DRAM W TH HALF AND FULL DENSI TY OPERATI ON FI ELD The
present invention relates generally to nenory devices
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DRAM and its operation. BACKGROUND Dynami c random
access nenory (DRAM can be configured as half density
or full density. In a full density nenory, each
internal row of a nenory array allows access of a
menory cell, and each cell can be used for storage of
a unique bit of data. In a half density nmenory, each
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In current technology, the methodology exists to create parts, such as memories,
with longer refresh times. With longer refresh times, and with lower density operation such
as in half density memories, a lower operating current is used, and battery life for portable
type devices has been extended. Portable devices often do not have the requirements for a
large amount of memory, especially during most normal modes of operation. Some devices,
however, eventually use more memory, and therefore require full density memory despite the
fact that it is not always needed. When full density memory is used in components and
devices that do not need the full density memory except on certain occasions, power
consumption is high, and for limited battery power, such full time full density operation is

less than desirable, leading to shorter battery life and the like. On the other hand, certain



| ess than desirable, leading to shorter battery life
and the like. On the other hand, certainapplications,
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addressable by address circuitry, input/output circuitry to receive external data and to pass the
data to the array, and a memory controller. The memory controller operates the memory in
one of a full density or a half density mode of operation, and switches from the half density to
the full density mode of operation when half density operation does not have enough density

to accommodate all data to be written to the memory.

In still another embodiment, a processing system includes a processor and a
memory coupled to the processor to store data provided by the processor and to provide data
to the processor. The memory includes an array of memory cells addressable by address
circuitry, input/output circuitry to receive external data and to pass the data to the array, and a
memory controller. The memory controller operates the memory in one of a full density or a

half density mode of operation, and switches from the half density to the full density mode of



menory coupled to the processor to store data provided

by the processor and to provide data to the processor.
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illustration, specific embodiments in which the invention may be practiced. In the drawings,

like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes

may be made without departing from the scope of the present invention.

The following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims, along with the

full scope of equivalents to which such claims are entitled.

Figure 1 shows a structure of a full density memory 100 upon which embodiments
of the present invention can be practiced. Memory 100 comprises an array of memory cells
102 each comprising a transistor and a capacitor, which are addressed by individual internal

rows 104 and internal columns 106. These rows 104 and columns 106 as shown can access
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i nvention can be practiced. Menory 100 conprises an

array of nmenory cells 102 each conprising a transistor

and a capacitor, which are addressed by i ndivi dual
eightndetis reath hobdngldvindivitiuahpiecaall datzo | Knmesahpl, toTivaisate colh®,0, row 0

04 and col ums 106 as shown can accessei ght cells,
m“t%gwnﬂgﬁgFﬁﬁ“’ﬁﬂindividual pi ece of data. For exanpl e,

to activate cell 0,0, row Q colum O e .
act i vatgge 2guF 8 PO aéagf{qq%eﬁfmmafy Dfiggon which
emB§dlleht o résenPviR é’é{ﬂ'b%%rfc'ﬁta&g' TR tRicRire i @uivalent to that of
present 1 nvention can be practiced. The structure is
meaguy V@0, dnt the addiesdingichemens ¢iffeGdt. Memary@80@dempssss tze same array
fscherre 'lsgg'#nfgf rent. . l\/brmr%){iz 0 cqonprises the sane
of emary ¢S AEAERS OB EGLIOSIOT BB PRIFGD AV HiPL IS adfiEspsed by
ind®RauA i éRatiothRN04 Whi Ghedhcddihesir dbyeveRdh Vet density memory
I nternal rows 204 and internal celums 206. However,

200, rattmwhiaphirak withtaycomphansntag oo wethetis tlesre pes tpairpwg 0 and two rows

20 B RPN R g PR o, e

actfrafed. A ktEEs irRertéd\@ath aveds 0,Bad'G0*. There ateilodd roaks@ised.
activated. This stores inverted data in cells 0,0 and

0, 0*. RS SnBEEmBRs 8FtheR¥RNUROchtionNa hitenoRTBPMie¥BIME Structure as
of the present 1nvention, a nmenory of the sane

mestories 1 00 and200nabowe issssed Jmt hredneooryatpstasion of theagempintis such that it

. the ry opgration of the i that, if 4
s oL har T de™ly Raertors ahE € PHATeRY gplon debiagidis vpon the
desh@BSkdgs. TRER biY op&ERANTHIa0EbrhifAed Bsing el doaffolladehe ihuMbry to

an operation is acconplished using the controller of

Op?ﬁé r:lmwtsmfitglrngpr312 in thp allameng fashieanii gng embagimens 309wphogyn in flow chart
. ian, | ' i f | . .
i e BB e R i,

op&htﬁlﬁkoﬁﬁ@mﬁh{d)fry g;l set RIHAOtHen®iRt (or QWE nide dmnblotk BOEasedefnylt. It
is set to ha ensj t or 2T e i bl ock_.3 S .a )
showd bepadersteocsihetn deipet 9&%@% ) ria, Tor cramalg %d%ﬂ@?y operation,

co@@ 8135 B fsetqg@’fdutt Xepaﬁvﬁnﬁ%ﬁéﬁrfgé Scobb b tlg:fqﬂx%ntti%ﬂﬁ.o REpIREL 9@?, an address

al'so be sef out” departing fromthe scope o

is prbeidedoetht imemory notitadiek oB3M6 likaenddd desision blqek30Bdie th determined

the nemgry contraller or the like, and in decision . .
whefhgfhe 396ress 6 andaetiemal 18a HABRUFST Rl gapad Btprgalgw, that i it
is 4 eh ﬂ{tﬁrﬁglaﬂow{ @ﬁ,‘n t;}récetsg‘ﬁo@@gﬁt%ﬁﬁzs lbSbIBek 3 £0) viAiEk any even (half

internal row, that is it is an even internal row, then
derpitgrmssndl lrowicacressthles at bl ock 310, where any even

(hal f

Addresses are provided in this manner, filling or using even internal rows until at
decision block 308, an odd internal row is accessed. At that point, operation is switched to
full density (or 1T) mode in block 312, and any internal row is accessible at block 314.
Further, self refresh timings are adjusted with the increased power, so that refresh operations
occur at proper intervals. In another embodiment, the most significant external row is

mapped to the least significant internal row to aid in system design.

At some point, operation in full density mode will no longer be required. As such,

process 300 continues with checking whether any of the odd internal rows are still being used



density) internal row is accessible. Addresses are
provided in this manner, filling or using even
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internal rowis accessed. At that point, operationis
switched to full density (or IT) node in block 312,
and any internal row is accessible at bl ock 314.
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operation, that is in one of the complementary rows and not the other, in order to allow for

the switching only when it is necessary to have more memory density. For example, when
operation begins in half density mode, only even rows of the odd/even row pairings are used.
When the even rows are full, or as close to full as is logically possible, and the device still
needs more memory density, an odd row is written to. Once an odd row is written to, the
operating system or memory controller, or a detector that monitors the write locations of data
in the memory, initiates full density operation. No data is lost when switching to full density
from half density because all that is being done is the elimination of the redundancy built in

to half density operation.
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be rewritten into the even internal rows before the switch is made to half density operation.

In this embodiment, the operating system monitors the placement of data, and when operation
is to be changed from full density to half density, data from rows that are to be erased are
read out into a buffer or the like, and then written into rows whose data will be retained when
operation switches from full density to half density. Such a check and read/write operation

can also be performed in another embodiment on a block by block basis.

In operation, a memory of the present invention functions as follows. A default

operation of the memory is initiated upon startup. In one embodiment, the default startup
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the logic and control of the memory. The embodiments of the present invention use logic

shifts to allow half density operation when lower power and less memory density is desired

or required, and full density operation when higher densities of storage are required.

In another embodiment, a mode register is used to force the memory into a normal
or a half density operation instead of the default power up in half density operational mode.
For example, if a 0 is written to the mode register, operation is forced to full density. Ifa 1 is
written to the mode register, operation is forced to half density. Setting the mode register

may be accomplished “on the fly” during operation, or at power up or the like. Still further, a



menory is lower than that of a full density operation.
However, when the requirenents for nenory exceed that

wobtooa/ o7t density operation, full power operaPCDNS1085/022971
used, and the increased capacity is avail able. The
menory controller also nonitors the density and used
portion of the nenory once the nenory has been

spesifiict césetf dommaarfduhiy eimspkad byearasey to fscd enesatipatiatoj either full or half

being witten.to tored in the.nmeny there .|
denégyrgg)g.e loif ARSIl Iﬁgfﬂ? dalésrl]tgi ({pgrai}lgg }sa?qqg%a)ég%% & r%(grgwrr] fJI)rSthe memory
condiéilbd 61 tBObpdrating §i8teiadYs Yot AMow Bp&atiddR, hal fensi®nmitil the amount of
controller deternmnes that the |ast odd row data

data tidpesterer svil it imp jalf dersetocantigiratiomer the memonyi peitigg full density
nor.y . r (g f Qr e .
on PN P B OGP 35 o e IR  mod
regfbedr e Ethdonahana a dadicired mpompie, oit the likmmory control | er
swi tches operation back to half density. As has been

descr ifhafotBB0MEodkEm, Syrittdn I8 defaakyERrhal tdehsitessdration at startup
operation -and hal-f density operation, data -stored in

andoghartineessinhelfidensityl asdeng axmosepler and $iechss by flidepsity whenan odd
or menory controller nonitors the addresses of data to
1D“b§fﬁf?¥?%n to the nenory so that only half density

operatjon is used en the nmory is pperating i.n half
dons: typeggarentpanol AR st SR e i b e bt Gh Bk 1

shotld BClntledtoddi thi S BAGERBNEE forlsyeh Gdtlge boddrs, dad By teyerdil odd it is
hal f density physical |ayouts. The difference in ful

meantgrespdctivelanialf densisylerlyirewr as eYea 1pwsi and Wl deriityraypilayle rows are

he ry. The enpbodi t i i
ool o RS RS Rl SRR R AR o weyof
limf 1M, IRIHES 16wek ddefss FEvDfoy edt@nsivsyaniduppesiddess oows for odd rows.
required, and full density operation when hi gher

densi t4A gfenRfry S6RFARE oPSBer SR Gystki MOAER used in one embodiment
enbodi nent, a node register is used to force the

to qoatrol theioperation nHtheaenary a Thacontedles ot gpespineatyisigm can be a machine

iLnstead. of .t he def aul owner. ' I NSl .
ey s R YR SR toppin e
procBf deBddet fetesd.er, operation is forced to full

density. If a 1lis witten to the node register,

oper atg Gyring tb P{gusds tsiMplifiedBRek tigranebt 4 g@tdnh S0MB&eng DRAM
regi ster nmay be acconplished "on the fly" during
50D pkomtdntrediment aif theqweventinventianHe desckibed. SThe memgry ¢rytice can be

aspecific " " b k
colfTREG st SO R e Ha b REARoB B B Bfoh et n
arr®f oOREHBEY @Mls 513, 0Bhtkol dRREilY52aRS hrfvided th afdde data storage and
f'easi bl e,” a nonitor for the nenory controller or the

retipyel fpmrihe ayey smesrsase inoronill BnapadGitperhe Aragggspr. Address
circ(:ju?trr]? IS%I, }E-lateéolde} 9?8 m-rgec&{er 530 analyze address signals 542 and storage

access locations of the array. Sense circuitry 532 is used to read data from the array and

couple output data to I/O circuitry 534. The /O circuitry operates in a bi-directional manner
to receive data from processor 510 and pass this data to array 512. It is noted that the sense

circuitry may not be used in some embodiments to store the input data.

Dynamic memories are well known, and those skilled in the art will appreciate
that the above-described DRAM has been simplified to provide a basic understanding of
DRAM technology and is not intended to describe all of the features of a DRAM.



data to be stored will fit in a half density

configuration of the nenory. Setting full density
wWo@p@eat47on is in various enbodi nents acconpl i sheriUB3005/022971

setting the node register with a node regi ster set

conmand, a dedicated input pin, or the like. In

anot her enbodi nent, operation is defaulted to half

densi tWhlbqa@’caWM@ng Abs lseteardespmb@d drerepmwith el densnryamferatlon writing

Si t
aatgig i VoSl SERP PR Tond B RADGHER i Rl spnes for half
denSity SRt aﬁg@vﬁlwe agtell feder, iab 1drdeasdasGE bfillyl varitten to one of a
herein. It should be understood that other term nol 0g

paif efrcompi¢mentaysowahaHlengifconsyationgiguisise sapeieyen ws, and some odd
n
rows, ?t ts su ﬁ%?e?fﬁta{ %aq{" gt ggg%laaﬂfquFﬁMPp@mﬁ afe %3§ tifaY V\gywer
conﬁiu’ﬁplﬁod RBreduced aglyalf dl‘ﬁ&l@ltj‘ffayerb)t@oms ed, by Way of exanpl e
only and not by way of limtation, includes |ower
address rows for even rows, and upper address rows for
odd rows. ‘A nenory controll-er or other operating
systen1n0du|e i s used i rCenstusiaihodi ment to control the
oper at £t
oyt ot SR A TR enbUfi R S0h: ool AREHEA LRde 1ow

powdtshviigd thatge Iréhhaecpﬁlﬂsmsﬁwlly(whdnfmreﬂuded quantagmxb’ tipd methory is used.
t he ﬁr ocess described herein. Referrin

Furgfieryihe peneditypidall densiiyronsrabion aresRrevidss sdgn HS?A %“ rs%mwﬁer the
melglgérc a gigl?n ?{?ﬁqg 'hgﬁ'atansgté/ dpREatiBh %ﬁgﬁ'ﬁt 1083 ?'Hata%rb& in the lower half

e nenory vice can be couple
of the acassparrdl0 for bi-directional data conmuni cati on.
The nmenory includes an array of nenory cells 512.

Cont r @urther fiviithyesod4hd Sarfoue Eﬁl@@dlrﬁdﬁt&i’f&hh@predﬁit mvention include
storage and retrieval fromthe array ipn response ?
usedp Aeyiess whigh hpve shmyited @mpwfé)f@p&f@é%%la eRgh @g gortable devices like

hangh%lﬁ lﬂ:oﬁﬁﬁﬂte? (Sﬁpseéggglcﬂg%{l a398aRBdA ?}C)H@a‘ﬁgﬁ Shtaaf) 11‘?81% #hbodiment

ress*sig storage access | ocations of
be $tbved dui t}ﬁ:)lowéiemsmom areayi andyth&B2miosy ojseates m adbdbndidy aperation when

fromthe array and coupl e oytp, data to I{O circuitr
the slswce g Sineh e mods et Fig g D her Spmisieng el fnptored in the full
otLp riBA.ETHR (ﬂ%t &nfb%‘?i'i@cgfd‘éﬁ 888 He mdHoBNEtuPR™INo its lower
thls ata to array . I's noted that the sense
povedrrstate for tamalyy m(ﬂledpenodfe d)f thre utableatevivgiwithous losimgsny o€ the

I{lhe i nput data. Dynam c nenories are well known, and
ap ‘Iled in the art will appreciate

The embodiments of the invention include a configurable memory (in one
embodiment a DRAM) that switches automatically between half density low power operation
and full density operation, for increased density as needed by the system. Also disclosed is a
method of returning the memory to half density operation for self refresh power savings
without losing stored data. During power up, the memory is defaulted to half density
operation, with its lowest self refresh power. All operations are in even internal rows until all
even internal rows are full. The memory remains in half density operation until an odd
internal row is accessed, at which point, the memory automatically converts to normal full
density memory operation. The self refresh timings adjust accordingly with increased power

of the full density operation.



that the above-descri bed DRAM has been sinplified to
provi de a basi c understandi ng of DRAM t echnol ogy and

w0 2006004771t ended to describe all of the featuresT/v82085/022971
DRAM Whi |l e data witing has been described herein with
hal f density operation witing data only to even rows,
it should be understood that witing data to only odd
r ows onresdstasIeQumheﬂ i addederoav e the membsbagk 4 halbfensity operation

addgqtsgllglg bxg‘e]r:ltog]?fr tbg eléﬂ,gf:stngﬁygr %gsh %:gﬂ} W?%efr%t%% i§ 24880 retain
date??c@fe@tlh @Gerﬁ%b\}sdhét%ré ﬁﬁﬁ‘al?i\/@@d f&fie half ders@y®pedeon.0MSscrub

is sufficient that hal the avail abl e nenory
refres ¢rabedimentsafdhe presdnh invisptiRey CIBRTEGHPEL HNE §n pé@uwerai ling, sensing

the 961? ﬂjganssg:,l% a&x%?r@fl tlé g#% coﬁg&cd %aﬁ?aﬁﬂéﬁaﬁ%%ﬁllégéqé ggrd line after

the k€We ROWEE stableéi((lais atltbﬁiauaz[llél st@aig meersadhta mathe(mll},pmmwngmg both
a reduced quantity of the nenor Further t.h

worddines, and Siing ¢ BB daja g fhe amynaxl:ysﬁhjlea COUIPIRF % At in the
'othﬁ'gﬁ%ﬁ%g (éﬂehlfogﬁﬁﬁfmgﬁ b ﬁ[’fﬂ?ﬁmy can-return back to -

ty operatlo out losing data stored in

the | Z\Viglg}l?l% u%ecﬁf rf;oérrgoocfﬁmg X?‘?e{‘tge%}{ 111L'l:slﬂrra{ela%d%g ?ﬂte&‘ga%m it will

of th esent 1 nven

be appeddidied bip thos@ofiedireesskiiicthe hﬁ\/tﬁat&hnbflamahMeﬂmw]m:h of calculated
power avail abl e, such as _portabl e devi ces

to aehigHR BIeEaBE MYIROSE- N bewibstimiad far @Ftsa?ﬂg% %ﬁné?(gmegt shown. This
appﬁgﬂ (%n 1§Eﬂt9ﬁn@h€§g§ @mge? :ﬁg B4 ltoﬁggﬁgé%?‘?h% ggtrhg :pgéss@r?t nlh{?entlon
Thetefosd, ttyis ﬁﬁﬁtfﬁﬂtlyantemhaﬁhh%mdﬁvémienib@ linmiteslt conhylby themdkems and the
or .startup_node. Then, tenporary data can be stored in
eq%Y%@ﬁ%ﬂ?“ﬁfray during operation. This data can be
di scarded and the nenory returned to its | ower power
state for standby or sleep nodes of the portable
device without |osing any of the application data. The
enbodi nents of the invention include a configurable
menory (in one enbodi nent a DRAM that swtches
automatically between half density | ow power operation
and full density operation, for increased density as
needed by the system Also disclosed is a nethod of
returning the nmenory to half density operation for
self refresh power savings w thout |osing stored data.
During power up, the nmenory is defaulted to half
density

10



operation, with its |owest self refresh power. Al
operations are in even internal rows until all even
WO paoefool’7 rows are full. The nmenory remains i NPCEIUE2005/022971
density operation until an odd internal rowis
accessed, at which point, the nenory automatically
converts to normal full density nenory operation. The
Whaetisfclaimbd:esh ti m ngs adj ust accordingly with increased
power of the full density operation.A reset sequence
1. i s Adgehlod 6f @aRueing betweeenarfoll Yelsdtylant @ HaHl densignmbde/of operation in
operati on addressing when or if the systemdesires. A
a MERPEH SAMPEFEBhi ng operation is added to retain data
sto i I : LRIhb@-ly used for the
hal%ﬁ%gﬁgpg§ o%g?gﬁPgﬁahﬁ%ggﬁﬁlﬂ?é??%sh enbodi nent of
t hempniésring addreseestused incthaelf dessitycipesativhnandan even
word |ine, sensing the data.i he.. sense a that Is .
+ heswistiao o Aot wheh it pSey RRURRES saP Rl of foring al
dath 16 Whlted tolthenR@ee amp is stable (thus autonatically
- storing inverse data in the celd), precharging both
word lines, and storing the original data in the

2. B FEtaheliBn or Simdy TRGEERl Gl Rk Bobidfioyf Gt ehsity mode
co b Hiriging BRENIE R & ch des dRBBnidniargt r at ed and

escri bed herein, it will be appreciated by those of
ordinary skill in the art that any arrangenent, which

s 1 ) LU RIS PGS, H ST (RUBRSG s vt

anyedjeh o€ adld fyw bfthiemiednsted t o cover any adaptations or
variations of the present invention. Therefore, it is
mani festly intended that this invention be limted
0 n| i . " | 3 i . .
4 Ol oy et of oI, ARG S R TR e AR e conprises
deneliangingrself acfhash findegsof the nedwrpfordpk densityroperatian.
menory, comprising: initiating menory operations in'‘
hal f density node; nonitoring addresses used in the
5. hal fphdeRolbreRehatl hafur@etesipiedy:ng to full density
nmode when hal f density is no |'onger capable of storing
al | moaiteringusage of the meamary in fidl densmby gperationtigad net hod of

laim 1. o initiatlng. ¥ AN
GenSTaging T Rl Aeba e PR e s R b b Wbt of
stofthg hID@atARTBE Written to the memory.

6. The method of claim 5, wherein switching back to half density operation comprises:

refresh scrubbing.

7. The method of claim 6, wherein half density operation is in a first half of a plurality of
rows of the memory, and full density operation is storing data in any part of the memory, and
wherein refresh scrubbing comprises:

activating a word line in the first half of the plurality of rows;

sensing data in the activated word line with a sense amplifier;

activating a word line in the second half of the memory complementary to the word

line in the first half;

11



3. The method of claim1, wherein switching to full

density node conprises witing to any even or odd row
wobtoosloes7menory. 4. The method of claim 1, wherBCTUS2005/022971

switching to full density node further conprises:

changing self refresh timngs of the nenory for full

density operation. 5. The nethod of claim1, and

f ur preehargmggotlswogt limesyardor i ng usage of the nmenory in

full density operation; and . sw tchin ack, to hal f
donsiogE Spehaf R Sl raCir e ik b O dpBRSH o 4pg on the second
woRfpabl e of storing all data to be witten to the

menory. 6. The nmethod of claim5, wherein swtching
back to half density operation conprises: refresh

5. Gond oRahof sushfod EnBROe borfeel el L ural 1y o

r O\A&ili@aftinghﬁerﬁ@rmpﬁratiaﬁﬂinfaﬂhdlf desBy mopdeper ation is
storing data in any part of the mam)r(i/l, and wherein
r ef POBHORRS VIsBP AhEBIPPY Fdlsdn thecarrayatichg a word Iine in

t he?&it&g@% ‘| ‘\%th@ﬁal‘fﬁgnﬁ%&ie!t%ﬁfﬂﬁ dEm c%?xgr}ogiiﬁ‘faﬁmemory

in e ed wor ne w a sense anpl i]?
opaationviatréquired. word |line in the second half of the

menory conplenmentary to the word line in the first

hal f; prechargi ng both word lines; and storing original

9. dat 'i*h@ﬂleﬁ‘g)% mdgic (5 Qﬁ\ﬁﬁ&jgd&h@ﬁc&ﬁh%-is%’gw ementary data on

t he secon r i ne. A nethod of operating a

e mewicldey baxd to helfdensiyngode whan kel f dapsitehegognes an option again.
operations in a half density node; nonitoring usage of
menory cells in the array; and switching fromthe half

10.9en$hi heRAS FlcRid & Wheree RStidting FRGRorMOPBrafiond il haliEiyy mode
operation is required. 9. The nethod of claim8, and

corhpisel exritingrdata ailntp ewnirewhphiepaamoryo hal f density
node when hal f density becones an option again.

11.  The method of claim 8, wherein switching to full density mode comprises writing to

any row of the memory.

12.  The method of claim 8, wherein switching to full density mode further comprises:

changing self refresh timings of the memory for full density operation.

13.  The method of claim 8, and further comprising:
monitoring usage of the memory in full density operation; and
switching back to half density operation when half density operation is capable of

storing all data to be written to the memory.

14.  The method of claim 13, wherein switching back to half density operation comprises:

refresh scrubbing.

15.  The method of claim 14, wherein refresh scrubbing comprises:

activating an even word line containing half density data;

12



10. The nmethod of claim8, wherein initiating nmenory
operations in half density node conprises witing data
wondog/0o407even rows of the nenory. 11. The net hpdr/v82005/022971

claim8, wherein switching to full density node
conprises witing to any row of the nenory. 12. The
nmet hod of claim8, wherein switching to full density
nmodenfiug thestatcwithmisses: angildiegi ng sel f refresh tim ngs
of the menory for full density operation. 13. The
rretar?gaatbl?g@%qdﬁiv%r,dlg’ﬁd further conprising: nonitoring
usalg@c}gfrgih BofBP&YdYines andl | density operation; and
switchin ack to half density operation when hal f
densoning bperiginabdatp en gegeusn avasd lige and pynplemeptigiadate op ghe odd
woz%%li tten to the nmenory. 14. The nethod of claim 13,
&rein switchi ng back to half density operation
conprises: refresh scrubbing. 15. The nethod of claim

14, wherein refresh scrubbjng conprises: activating an
16. ev eft mshe of ReTHBSRANFINAY 5YI%e, CRIHEIRE: dat a; sensi ng

th Lifiar .. VAt ==
w3 R B BE08E A By AL A9 1 B oven
intelring rows grerfall; data on the even word |ine and

or Bt gt flaodeovpaieh Ciperl iy Mo o
in Qﬁ{iﬁ%gﬁﬁ@il{)% AGEIE dekYity thddeeven internal rows until

all such evén internal rows are full; switching to

f ul $wittdureg bagk o bidf dereity amodsduhenroerddabwes 6ve tidl refypised, wherein

accessed: Lting to any row in full density node;
SW‘?‘%?I{%HCE@O ﬁ’é}éﬁeﬁsg‘yﬁé‘fﬁ” BTy nmode when no odd rows

are stiljotivaan sieevenWitiging; swi t chi ng back to half

density nore conprises: activating an even word |ine;
sensing the data in the sense amp;

activating an odd word line after the sense amp is stable;
precharging both word lines; and
storing the original data in the primary cell and complementary data in the other cell as

required for half density operation.

17. A machine readable medium having a set of machine readable instructions for causing
a processor to perform a method, the method comprising:

initiating memory operations in a memory device in a half density mode;

monitoring usage of memory cells in the memory device; and

switching from the half density mode to a full density mode when half density storage

in the memory device is full.

18.  The machine readable medium of claim 17, wherein the method further comprises:

switching back to half density mode when half density becomes an option again.

19.  The machine readable medium of claim 17, wherein initiating memory operations in

half density mode comprises writing data only to even rows of the memory.
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sensing the data in the sense anp; activating an odd

word line after the sense anp is stable; precharging
woedaokh/ooord | i nes; and storing the original datBCT/NS1008022971

primary cell and conplenentary data in the other cel

as required for half density operation. 17. A machine

readabl e nedi um having a set of machi ne readabl e

i nstructions for causing a processor to performa

t hod, th d i Si - initiati '
20,065 arTuns Fag e RO THELHEg: | edh FodsRERry ldgasity mode
congiﬁgge}s %itiﬂg,té'%gl%v@f)ft}{@%ﬁbrﬁm I's in the nenory device;

swtching fromthe half density node to a full
density node when half density storage in the nenory

device i s full. 18 7Th hi Le. nedi Umeof -
21,7 arfimshihspasel® el PG B oARFER s PREL WA densiy mode

furth¥f édaipritgs:back to half density node when hal f density
becones an option again._ 19. The nachjne readabl e
medehangin self sefrash rimmpgeefdhemenory frifily dapsiiyoperation.
operations in half density node conprises witing data
only to even rows of the nenory.20. The machi ne

22.r eatiadmachireidadatdé medaimnoidainwh®g rvdieneia whd mbthod firthel abmprises:
density node conprises witing to any row of the
menBejitorng uswtﬁ%gﬁtae FREROTY &y e@Slﬁéﬁ%ﬁﬁﬁﬁl% apd ai m 17,
wh egvﬁ'tcrl‘liﬁg’\l‘)a{cﬁ% H&f Héhsfit?lobe B0 Wih¥n ARF Gehsity ldpBFation is capable of
conpri ses: changing seff refresh timngs of 'the nenory

stoffig alf dath tdbawiittgn aptheatdnory. 22. The machi ne readabl e
medi um of claim 17, wherein the nmethod further
conprises: nonitoring usage of the nmenory in full

23.denshd %20R8¢ Alalis¥le nRAMNSYE S16H 78 WiREkin s@itdRihE bdEO®IHa¥t density
operation when half density operation is capable of

opesatgmi qognpaisks:data to be witten to the nmenory. 23. The

machi nghreatf%allbl e medi um of claim 22, wherein swtching
backfes B & nsi ty operation conprises: refresh
scr ubbi ng. . y

24.  The machine readable medium of claim 23, wherein refresh scrubbing comprises:
activating an even word line containing half density data;
sensing the data with a sense amplifier;
activating an odd word line;
precharging both word lines; and
storing the original data on the even word line and complementary data on the odd

word line.

25. A memory, comprising:

an array of memory cells addressable by address circuitry;

input/output circuitry to receive external data and to pass the data to the array; and

a memory controller for operating the memory in one of a full density or a half
density mode of operation, and switching from the half density to the full density mode of
operation when half density operation does not have enough density to accommodate all data

to be written to the memory.
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24. The nmachi ne readabl e medi um of claim 23, wherein
refresh scrubbing conprises: activating an even word

wo 2ove/oent ai ni ng hal f density data; sensing theCTHESER05/022971
with a sense anplifier; activating an odd word |i ne;
prechargi ng both word |ines; and storing the origina
data on the even word |ine and conpl enentary data on
the odd word line. 25. A nmenory, conprising: an array

26,01 TR Bttt trBlrt SREEh Bl oSl Rl A o pgectine

read®BSinkiectidat forlc@udif€a pfdcdisor sbrriRmEHod ahé ettodrcomprising:
for operating the menory in one of a full density or a

hal inittpéing memars @pergfiorsia e memoryaicd kalf dmitngiodeom t he

hal ' [ Iﬁ@?e operation
Me%oﬁlg(?}?d%}els ﬁé??éﬁg%é&a%elugﬁp%g%e not’ %Ig{/e enough
densiitchitgfranchahaifidémitahlodd ad a fulbddeitymiddeevhendatfiiensity storage
. menory. 26. The menory of claim25, wherein the nenory
mtb‘bﬁ‘@%’ﬂ@rﬁl’éperat es a set of machi ne readable
i‘nstructions for causing a -processor to performa
nmet hod, the nmethod conprising: initiating nenory
27.0op€eTiat inemsry of dldien 26 voreyein swrching fo fidrdensigy modecomprises writing to
rmnitot;i n% usage of nenory cells in the nenory; and
anyJew N B0 t he hal f density node to a full density
node when hal f density storage in the nenory is full.
27. The nenory of claim26, wherein switching to full )
28.denthe yemotieofcdainy 26 adhergin sWitehing taafl depsityomode Eurther comprises:

.. 28, .. T | | ai J . t-chi
o P g SR e RERBo g PhpE b for AR RSP

refresh timngs of the nenory for full density
operation. 29. The nmenory of claim26, wherein the

29. et Regimpmorshel claisrph, ivdssein thsrinetbed Ayther cenpasesal
co nﬁi%%t(li)lﬁl{% a{ﬂo{xt@rngectoﬁ{rgﬁ&%f PBetbiiRhathiA@8: L%fagé Bthe memory in full

nmenor
density operation is no longer required; and

switching back to half density operation when half density operation is capable of

storing all data to be written to the memory.

30.  The memory of claim 29, wherein switching back to half density operation comprises:
receiving a notification from the external memory controller to switch the memory

back to half density operation.

31.  The memory of claim 31, wherein switching back to half density operation comprises:

refresh scrubbing.

32.  The memory of claim 31, wherein refresh scrubbing comprises:
activating an even word line containing half density data;
sensing the data with a sense amplifier;
activating an odd word line;

precharging both word lines; and
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density operation is no |longer required; and sw tching
back to half density operation when half density

wWep@sabi7on i s capabl e of storing all data to beCWUS100®022971

wo

33

34.

to the nenory. 30. The nenory of claim?29, wherein
switching back to half density operation conprises:
receiving a notification fromthe external nenory
conttorhg dre drigimabidatalontthe everrmoryd linaekd complinfenthey datayn the odd
operation. 31. The nmenory of claim 31, wherein '

#Thi ng back to half density operation conprises:
refresh scrubbing. 32. The nenory of claim 31, wherein
refresh scrubbing conprises: activating an even word

i né woesssingisygetatdmpiestng: t y data; sensing the data

with a sense anplifier; activating an odd word |ine;
pr e%ﬁg’rcﬁ?s%’aﬁl th word lines; andstoring the original

dat a n@¥dri @o@pledtontE grdcesier Rntore daml Rowidedby thdgirécessor and to
the odd word line. 33. A processing system

provisteplafastorte prceset SedBemonRPMPTIFEEry coupl ed to the

processor. - | LY. or and
Fo pr ovi b ey S EmPR AR Ratlo ), AR LRLRRS:
conpri si iigut/ampar ¢ciryitof torecaiveexterhhlsdatedatrdes pald the dyta to the array;
address circuitry; input/output circuitry to receive

ext 8hal data and to pass the data to the array; and a

menory c :

Pl denarigry Sontdler MRRekt g (iR braral Qhughty ora hlf
swi tetsitygnddeafioperatitilahd dwitshitg fitom thiedaldehsitgyetnghe full density

node qf eration en.hal f density.operation does.not
navE0gn LB aLS VRS e st oAt AR by o RE adilly o
Wi B @hrh&iatd 81 GRARS Be wiflen (08e RicafR$Si Ng syst em of

claim 33, wherein the processor operates a set of

machi ne

The processing system of claim 33, wherein the processor operates a set of machine

readable instructions for causing the processor to perform a method, the method comprising:

initiating memory operations in the memory in a half density mode;
monitoring usage of memory cells in the memory; and

switching from the half density mode to a full density mode when half density storage

in the memory is full.

35.

36.

The processing system of claim 34, wherein the method further comprises:

switching back to half density mode when half density becomes an option again.

The processing system of claim 35, wherein switching further comprises:
monitoring in the processor usage of memory cells when in full density operation; and

notifying the memory controller to initiate memory operations in half density mode

when half density operation is available.
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readabl e instructions for causing the processor to
performa nethod, the nethod conprising: initiating
wWOoreewo/0y470per ations in the nenory in a half denBCT/YS2005/022971
node; nonitoring usage of menory cells in the nenory;
and swtching fromthe half density node to a full
density node when half density storage in the nenory )
37.i s Th¢ procgBingRysteprafcéaimi 36g Whyrsitesivisthing back tg half density operation
co wherein the method further conprises: sw tching back
RS f density node when half density beconmes an
opt iediRslagaubbing6. The processing system of claim 35,
wherein switching further conprises: nonitoring in the
processor usage of nmenory cells when in full density
operation; and notifying the nmenory controller to
initiate nmenory operations in half density node when
38.hal Thelprsedsingayeteamt dfatnims3 7a wheteabtegeSly scriteng canpsssng

system of claim 36, wherein.sw in ck to half
dendiitgtisner SPoPE i PeaBiny AlF SERE R dbDi ng. 36.
Thes HLRGERSINY Wi RRLImMl M 37, wherein refresh

scrubbi ng conprises: activating an even word |ine
contdivaiingjathedd wdehigiety data; sensing the data with a

sense amplifier: tivati.ng an odd word I|ine;

pr eBW%?%E‘HébBﬁ}WO%WSﬁ es; and storing the original

dat aoﬁgg tHeeripyeN d¥Rlod thé &rnanstd taBRphe BBMpRINnERY at@Bn the odd

the odd word line. 39. The processing systemof claim
wogblingpher ei n initiating menory operations in half

density node conprises witing data only to even rows

of the nmenory. 40. The processing system of clai m 35,
39.WwheTké prosudsingtsystgmt of cldidnl 3 50 ehsiciy iniidiagesmory S@srations in half

witing to any row of the nenory. 4 1. The processing
densif¥ Made GPMPFIaFSHILE date PRIy {0 SYFL TORIS IO thegnEmPTY- densi t y

node further conprises:

40.  The processing system of claim 35, wherein switching to full density mode comprises

writing to any row of the memory.

41.  The processing system of claim 35, wherein switching to full density mode further
comprises:

changing self refresh timings of the memory for full density operation.

42. A processing system, comprising:
a processor;
a memory coupled to the processor to store data provided by the processor and to
provide data to the processor, the memory comprising:
an array of memory cells addressable by address circuitry;
input/output circuitry to receive external data and to pass the data to the array;
and
a memory controller coupled to the processor and to the memory, the memory

controller for operating the memory in one of a full density or a half density mode of
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changing self refresh timngs of the nmenory for ful
density operation. 42. A processing system
W@ 0up/de7TNg: a processor; a nenory coupled to PEOEUS2005/022971
processor to store data provided by the processor and
to provide data to the processor, the nmenory
conprising: an array of nenory cells addressabl e by
opemjnbneami mltcﬂnmg from thelpplf demsity tot the ifult dentsity maslerod @ppration when half

h
SR S 4 R B A 0o

Inaﬂggp the menory controller for operating the nenory
in-one of a full density or a half density node
of operation, and switching fromthe half density to
the full density node of operation when half density
oper ati on does not have enough density to accommobdate
all data to be witten to the nenory.

18



