegt, ‘g:?n?c ;?drdress 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
15
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nore ot her possible conmands. [0031] The act ual

transm ssion of a data access command w th enbedded
WREPEKYIE3 4 command may again be preceded and/ or RGI/USMeH021216

by predeterm ned nunbers of clock transitions on the

CK and -CK signal |ines between tine points 687 and

688, and/or ti 10 points 688 and 689, .respectively
comTiah U #7 15R R HPLETOB a1 SEraR A SOnTb i 0GR o ohe or
data takes place, if needed,, depending.on the timnmn
moredHEPRITICES 87 Dot gradan varRata, pid Barkate r‘awml‘f?rgewfgb%/ data
device in which the rowto be accessed and marked is
access a4 eiber having daéa i@ heavessyyedy etptonlthppghalfigu b pad this
transmtted at tine point 688, and coincident wth
accoinpanying discssionrfoofs anhingeddmgeandaikingemnmand withona ddta access
such an enbodi nent, bank 15 address signals SAO and
conbBAdnd, bdrs phibotiinenbanky adsit esbedding hendrkink comnvdnidoithihene or
affected rowis located (if the given nenory
mo@th&bsdiblkdetmiadds! pl e banks), and address signals
AO up to A9 (depending on the nunber of avail able

[0086! UMSk 23h A1 #SRFhi§sRnITadatY adcBSs cdrRhbhayith eWibeBadH hiding
affected row wi thin that bank to be accessed. [0032]
confthafd A Q%ﬁg E)fés%gf{%ﬂeatnﬁgyétfgvméﬁ 5y gl.%'ae@fl?fng§ ﬁﬁg]?]a@rsstog tCleock

access Co transm’ssion o

__on. addr ess~si gna . .her,e i ndi ' t .
trangiol i B GRANCK st BB LERE ROl B fos, gndvor time
. hayj to be preserved, or not, is. enbedded,, .

poigs bhY fnd B epectivel ST bifnin nsiiosion & soRgdofirgspes or
such an enpodi nent, there nmay .be provided way o

datq s celpaen gl RAREEh AEDedERTbE FEUNSETRHIRGCRS m%ér&avqréDRAM
meant to mark the affected row as_having data to be

intepfpessand/eromempryndsiviceAp Wliighaihie yew yo be aceessegiapd gnarked is located.
variations of such an enbodi ment, such a use of o

Theatdth assssoirepdair wAitE) conyninsl ivdrissmytedpd timegfoint 688 pansestincident
i n which enbeddi ng a marking command with a wite

witlciheEnsmissicnaflies cdibnil 200k GoB84d oPETvhUBZMGHYddRER] Bank

interpreted as a cormand to mark the affected row as

addR8y kipgald B0 il BA1 paageit #rthanWhidlifss enthe danlngh which the affected
mar ki ng command with a read conmand is to be

rowl if I RERHFIRHe el nfeiRALYicd(8) MREkniIARlehRO! A 4davésasignals
not having data to be preserved. Further colncident

A0 I\g!é *({“%2 fagerpehaﬁg%ﬂ?tﬁémﬁﬂb&foftabﬁ%@é SolBRBESTe GQNBRABMhe

ansm’ssion of a high state on 5 address

confi 0Pl e 5L 0, AR AR DBE st 0 prechar ge

cl'ose
[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 comimand with a write command is to be
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after the data access has been carried out may have

been enbedded within the data access conmmand, as
WaPs5/06489331 | n the enbodi nents depicted i n FiRgOres0®2021216

and 6b, the choices of which comuand and/ or address

signal lines may be used to transmt a marking conmand
were 10 nmade to propote interoperabi]it vvlth known
interpreiash a8 HEGEERANCI TS theaatEsted 1w asdian e rstpreserved, while

limted to, the currently wi dely used DDR variants of
embsddory pmetknDRmand rathfaased comaepd isdobsfiaiermaeied ag g command
the use of a specific signal line, such as address
to thirehddffected fovsas mkibkviag dat to e passtrvaill Furtberdioineident with the
recogni ze that any conbi nati on of command and/ or
traidddést@tothe dath akbtade sonmynd magrhel thy edndnaisidihef phighaiee on
of transmtting a marking conmand 15 and/or providing

addréts %fg%@ﬁAﬁb'thél%M% Wdidatiax ik bA guioPeohafdeidininamd to@ldse the row
departing from t spirit and scope of the present

aﬂ% ﬁ%&%ﬁgté Q&G%Sha@q{egh paticg 6uf31|n§j/ ABfE bdefl %%ﬂ)@d&écg\l'&ftﬁm%hé &atd access

di agram of anot her enbodi nent enpl oying a

psystem Not unlike conputer system 200 of
001%95%[”3?%’, bonputer system 700 is, at least in part,

o8 s GHETLIANLf agEh

10 an rfor varioys functions.in_s
conipend gl @?ﬁdgq%s SRS e e O R HER g were
provi di ng CPU 710 W|th access to
mac}es@aprm@e% ipfsTqperalll 9@%@%@%@%@@% "&fsﬁs gesgincluding,
through menory controller 740 within stem | ogi.c 720
butawtilimitad toy thaeyrraty vadely rigl D%erﬁgysbjnwgﬂotﬁ
menory devi ces 750a- 750c make up a form of core for
interfanpa t Resp iy seferent@Oo dzgpess|of azpeafic sigpgldine sughtageddress line All,
execution of machi ne readable instructions by CPU 710
thosoekiildiein shomagdll rafilg at@gniza chat dingombmbetior of amspand and/or
within nmenory devices 750a-750c. 17 WO 2005/ 006341

addr¥sd s1gaRl 14 mR AR 1dmpl b PABR} (ismingse i eranasieting 4 harking command
comput er system 200, 1n various enbodi nents of

an&&'ﬂi’b‘&ﬁiﬁlgﬁﬂt% (@&amﬂy vl bxd sk g QOR 6rabign@ Rkt @epéﬁ[ﬂgeﬁ*()in the

types of U nenory devices 750a-750c could
s 11?tr5ﬁd%g?1fbedrffaffxé Efééelﬂfm\tt%ﬁgﬁ aQﬁer%ﬁMer AfighJaenory

contro provides logic 720 wth an appropriate
o T R A e

system. Ieot un\i\fke 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-750¢. 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.,
17
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recogni ze, the depiction of a triplet of nmenory

devices in Figure 7, nanely nenory devices 750a-750c,
WOI06HAK exanpl e of a menory system that coul RCT/AUS2004/021216

acconpany a CPU, and that a larger or snaller nunber

of menory devices could be used wi thout departing

fromthe spirit and scope of the present invention as
100857 o1 AT he e BB 20Us SIS G REHREHS OF
systemlogic 720 is coupled to and provides CPU 710
comyiuier sy 6PLL B0l les areo T OISty YRR i BU aREmer
instructions carried by storage nedia 761 may be
devinss &5 @3 0curaldhe anestar varisty Lo DRAMreapdeaerserycpyroller
710 to mark one or nore rows within nmenory devices
7407a0edZShgicr20eivith en apmoprdita ime fatatfar tremoey devies @50eeth0c
or not, as will be described. Storage nedia 261 nmay of

throdig}t nffmery Wud 939 avhatwer die DRAMN ppe. Pashoseokilbatyinahe art will
w de variety of technologies as those skilled in the

recé¥lizeMiel deplHBdR oF hflet dMmSANE RIRES ITRRuFe 7NRANEY Ridnldy

nmenory device 730 i's coupled’to system logic 720 (or

deviteh 95059‘?%& N bt QHRYARP 1D %Hﬁéﬂl&gg}st@ﬁ%ﬁr ¥\ FSompany a CPU,
storage forf an initial series of instructions
| . . .
and TG B pflqe PO AOHRY, (i ShETLE el Ty BbhrRpating
repare c ut er stem. 700 f.or nprmal .use,. whj ch may
fro L SAITLARASEaS of G Dreshry veslinn o PP aPefa higethor mal
use ipn providing CPU 710 with access to, nenpry .
[0036),; c &3 SorBpgmbs 1N S SHM el i Goupled &&IWAO&“%GPU 710
~for normal use in rovi di ng access to storage device
witly gereaig sitragedeics Hidhyowvhish %ﬁfa@@d/@é sirustgansparigkby storage
used by storage device 760. [0037 Reqar dl ess of the
media 6 L magfbeacewgednod when exssuteddwi Ofd 7118, bay exwse (RY 7By to
CPU 25 710 at the time of initialization or reset of
markamp ot e1ore ysrewitFRoneGRly deves 35GalEledsteithei erntdining data to be
menory devi ces 750a-750c for use, including
preseovdld] gtuiding withtsy desciitddr @tdape me8ia\¥6 120066 Ddnl6¥klwide variety of
PCT/ US2004/ 021216 740 and marking buffer 745 within
typdbIERE Vot A 60d Wale vafietyl of téainkl o e(as thadé KD ity thewirt Wil
at | east one of nenory devices 750a-750c as either

undB@¥nAY 18 8d:Re ERADBENRLAS RENRTIE erﬁiégg dbN&e B35 {oYdoliPle@4d system
of refresh operations, or not. CPU 710 may be caused

lo gl?ﬁ?{) & oth&GHI df Y3 ﬁ?&é’rﬁ %E)earﬂf pbrb)?@:é: éi%l—dg@?‘gr ﬁarpiélitial series

iral 1'ze "entries w thi n narki ng er /4
of ilgstrtrgltgécs)r\{s\'{;egirfaggg %{lé) %é*ﬁlg %ﬁe%?wﬁg%g gﬂ;sté'ﬁ‘f H80 (fsf eitlel Pkt 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 Jogic 720 for normal use
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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having data to be preserved. [0035] During nor nal
operation of conputer system 700, CPU 710 executes
W( 198%/p0g841i ons causing CPU 710 to wite data (pRCHERH04/021216
including instructions) into one or nore rows naking
up a nenory array within a nenory device, such as
menory array 10 751a of menory devi 8 750a. Prior.to
740 and pwileing belder 165t Wit neqraRrY $GBsO t7§ P prgrgr of memory
w thin nenory device 750a, CPU 710 is further caused
withimatleast ensref kiemgriodevicas750a-78¢ 44 sithephaieg data to pe pragenved
the roww thin nenory array 75l1a into which such data
through tHeehfigingrout berefiash bperationsdart ott EPHE7 Wy wee be sauseddy she
result, when nmenory controller 740 is to conmand t hat
exedutio Wf WistpicAcdBNmEudiohato hfitliae bericetvitarhedrkingbuwifer 745 to a
controller 740 15 wll obtain marking data from

statdBLK&ERG BWE H8thin g di:ambfaiTtohdiYordt afiayé TEIRKE case havitedgs
data to be preserved, perhaps the very same row t hat

' caused to mark as having data to be
o E G e

nmory controller 740 will then transmt a
oo RS uFIEhi) D it S0 1 Lo 6 080

s RORE hor 10 RV G5 GRAEE  BufY al PR BRI e o

operation of conmputer system 700, CPU 710 execu

morp FRYF Mekng aw %@%@PW&@JU"#‘%@ ABep G5V iy § Eiﬁm array
into marking buffer 745 to nmark a row .wthi menor y

751 pf mgmoréters HermBrigr & PrgPIdent Wi HHts SR SPEI0 & fow
750a, as not having data to be preserved. As a )

withie saeimory viendoe #idae £ Lok isditikar cupgd te Wrike BigtiHam datprale
arow25 within nmenory array 751 a be refreshed .

marhigethyfec o4 toahhrrthd 40v within womainatmeyr K ladnieaviich suddata is
mar ki ng buffer 745 to identify a row marked as havi ng )

beirgabatidoasiRvingader toest, prasutivddieAs A&si) G051 @0634dontroller 740 is
PCT/ US2004/ 1121216 identified roww |l be a row other

to chigfand et @Rew tWitdin GRhofE AR d5 ] disd refiasifed dmemonp céntendler 740
not having data to be preserved. Menory controller 740

winVM'bkAin 8Ang HAATAIN nEAWLALEr BSSo iddheinf h forh Rgarkédis having data
other rowwth the refresh command to nmenory device

oo o BRI MERRL el 9al 0P 110 8 0k ek
havélg%’a[aa% bé%%es%ived. 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 cansing 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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[0040] In sone enbodi nents, when conputer system 700

S in a reduced power state, nenory devices naking up
WS IeH syst em 700, such as nenory devi ce 750%T/US2004/021216

receive a conmand from nenory controller 740 to enter

a reduced power state such as a self refresh state.

., Duri su a self-refresh state, devi ce 750a

idepided B 8%%%% othgr thn fa oneyt Y 4 h%é‘:‘%ﬁ?‘@ﬁg?‘? gark as
refresh rows of nenory cells within nenory array 751a,

notdayingsigirderts preserisly Manery gopgplasHOapl g Ernspyt a row address

refresh a given row may be generated by a counter at .
ide@tiﬁimé@@tg@rn@w wigh e vefreshfcommand jp mmmony dleriss Y SPagiaBsng
754a, instead of being received from nenory
memoryt dotitec?50840 car®y oate, refiesli éqeeratiomoonythdespecidic 26 @avidhin memory
Figure 2, refresh logic 754a of nenory device 750a
arrflOEH anot have a marking buffer, nmenory device 15 750a
may refresh all rows within nenory array 751a,

[oos@par dh 88de Sbvlintts, AWen WbinPiier sySRIRTH0 & ih Atredickddower state,
are marked in marking buffer 745 as having data to be

1 ' h&mOBYdRfce 7502, receive a
o S e T
t [ '

corfand 07 ARG CoRibher a0 B HeRE ki Bad FOWERTRI & g gl rofresh

dope as rt ntering a self-ref h_st at as
statf PR B ol E e Bty B 730 BhfomofBustyoomy out

The invention h been. descri bed i.n.conjunction_wth
rofipHuORSTEHADS (R FoSh B SlaREHODtcoTls AUHT RO A% donk 810

alternatives, nodjfications, variations and _uses w]|
requRstsAR GarE Rt # Fpftenl gperalion fogglipsh 4 HwenFew may hegeneifed by a

the foregoing description. It will be understood by )
couptep gk Brefptertingd intpraalpfttim withinyeirpsielogier 7 54masterd pt being

may be practiced in 25 support of various types of
recavatirommenaydootrelleni74h. BardeowdiksosehbtyalenmeSPa of Figure 2,

devices in which the nenory cells repeatedly require
refraghne gicorSdn of menefy dshicngS0aatoeohbigdiaveagudrking BRFfevinemory device

2905/ 006341 PCT/ US2004/ 021216 nmi ntenance activity in

7508 et/ refr@stPAPHARt wik IR nle@ksy @bragl 6 fa, rédardlieds ofadlsich Bews within
understood by those skilled in the art that the

meRbESERy 7514 QR hAkeMBYmBAIRS BEfLCRS dshaSMp RIaflto®k preserved, and
el éctronic devices other than conputer Systens such

o LA R LRI By cn
teasEb L FMs Db Gaidd lyetwgérfmegu%ry 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



What is clained is: 1. An apparatus conprising: a

menory array having a plurality of nmenory cells
woergamnneadd into a plurality of rows of nulti pPeTnSaenw21216

cells; a marking buffer storing an indication of which

rows of nenory cells wthin the nenory array are

marked as having data to be preserveg'wﬁﬂ% abreféeqh ab
maihisghucetagtivisl Wcwnvdpprovent bsoss of dgiaoft $Q/ b BqeLsiped by
the rowis marked in the marking buffer_ as, having .
thostaklletdn e gut thgicihe prkser. invensionprt b rrectised ép sypport of electronic
further conprising an interface to receive a command
devic@s Gfer thapdbmputer efstasdsushes atdiofvidao eatartainnagnt gevigesy controller
cells. 3. The apparatus of claim2, wherein the
devidat &f Yasded, spslRntiionadliedby ekeirvitic airmdtryestc.
acconpanying the command to carry out a refresh
operation identifying a specific row of nenory cells
on which to selectively carry out the commanded
refresh operation. 4. The apparatus of claim 2,
wherein the refresh logic further conprises a counter
to provide a value identifying a specific row of
menory cells on which to selectively carry out the
conmanded refresh operation in response to receiving
the command to carry out a refresh operation on a row
of menory cells. 5. The apparatus of claim1, further
conprising: an interface to receive a conmand to enter
a reduced 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 menory cells on which to selectively
carry out a refresh operation in response to the
passage of a predetermned interval of tinme. 6. The
apparatus of claim11, wherein the marking buffer is
conpri sed of one or nore rows of nenory cells
conprising the nmenory array. 7. An apparatus
conprising: a CPU, a nenory device having a plurality
menory cells organized into a plurality of rows of
multiple nenory cells, and having an interface to
receive a command to mark a row of nenory cells as
not having data to be preserved; and a nenory
controller coupled to both the CPU and the nenory
device, and configured to transmt a comuand to the
menory device to mark a row of nenory cells as not
having data to be preserved. 8. The apparatus of claim
7, wherein the nmenory device further conprises a
refresh logic that is
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configured to refrain fromrefreshing a row of nenory
cells marked as not having data to be preserved
despite a request to refresh that row of nenory cells.
9. The apparatus of claim8, wherein the nenory device
receives the request fromthe nenory controller to
refresh a specific row of nenory cells. 10. The
apparatus of claim8, wherein the refresh logic is
Whatdgdaimedid: of a counter to provide an address of a row
of menory cells to generate a req uest to refresh that
1. Wp tu'ﬁ»éqfﬁqrr m@e'q emo erayﬂe@n E@y me oy | calsrﬂrgpnlzed into a
plura)if élrr) fﬁf Ity merrsp g Hj?rtn r@g@tﬂv%; %ﬁlf s of
men ithin e[1] ar ar e as havm dat e prese resh
Iog:E g‘iﬁi} éyarefr Ly eﬁn v% t kl

bprsehied as aV|n gata to be preserve
t e |nterface of the nenory device is configured to
2. The appavatud dielatromiether dotnprEiidartintetave 0 receianmeomneadl tscamrg out a
refregvipagtichaing row obeenmresdis.ved. 22

3. The apparatus of claim 2, wherein the interface is configured to receive a value 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 fo 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.

5. The apparatus of claim 1, further comprising: an interface to receive a command io enter a
reduced power state in which commands to carry out a refresh operation are not accepted from
an external device; and a counter to provide a value identifying a specific row of memory cells on
which to selectively carry out a refresh operation in response to the passage of a predetermined
interval of time.

6. The apparatus of claim 1, wherein the marking buffer is comprised of one or more rows of
memory cells comprising the memory array.

7. An apparatus comprising: a CPU; a memory device having a plurality memory cells organized
into a plurality of rows of multiple memory cells, and having an interface to receive a command fo
mark 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 o 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 {o refresh a specific row of memory cells.

10. The apparatus of claim 8, wherein the refresh logic is comprised of a counter to provide an
address of a row of memory cells to generate a request to refresh that row of memory cells.

11. The apparatus of claim 7, wherein the memory controller is further configured to transmit a
command to the memory device to mark a row of memory cells as having data to be preserved
and the interface of the memory device is configured to receive the command to mark a row of
memory cells as having data {o be preserved.
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