WD 2006/ 060249 PCT/[JS2005/ 042420 SYSTEM AND METHOD FOR REDUCI NG POAER
CONSUMPTI ON' DURI NG EXTENDED REFRESH PERI ODS OF DYNAM C RANDOM ACCESS MEMORY
DEVI CES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 001] The present

appl i cat i owobaioessd he benefit of the filing date of W& udBadsRitao
Application No. 11/003,547 entitled SYSTEM AND METHOD FOR REDUCI NG POAER
CONSUMPTI ON DURI NG EXTENDED REFRESH PERI ODS OF DYNAM C RANDOM ACCESS MEMORY
DEVI CES, filed Decenber 3, 2004, which is incorporated herein by reference.
TECHNI CAL FI ELD [002] This invention relates to dynam c random access nenory

de?/: cles, kand, dWDFSYHEEM&NDMEM]Ec[ODCF(mWRJm@mbYV&le¢NSUWHmi ng menory
ce eakage duri t re ti t ween
refreshes to be ﬁg’ﬁﬁ@ﬁﬂ@ﬁw@%ﬁ%ﬁéﬁ%ﬁﬁﬁw GROUND OF
THE | NVENTI ON [ 003] Many bat t erACCESSSMEMORY DEVMICES! ect roni ¢ devi ces, such
as |laptop conputers, Portable Digital Assistants, cell phones, and the
like, require nenory devices that provide |arge storage capacity and | ow
power consunption. To reduce the power consunption and thereby extend the
operating tine of such deV| ces bet ween rechar t he devices typically

operate in a | owSRA8S-REEERENGE #ORELAJLL JGARIINS 0j ng used. In the |ow

power node, a S[Ubﬁiy vol taﬂﬁ‘e ﬁ?ésef(t@pbl@eﬁﬁ& cﬁ&ﬂk Hﬁ%ehéﬁt@f%tﬁlﬂg'dﬁte%i’”ponentS
such as a mcroprocessor oci ated control Lso%? mam)r% devi ces are

typically reducedfo Ftﬁﬁépﬂl¢?€°$6{%ﬂllgwﬂﬁﬂ¥tieé s, as will

be appreci at ed byrdrROREDSICING € POWER heoﬂstlwﬁ@bomhzmhﬁ BUENDEIYOl t ages are
varied to reduce power consunBtl on in | ow EO node, data stored in the

el ectroni ¢ conpo RESH, dERIQDS @F nBXHN’H@e MuéPOEéSrMFM% WO
2006/ 060249 PCTI USROIEHESDf1R4 BecembO03 h0oR, WRIEIDR irtbRoRER HeRRAS  rbi¥rehde. t Ypi cal |y

desired in these devices to naxim ze the anount of avail able storage. For
this reasons, it is usually
TECHNICAL FIELD

[002] This invention relates to dynamic random access memory

devices, and, more particularly, to a system and method for reducing memory
cell leakage during extended refresh periods to allow the time between

refreshes to be increase, thereby reducing power consumption.

BACKGROUND OF THE INVENTION

[003] Many battery-powered portable electronic devices, such as
laptop computers, Portable Digital Assistants, cell phones, and the like, require
memory devices that provide large storage capacity and low power
consumption. To reduce the power consumption and thereby extend the
operating time of such devices between recharges, the devices typically
operate in a low-power mode when the device is not being used. In the low-
power mode, a supply voltage or voltages applied to electronic components
such as a microprocessor, associated control chips, and memory devices are
typically reduced to lower the power consumption of the components, as will
be appreciated by those skilled in the art. Although the supply voltages are
varied to reduce power consumption in the low-power mode, data stored in the

electronic components such as the memory devices must be retained.



desirable to utilize dynam c random access nenory ("DRAM') devices, which
have a relatively |arge storage capacity, over other types of nenories such
as static random access nenory ("SRAM') devices and non-volatile nenories
such as FL#BHossmgensy devices. However, DRAM devices havgerbdgosissagvant age
that their menory cells nust be continually refreshed because of the neans
by which they store data. Refreshing DRAM_nenDré cells tends to consune
powver at a subsiO8fkial rat@.larsestpeeqeapci iigipically defieeddr these dopiagd thenory cel | s
each COHE! stsfo:‘]I AafmBR Ghd %?ﬁd@%tf a%vﬁlaﬁl@%ﬁ%d. tFor QRIE redsods)VR is \iSaliges to |
store a bit of data, arge. .l eaks fromthe capacitor [Lious nmeans. It
is for this reaso SFﬂﬁ?“ﬁ%ﬁW?n&ﬂBWf FaRfiqny 2pRg “ﬁ@opbfﬁég%@d %?“*%echarging
themto the ori giwhith HaletaargiativeRe fakgSordgs chpapity; akdryotie ifpes obdedtiesessential |y
reading data bits fromthe nory cells in_, JLaw.of a nmenory. cell array
and then witing %“ﬁ%?é S@B?Téar;‘é%‘f’%ﬁqsf Zepam( ggxphge%%{?% a('?glnf’g'v?lﬁtﬂf he row.
This refresh i s ofef6rdssychps FLASHEflesy devises Plowevat; DRAMSdeticeshavat € needed
to keep charge stored in the ry cells froml eaking. excessively between
ofreshes. Each tPResROREs hatohl yienery sellso ety P shmimaly Flieshed{ i gi

| i nes for each netaiuse oftht neass Inwhicinthely store datap |Refiestiny DRAMI hégeg and t hen
equi li brated, whic onsunes a siqgnificant . un ower,. As. the nunber of
colums in the nefo? ngsé?Foné?rp%i}o‘%ﬁﬁtraesggsé@uan%ﬁ %‘ﬁ@r @3‘?’?\‘6’1 ‘“&Qefﬁﬁ'y capaci ty,
t he power consunelRAM mehorptelsgachaohsistool aicameitasies is chargal td ongofitwo [ 005] The
anount of power consuned by refresh also d ngs whi.ch, of severa

refresh nodes is g%?$%39s%¥@%ﬁFc§§??ES mﬁ%géﬁigmﬁgﬁ%ﬁﬂ?vorg%fwygsduring

peri ods when dat ameans. ftds fdvehis geas@attiatf DRMMaonemary télisnmusd b¢ redreshBiRBM devi ce.
Since portable elegtroni ¢ deyices.ar ten t.i dar _sub nti al
periods of tine, rteglhér%%%ﬁ etgftgepgr\'/%rr‘a?ggl&\a%ngﬁggsﬁrlf\rfl’gmgieiyPm elrgé g%h can be an
i nportant factor éssentigiyeeating datp bitsvirdnothg miemeryadelis inr @oh ow dfevngeorgan be used
bet ween battery char 6] .Fthe SUNE freshi ng
DRAM devi ces  in %ﬁy“grr%if‘““rd{e@%“ l&sﬁ%@%@%% bBOUEL & BRRREQIOY B[ S0 O

necessary to permowr nThiefefeshh ésgenkrally perfarseflipn edrowdiyrrewlbasintafrae a DRAM
devi ce coul d be

needed to keep charge stored in the memory cells from leaking excessively
between refreshes. Each time a row of memory cells is refreshed, a pair of
digit lines for each memory cell are switched to complementary voltages and
then equilibrated, which consumes a significant amount power. As the
number of columns in the memory cell array increases with increasing
memory capacity, the power consumed in actuating each row increases
accordingly.

[005] The amount of power consumed by refresh also depends on
which of several refresh modes is active. A Self Refresh mode is normally
active during periods when data are not being read from or written to the
DRAM device. Since portable electronic devices are often inactive for
substantial periods of time, the amount of power consumed during Self
Refresh can be an important factor in determining how long the electronic
device can be used between battery charges.

[006] The amount of power consumed by refreshing DRAM devices
in any refresh mode is proportional to the rate at which it is necessary to
perform refreshes. If the required refresh rate for a DRAM device could be

reduced, so also could the refresh power consumption. The required refresh
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reduced, so also could the refresh power consunption. The required refresh
2 WD 20061060249 PCTI US2005/ 042420 rate is determ ned by the rate at which
charge | eaks fromthe nmenory cell capacitors. Therefore, sone attenpts to

i ncrease t kv toosmsosequi red between refreshes have focupegy9meashiisti ng the
rate of refresh as a function of the rate of charge | eakage from nenory
cell capacitors. For , exanpl '

e, .since the rate at . which charge | egks from
merory cel |'s capacd®f & ¥4 "ﬁdfbé'ntg? F%%atowh‘&bﬁﬁ@‘éﬁ‘rs&°m élﬁr?ée%f?&\é% savi ng
t echni ques adj ust chpueitoref Thabfofen s@maattempts uo Gricrease e tinfeasqifred betveen As a
result, refreshes not occur re.frequently than cessary. [ 0071 O her
attenpts to increégtgesqeﬁéa‘{eicfcﬂ‘ﬁ's?goﬁlﬂ%fuétd“gg%t‘ﬂ%é’xr?ﬁ(ff %Ssaﬁﬁ%c loﬂgf/téef ‘tused on
reduci ng t he anounf clafgeddabagpefrdne memory cklf @ipaaiernso Fyr ©ainble, shapawiratens. Wt h
reference to Figure.l, . a portion of a typical. DRAM array 100 includes a
bl urality of memoryiedsried B R Bemfy SR SRort AR o omeomh 1 ne W
and a digit |ine [Bhme phwenrsamingy techdinees bdjusti thet febeshr ragey ad @Ofimction af r anged i n
rows and col umms, wi t Wo i bei Pk OVi Q w .. of nmenory

t qeﬂtu?’e. Vég a }egﬁ‘\lt r%fr%%s 50 no{j %gcuE nqc%rg ?egl)}e{ngy than

cells 100. The wor I 'nes are coup t 0 and actua r'ow decoder
112 responsive tongcessay. addr ess AO0- AX. As shown in Figure 1, the DRAM array

100 has a fol de hgit lin | ' lgit lines
DL and DL* are 3?‘(5)9\% ded foﬁ)tgﬁgéﬁ%ﬁkﬁ%&%@gﬁgﬁﬁefgw# Eg@%ﬁe %Shgga menory
array havi ng an ofheve ftused oh ireducing dliei aneuntuefechargotleakhgeningm nemorngéle  digit
line DL is includ L : : Iﬁﬁhﬁﬁlg 10. The
other digit line i gpalﬁlgb(g%}!’\gg@%?&gfﬁ?%%?ggg’r?fp%lz}}régg)f/g{yﬁg\}avever, t Jé%(?oél'l OW ng

di scussi on of t he imlugdkd @piyraliftyt of DRy calls 410 eachdbfpyhichris equplediie 8 word sol ve

such problens is hod 3 S ' di.ai [ chitecture
as well as arr aygﬂﬁx}gg‘gd gdﬁggﬁ @iee(rjﬁ i g}pgﬁeﬁﬁgﬁgﬁlgﬁlﬁ?égpgr%a&[lggﬁé Regar dl ess
of whet her the ar rgyngadin rawp ghdiee]urdisgwith b weed lingrheingtpeavided dorgactarevopen di gi t

|ine archit ect ur e,qr GRE R RITDN ). C Phd wdrd Ginks WAL UHE Soupfed TE BRY YorbaflalpyGRPAcCi t or
gl 3 g node 118. The

114 coupl ed between a ¢ late 116 and a stora 18. cell plate
is normal |y conmomoW decader 142 respensive frog fpweaditess AGGX. As shown in Figure 1,

the DRAM array 100 has a folded digit line architecture so that complimentary
digit lines DL and DL* are provided for each column of memory cells 110. In
a memory array having an open digit line architecture (not shown), a single
digit line DL is included in the array for each column of memory cells 110.
The other digit line is provided by an adjacent array. However, the following
discussion of the problems with DRAM arrays and prior attempts to solve
such problems is applicable to arrays having an open digit line architecture as
well as arrays having a folded digit line architecture.

[008] Regardless of whether the array has a folded digit line
architecture or an open digit line architecture, each memory cell 110 includes
a memory cell capacitor 114 coupled between a cell plate 116 and a storage
node 118. The cell plate is normally common to all of the memory cells li 0
in an array, and it is generally biased to a voltage of Vco/2. An access
transistor 120 is coupled between the storage node 118 and a digit line DL for
the column containing the memory cell 110. The gate of the access transistor
120 is coubled to a word line WL for the row containing the memory cell 110.
When a data bit is to be written to the memory cell 110, a voltage

corresponding to the data bit, generally either V¢ or zero volts, is applied to
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in an array, and it is generally biased to a voltage of Vcc/2. An access
transistor 120 is coupl ed between the storage node 118 and a digit line DL
for the colum containing the menory cell 110. The gate of the access
transi st or wd20e¢/0e2490upl ed to a word line Wo for the rowce®ivassyug t he
menory cell 110. V\hen a data bit is to be written to the rrermry cell 110, a

vol t age correspo di It IIy eith zero volts,
is applied to Q%bii?‘bbgztﬁg” UBSH 496‘ CQPHIE‘?(ﬁ"gﬂPe Yo'48 DL to

whi ch the rrermry Gpplicd 1d thei viora Qe WAl is dziveh mgmo/aini ONethe agebs wsiktor t he word
transi Stor then cdapl L RS ARSI HEREUBES A5 SHEREAIE FoFPRIT 1[b o or o t he
vol t age of the di g stotei the v&tag;erbftdiedxgmmaemm thaéapaEiwr 1a4r el 2 e@kr ati on,
generai'ly to vedz Parin e Bt b Bt B b fefTs m eI gn B8 o che
access transistor géx%&lldeﬂé’ca/Q,Cmghetwaﬁ&nsMnsm dnlmnhlgh)wpﬂuﬁSONhﬁe capaci tor
114 to the digit lLine DL.to i ght | er t a it line DL
above or bel ow tﬁ%ce%sqtfﬁlflftﬁtr ]?tol gﬂe ?/%TSF ﬁb‘@‘s@égg%‘éf%“ af)sotﬁe f??@‘"?%:lﬁ{age st or ed
in the capacitor tdthd digitrline- memga]ypﬂtexfthevolthg@omthd digitdinedsabomepd i fi er 132

sense whether th ol S..l.n decreased.responsi.ve, to appl yi ng
an active | ow Ns(éﬁé *ﬁle ulp?mu " ﬁ%lkﬁ ?pen&m & 6PV VO t?)gc f%ce)reél-"sl glﬁese

anplifier 130 anda;api];nlryllmg Aann-sembe mliﬁmgtBOF&NSEsensegmmbhfmf 13samsd |y Vcc to

the b- sense aml ifel, dda oSSR, o AR ARbIR S0 gl ore

supplied by contr crrcui tr ge I ncr ease
was sensed, the p-agimndev NFINSE*eignil3d ndrmalky zetohwltd itayihe nl-sens dobplifier Vcc, and,

if a I t d t h

L, Vo182 deCnsRas YnuaPURRine IF 1AEREE R Bl Y0 hd oo Lhe,

the sense anplifi eense amplifier1 Bi2. t A NSENSET g@alt prsl &lari%S(EiNS(Er Slgm@«ll arp t he

vol tage to which I?ppﬂ@(ﬁb P&hg] E‘i?éulté&a(ﬁ& I%gil\‘imigg%l?a%@ %;ﬁg}e coupl es
nes |

one of the pairs o I ment ar ment ary
i nput/out put | i negvas $e@sed thefp-sp@spmnlsﬁev@&dnvas tbeﬂuﬁﬁnaaaﬂeysc,m,m [ 009] The

above-described mgpRLY qiFale WAARERS tRfn-Rfide!atiplibdtd 30 aNRE the digit line DL

to zero volts. The voltage applied to the digit line DL by the sense amplifiers
130, 132 then recharges the capacitor 114 to the voltage to which it was
originally charged. A column decoder 136 couples one of the pairs of
complimentary digit lines DL, DL* to complimentary input/output lines “IO,
IO* responsive to a column address A0-AY.

[009] The above-described memory read process of activating a word
line WL and then sensing the digit line voltage of all memory cells 100 in the
row for the active word line WL is what is done to refresh the memory cells
100. If the voltage on the capacitor 114 has been excessively discharged from
Ve or excessively charged from zero volts between refreshes, it can be
impossible for the sense amplifiers 130, 132 to accurately read the voltage to
which the memory cell capacitor 114 was charged. The result is an erroneous
reading of the memory cell 100 known as a data retention error.

fo10] As is well known in the art, the charge placed on a memory cell
capacitor 114 dissipates through a variety of paths. One discharge path is
through the dielectric of the capacitor 114 itself. Another significant discharge
path is through the access transistors 120 coupling the capacitors 114 to the
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line W. and then sensing the digit |ine voltage of all nmenory cells 100 in
the row for the active word line W. is what is done to refresh the nenory
cells 100. If the voltage on the capacitor 114 has been excessively

di schar gedwio mos/ocvz® or excessively charged from zero vpei/Bsieedeen
refreshes, it can be inpossible for the sense anplifiers 130, 132 to

accurately read thg .voltage to which t menor | capacitor 114 was
charged. The resul%8ines e\”f’%‘ﬁg%mls‘“f’@ggpﬁﬁtﬂ?’gdtﬁ& 'nﬁﬁlﬁﬁ)@?f@éﬂm%o known as
a data retention dsrknown [€316BF “Asb-theeshodd”l lekkagecuirent t dfethar transistoss t20ar ge pl aced
on a nenory cell aci tor 114 dissipates thro a_variety of ths. One
di scharge path is lﬁat%ﬁcr"(lﬁjg%}ﬁ3 fl%btjatﬂﬁg’éfdz%%?ﬁgg cgfrerfth%fgtg%ﬁg%efs[ gﬁnsﬁ%s ilggel f.

Anot her si gni fi cardlows$ the lhepagitor 1jp4stthretain 4 inleggthattihdosacommeb ta thamsliage or s 120

coupl i ng the capagiirsikhd o nd dcids Y A9%6A90248, BT 1132005042420

digit lines DL ransi's re-turn eakage current
is known as the " s\sanothappsiached havedednaryed touedueethe ofb-thieshdld kalsige oithe 120.

Reducing the sub- LLsoRalokePE IRCRNIGRR o cablfod FERBTabE UBLSRPT S 120

all ows the capacit toretarn av S close en to the
voltage initially pbngereperiod bdtweenapteshesor Someoff theseaappagaghesetelynoi on err or

to be avoi ded. = VAt ARPIAGKHASRAYY PSP e R8s bnSEUR 1 Giter

sub-threshol d Ieakgé_e 0 _access transistors 0 2 nmenmory cel |
capaci tors 114 t o biasingithe word liges t6 o pegative| voltegsrwhee the sprdolinevienet agtieoeshes. Sone

of these approachq,?g(q)ag ngﬂ%irgtuhggjrg@q 2fisNd gtiPﬁ‘éél{\l%ggshol d voltage VT of the

access transistor lasing t rd lines to a negative
vol t age when t hel0Wdrd |ine Arothespaththrough with theyghasge alacedon hwemeryselt ate to a

| ess negative vol taggiod G4 1hn ARGEASYs PG thelddlVGsitol o BnLRBLAR, P! aced on

a nenory cell capacitor 114 can dissipates Is fromthe access transistor
120 to the substr dVith refeppncy to Histredna &ypicel megomyecel acegsst tyaspistar 12feisdt y cel |

access Lransi st or \gBs dulitor WIGH I APRYR! Qe 140hdvihgs Frifopsaibst ral e

140 having a first n-doped source/drain region 142 an second n-doped

source/ drai n regi dfurgefdrainmgion 14% and arseepyd adoped, sauese/drain Fegloaditbn Ther2 i s
coupl ed to a di gi tfirktl DEopkl sodehirkill FegichCA2NS cHupttaRE d FQHIREDES Adnné €91 on 144
's coupled to a me;gg’% nf:d%{)eld s%gr%g‘/glla{n%gion 144 is coupled to a memory cell capacitor
114. The access transistor 120 also includes a gate formed by a gate electrode
146 insulated from the substrate 140 by an oxide layer 148. The gate
electrode 146 is coupled to a word line WL. The n-doped source/drain region
144 that is coupled to the memory cell capacitor and the p-doped substrate 140
together form a diode junction 150, which is schematically illustrated in
Figure 3 along with the access transistor 120 and the memory cell capacitor
114. The substrate 140 is biased to a voltage Vpp that is typically negative,
such as —0.5 V. As previously mentioned, the cell plate 116 is typicaliy biased
10 Veo/2, such as 1 V, as shown in Figure 3. Thereforg, when the memory cell
capacitor 114 is charged to a voltage of V¢c, which in this example is 2 V, the
diode junction 150 is back-biased with a voltage of 2.5 V. Unfortunately,
even though the diode junction 150 is back-biased, a significant amount of
charge leaks through the diode junction 150. This charge leakage limits the
period of time that the memory cell capacitor 114 can retain its charge without

being refreshed. As a result, the memory cell capacitor 114 must be



114. The access transistor 120 also includes a gate forned by a gate

el ectrode 146 insulated fromthe substrate 140 by an oxide | ayer 148. The
gate electrode 146 is coupled to a word line W.. The n-doped source/drain
regi on 144va fuaéndossocoupl ed to the nenory cell capacit opcdiddod)gsirndoped
substrate 140 toget her forma diode junction 150, which is schematically
illustrated in ure 3 along with the access transistor 120 and the nmenory
cell capacitor 1f quepffy ref rthereby capsinga BRAMdevice contaiping gdnsiofy t hat i s
typical ly negati veell cpdéitoras4 toQorauMe subStaitiabddweiS| y nentioned, the cell plate
116 is typically ased tao VCU uch as s shown in Figure 3.
Therefore, when'L Pﬁ’é merory BEF IS%}?&“E%{EH“S@ ‘%’iﬁt‘?" lﬂ‘ﬁa‘r"dﬁ of fre gV%?tage of
Vce, which in thi Seak¥genihrsugh $he2didde juliciondi500h0 thatrihéd kigie bebileeh Seduitedk - bi ased

with a voltage of 5 V. Unfortunat t he di ode junction 150
i s back- bi asgd, a’éf?"dh"isf‘iaﬂﬁﬁf“c&ﬁiﬁﬁﬁﬁe%‘#y allew&@”ﬁ@%@wsﬁmwﬁmf#é di ode

junction 150. Thi powkarge | eakage limts the period of tine that the menory
cell capacitor 114 can retain its charge without being refreshed. As a
result, the nenory cell caamtor 114 must be 5 WD 2006/ 060249

PCT/ US2005/ 042420 SUMMARS d KON t her eby causing a DRAM devi ce
containing the nenory cell capaC| tor 114 to _consune substantial power.

[012] There is tlABef ore a Mokt and methed pfvefeshing angmaty, ¢ollstin an @pay ge

| eakage through t Qo %%su {8ebur @a iké%amﬁfe&modefbm h IRtiO RiFeRERodee Ui T ed

refreshes can be increased, thereby allow ng evices to consume | ess

power. SUMMVARY OF Stgheas| aggHNefr @\I“‘P@EB}“ 3&3§9§‘taéfﬁﬂ'aﬂ’d“?ﬂ?t A&l plpte frftheashi ng

menory cells in arprdy [sBlasedtd LRt mﬁg@e&nhtaeoﬂ@wa Supp® magéalmeeélr esh node
or in a static refresh node, .su ﬁa\saself-rer esh n the nornal

refresh node, a c@la® 5 2liebipgA 19 H‘Q rstryoligee; ig thy %%tlé’dref'n?‘amf"?er‘glien\ﬂéﬁ tage, such
as one-half a supphemorPtélRGe befgQeftethdd, wmhmbﬁfetamyadoa&sm as@et h@ndrhe first

voltage in the static refres ells are being
refreshed, which pPrOseEsT E‘Fﬁeltﬂﬁtﬁ@"qs?@e@ at?ﬁ‘i"gfl nﬁ'&ﬁ% rtt es"?%"\ﬁé‘{’/"é modgre cel |
plate is bi ased t avhen #RCAéfory otllsagenot Beibd Rf8dhad. | Thik edcoad VollaPdiRduces

the voltage between the source/drain of access transistors for the memory cells

and the substrate, thereby reducing leakage current from memory cell

capacitors. As a result, a reduced refresh rate can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[014] Figure 1 is a schematic diagram showing a portion of a typical
DRAM memory cell array.
[015] Figure2 is a cross-sectional view filed a typical access

transistor used in the memory cell array of Figure 1.

[016] Figure 3 is a schematic diagram showing a diode junction
formed by the access transistor of Figure 2.

[017] Figure 4 is a schematic diagram showing memory cell of Figure
3 in which the memory cell capacitor has been charged to Vec.

[018] Figure 5 is a schematic diagram showing memory cell of Figure
3 in which the memory cell capacitor has been charged to 0V.

[019] Figure 6 is a block diagram of a DRAM device according to

one embodiment of the invention.



when the nenory cells are not being refreshed. This second vol tage reduces
the voltage between the source/drain of access transistors for the nenory
cells and the substrate, thereby reducing | eakage current from nmenory cell
capaci t or swoAmocosop®ul t, a reduced refresh rate can be pefiu§esos2BR EF
DESCRI PTI ON OF THE DRAWNGS [014] Figure 1 is a schematic di agram show ng a
portion of a typ| cal DRAM penory, cell array. [015] Figure2 is a

cross-sectional RA%w filed Fég“f"yﬂl s block diagram shoydng @aocell plag yolfagene menory

cel|l array of Fi gedléctdr.usddin e DRAMdevice dfFigaredChemat i ¢ di agram showi ng a

di ode junction med by e agccess transjstor of Figure 2. [017] Figure 4
is a schematic (5%% ram sho %'Qegr{f & ISﬁW"ﬁhﬁﬂPgag%nq%ﬁhWbBﬁt% he nenory
cel | capacitor hasoligeseledt@iofEigurt . Vcc [018] Figure 5 is a schematic

di agram showi ng ry cel e ich the ne cell capacitor
has been char geésigo féﬁ“rng 5&”‘60%‘ qgﬁgrag’ %}‘]%@chdfoé&Fﬁﬁosﬁenh“sﬁﬂﬂAM devi ce

according to onet}fbrrhmmmeﬁbeﬁfﬁgdr@m nvention. 6 WD 2006/ 060249

PCTI US2005/ 042420 [020] Figure 7 is a block diagramshowing a cell plate
voltage selector used in the DRAM device of Figure 6. [021] Figure 8 is a

truth table show BETAILERDESGRIFFIONf the cel| plate voltage sel ector of

Figure 7. [022] %Fvbgure 9 is a block diagramaof a processor-based system
using the DRAMINi ce of Ahgurriacipal ?fE'MI pertion=SEranpTeneqdimsp pf e pri nci pal

of the operation gfvemim @metay e hddfory LIV BTV iH8Rm i FEMRWIWHidhed by the
menory cell 110 shown in gure 4, which contains the access tran5|stor

120, the menory cémtale%lslaa%e@? trmﬁtoad&%% megiogy&el] Gracitpnli49nd theas shown in
Figure 4, the memgfode gﬁ\lzdlonq%paCAst%wﬂmlg&eMtﬂe telobyyceiRapadRs 11PisVcc, which

is, in this exanple, previ ousl y

initially charged to Vcc, which 7is, in this example, 2 V. As previously
explained, this condition places 2.5 V across the diode junction 150 is it
results in substantial leakage from the memory cell capacitor 114. According
to one embodiment of the invention, when a DRAM containing the memory
cell 110 shown in Figure 4 is to operate in a self-refresh mode, the DRAM
reduces the bias voltage on the cell plate 116 from Vc/2 to a lesser voltage
Vcce/2 — AV, which, in this example, is a change in voltage from 1V to 0.5V.
When the voltage on the cell plate 116'is reduced by AV, the voltage on the
other plate 118 of the memory cell capacitor 114 is also reduced by AV,
Which, in this example, reduces the voltage to 1.5V. The voltage across the
diode junction 150 is therefore reduced from 2.5 V to 2.0 V. Even this
relatively small reduction in the voltage écross the diode junction 150 can
significantly reduce the rate at which charge leaks from the memory cell
capacitor 114, thereby allowing a reduction in the required refresh rate. |

' [024] It requires a significant amount of powers to reduce the cell
plate voltage from Ve to Vec-AV, so it will generally be advantageous to do
so relatively infrequently. For this reason, the cell plate voltage is preferably
reduced only during self-refresh and any other static refresh mode in which
data are not been read from or written to the DRAM device for a considerable
period. Furthermore, refreshes during this period should occur in a burst mode

in which the entire DRAM array is refreshed in rapid sequence rather than in a



expl ained, this condition places 2.5 V across the diode junction 150 is it
results in substantial |eakage fromthe nenory cell capacitor 114. According
to one enbodi nent of the invention, when a DRAM containing the nenory cell
110 shown iwo Ziogagoed94 i s to operate in a self-refresh mMpaeusidiged2AM
reduces the bias voltage on the cell plate 116 fromVcc/2 to a | esser
voltage Vcc/2 - AV, which, in this exa Is a change_ in voltage from 1V
to 0.5V. Wen thdisibpiedgedein vhich WélOPS??D IBRANiparray arecquiifwausybeing. t he

vol tage on the otdfREheR] M E udind aChurdt Heredle WY, £ WbnsiderBRCHirh®will 2dist S al so

reduced by AV, which, in this t he vol t ag 5V. The
vol t age across th@etwﬂ?"oﬁgeﬂﬁ’%é‘f’ﬁ"% 'sbﬂwe@jm@?eemaée F”é’dli?c’ég““FgS"Hﬁ“Z 5Vto

2.0 V. Even this wgtavivey, ythéiéuayl shv1ﬁ§djdﬁadrﬂﬂe pdwer Beenwaitt tRgexpasdifes t he di ode
junction 150 can ifica }/ redu[g | F e at which charge | eaks from
the nmenory cell & Efgﬁ 1oy redpqing thecell plaf tﬁ%f a reduction in the required
re}‘lreshI rate. l[Q&h] ]Ict reqqhéesquaealr@asﬁ tatea Béuld e Ueduced emvxﬁftﬁertuydreduce t he
ce plate volta .o {0 c-AY, vant ageous
to do so relati vg‘ﬁ‘/""%&%g}ﬁ@ﬁﬁ ﬁaﬁgc??’e“ttﬁﬁ'%er tg%"‘t?ﬁo“g?‘?{éwgg?‘\‘\{g @e vol t age
Is preferably redeegthined|uging ttic ex@mple showneih Fiuke ﬁndwmlaythatrﬂiwror)séeat ic refresh
node in which data are ee dfromo tten t M devi ce for
a considerable pé&FR2 {f{rli}ﬁ%’ﬂsﬁ’&?’h’ﬂft@ ?@f?‘é%@%’hﬁeﬁ Ot eg% % shoul d
occur in a burst wopde cellplatd i histrbduceifroni @ VDRAMS Y thawoltsgeroafthesthed in rapi d
sequence rather th ' 7 VO 20 /068 PCT/ UsS200 42420 . distributed
node in which porf F%nfslgé’?ﬂ}e%e"?ﬂ%ﬁ {fﬂ?ﬁeﬁg‘b%ﬁq’y%‘b“"’ﬁ& % ef r eshed.
By using a burst a&bssewdlmqlmtlm rﬁonsﬁ\deﬂ)&hb(mcéd frem ¥isVI to 6Xi Sowedzet ween
refreshes, during ich th volta can be r d rom Vcc to
Vce- AV, thereby sé‘% ‘éolt%%eogﬁ aée L‘g 33‘% t°atg'f'n‘a'aﬁerrlg‘e%j léevlit?%fre of power
I ncurred in reduciomghetphae d:kSI d>ftb¢ akemoryakl e@acnoﬁ'ﬂﬂﬁ}woﬂlﬂé)ecmmﬂvmenhoreefresh rate
coul d be reduced e fur 1£h&bf¥rwarfﬁi%'sc{hﬁ%3% ncqio}_l I%a u3| d’:l&ﬁeeven

uG0yd Wh
further, the reasOnS ol'n ali ne exanpl e
shown in Figure 51unntmmudm b¢cemcrefmwgrd4bekdd wapau’renbrleakagb hmzuldadan initially

charged to 0 V. Tharoifhar MR tRGwYE Hid8S the diode junction 150 could be

prevented by making the substrate voltage VDD even more negative, but

doing so would consume substantial power, might interfere with the operation
of other portions of the DRAM device, and, by increasing the voltage
differential between the store lvoltage in the substrate as well as other
differentials, might increase charge leakage in other respects. The need to
prevent the diode junction 150 from becoming forward-biased therefore limits
the extent to which the cell plate voltage can be reduced in a static refresh
mode. '

[026] A synchronous DRAM (“SDRAM™) device 200 according to
one embodiment of the invention in the shown in Figure 6. The SDRAM 200
includes a command decoder 204 that controls the operation of the SDRAM
200 responsive to high-level command signals received on a control bus 206.
These high level command signals, which are typically generated by a
memory controller (not shown in Figure 6), are a clock enable signal CKE¥, a
clock signal CLK, a chip select signal CS*, a write enable signal WE*, a row .
address strobe signal RAS¥*, a column address strobe signal CAS*, and a data -
mask signal DQM, in which the “*” designates the signal as active low. The
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on the cell plate 116 is reduced fromlV. to 0.5V, the voltage on the other
plate 118 of the nenory cell capacitor 114 is reduced to -0.5V. The vol tage
across the diode junction 150 is therefore reduced fromO0.5V to OV. However,
i f the vol waymosiécordae cell plate 116 was reduced to a gpepuSidxbagt, the
voltage on the plate 118 of the nenory cell capacitor 114 mould becone even

nore negative, and ht forward-bias the diqde j ctlon 150. Is the
di ode junction 18@“‘5@'@éjﬁﬂ’dF ngg%qsgggalgnqeﬁgcg{nqur\gmgn? é%?ﬁ%é“’?/\[?ul d be

extraordi narily highsgh letereomp@nd sigals® dah9 oilt adefundtioe (d.@Na 1:&6 dgaul d be

prevented by makin e.su rate vgltage even.nopre n | but d0| ng

so woul d consune 88%;9 gﬁtb t%ﬁ lg%f lev ngsﬁlﬁ% ﬁ% %@F’atlon

ot her portions of tlteknemWﬂehederm4 canrtpexhyandmbaﬂsa Copnriidne woiutsag&

differential bet ore n.th trate a as ot her

i fferenti al s, m SARAMS BleER Setftre@Hodk abl e St Sl n0 3.1t 1o

prevent the di odeaqtuacﬁirmpenb&O Thesammhmamimm’rglsf amMechabneasmdrhtcheh@f ore limts

the extent to whi ol t age can bere tatic

Fofreshmode. T osupRRiey B BREHE KRR ARl 18 BB g 1o

one enbodi nent of inttdrest pf\bzemity canﬁ:rthertelmlaxmltlomf rtlresd:cgnmmdﬁsjgn‘ilsewsuﬁAM 200

I ncl udes a commnﬁ ﬂ,p oder 204 that controls the operation of the SDRAM 200
e

responsive to hig Vel command signals received on a control bus 206.
These high | evelloZbmrand sThndDBAMIN dicheleeart addieserediytergki A ¢lian teecivisy a menory

controller (not s cl ock
si gnal CLK, (a chi B) se BEW&%Q%S@S&O%?E erﬁ%?%éugza gﬁﬁ\ﬂggéga row
addr ess strobe si gwezmwneraayamligdm aamdnes(s:ostrcrlbbelosslgwalmBA@'EG)and a data
mask si gnal vk | | ow. The
8 WO 2086/ 060249 é(ff’%@ged%} ﬁeﬂ]ﬁ? ?ﬁ%?#m@%géggcod%&%gf%e%@taztAelng a sequence
of command si gnal epplied tonriwaddress multiplexsr gi8) dhe rove addness chudtiplpred 218t 0 carry

he f [ he hi gh
Ol o) e function téplks tnedoh S8deflio il bELorifRbL AL AL Sl AR6ReOls L NE, 11 O

| evel command signal's or exa e co can receive and
decode a command twe wemerg bapks 220 222 dependmg upon the state of a bank address bit

forming part of the row address. Associated with each of the memory banks
220, 222 is a respective row address latch 226, which stores the row address,
and a row decoder 228, which decodes the row address and applies
corresponding signals to one of the arrays 220 or 222. The row address
lhulﬁplexcr 218 also couples row addresses to the row address latches 226 for
the purpose of refreshing the memory cells in the arrays 220, 222. The row
addresses are generated for refresh purposes by a refresh counter 230, which is
controlled by a refresh controller 232. The refresh controller 232 is, in turn,
controlled by the command decoder 204.

[028] In accordance with one embodiment of the present invention,
the refresh controller 232 is coupled to a cell plate voltage selector 234. More
specifically, the cell plate voltage selector 234 receives complimentary control
signals C, C* that cause the circuit selector to apply either a normal bias
voltage Vy or a static refresh bias voltage Vr to the cell plates in the respective
memory banks 220, 222. In the embodiment illustrated in Figure 6, the
normal bias voltage Vy is 1V, and the static refresh bias voltage Vg is 0.5V.

[029] In operation, when entering a static refresh mode, such as a

self-refresh mode, the refresh controller 232 applies control signals C, C* to
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SDRAM to enter a self-refresh node when the SDRAM i s expected to not be
active for a period. These command signals, and the manner in which they
acconplish their respective functions, are conventional. Therefore, in the
i nt erest ofWwdreséedyso a further expl anation of these conpepdssogsals W ||l be
omtted. [027] The SDRAM 200 includes an address register 212 that receives
row addresses and col ga}ﬁadd{esses through an address bus 214, The address

bus 214 is gener allisyccHRitte daltags selegtrndfyiat savsedt foedisontue SAERIREIHE Fi gure 6).
A row address is g6lge Ity theiceB plate iadhe/ ety bhrdke 220)dP B&RI ihsk@d shgle 212 and

applied to a row address | tipl exer 8. The row address |.tiplexer 218
coupl es the row a(aﬁllfrvggggct\g‘ytaﬂfﬁfﬁ]géf“%fzpl TIop i Bitates rgfg?g(??%ﬁy&’gﬂ%’gw ei ther of
]'Evvo menory banllfs %ﬁ&xenﬁs&cgemnﬁﬁ be@aks! R20) ﬂg,eﬂxstrﬂﬁﬁhaﬁntﬁ}llbﬁﬁn agpliesess bi t
orm ng part of the row address. soc| at e i t a t he nmeppry banks
220, 292715 a't es SO SRS Sl PeBE SFLPElF YIBE LK 236 db SUEHE R o
address, and a r cvuplieg ddaormal Bias wltagh Vg e thdeell plaes. r Diw refieshesttrotiad appl i es
correspondi ng sig tq .one of the array or 222..The,row address

ol 1 ol exer 915 aPthteh R F o SaRhatal 3% RemfS el i e FHBYC oo 226
for the purpose oanks@R0,220i MYe tefreshrenmslier 23 then canses e @il iplagesvehlizde, 222. The
row addresses are n ed for refresh r peses refre ounter 230,
which is control Iseé%?%?aggoraegﬁ“ecgwec R EPE @ﬁ?se%?i.v Ol%%%& {hgg‘ﬁp%%?ft roller 232
is, in tam cont riothe etrivyy davks 220022 dWilerc exdting 284tic £H&8|mdde, sactcar dance with
one enbodi nent of nt .invention h fresh Joller,232 is
coupled to a cell ﬂ%lhsg{fg&%\;%fp 38%%§é§ﬁééc§ S?nt:fgir%*/%%ll%?g%ng@ﬁlgxgljﬂ (?yc* the cell

pl ate vol t age sel é¢xthercel? Plater waitegeveelecton@Pt thaecauses \it toapply she nayinghlsidss C, C*

t hat cause the cirgcui I i mal bias voltage VN or
a static refresh B’?‘Ek‘éﬁﬁ‘%ﬁ%t&a{ﬂi&&&ﬁﬁé&é’gﬁ”fa’%{‘% ((a)gﬁlrzh the respective
menory banks 22(030222. | n tAfier éwirodiaddress hiab beestapplied do ithe addigssregi@er t he

Porml | b a5 ol a4 X ko o0 50 EELSR) i ldagh V15 0.5V

sel f-refresh node applied te dlier adshes eagisteo[212r The 2ddness| tegister 3k eaiplesithgnal s C, C*

to 9 column address to a column address latch 240. Depending on the operating
mode of the SDRAM 200, the column address is either coupled through a
burst counter 242 to a column address buffer 244, or to the burst counter 242
which applies a sequence of column addresses to the column address buffer
244 starting at the column address output by the address register 212. In either
case, the column address buffer 244 applies a column address to a column
decoder 248.

[031] Data to be read from one of the arrays 220, 222 is coupled to
the column circuitry 254, 255 for one of the arrays 220, 222, fespectively. The
data is then coupled through a data output register 256 to a data bus 258. |

[032] Data to be written to one of the arrays 220, 222 are coupled
from the data bus 258 to a data input register 260. The write data are coupled
to the column circuitry 254, 255 where they are transferred to one of the arrays
220, 222, respectively. A mask register 264 responds to a data mask DM
signal to selectively alter the flow of data into and out of the column circuitry
254, 255, such as by selectively masking data to be read from the arrays 220,

222.
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WO 2006/ 060249 PCT/ US2005/ 042420 the cell plate voltage sel ector 234 that
cause it to discontinue coupling the voltage VNto the cell plates in the
menory banks 220, 222 and instead couple the voltage VRto the cell plates.
Prior to iwbDt2nastiosergs a refresh of any of the rows of nesEnys68lks2é N t he
banks 220, 222, the refresh controller 232 applies control signals C, C to
the cell plate voltage selector 234 to cause it to coupling the nornmal bias

voltage VN to t H83tel| pl atOwe embadiment ot acel] plagriroltage selector2yd thahean benj t j ates a

burst refresh of aeli #3fthé kel PREDNtagLbdisstor RirbliE2TEHDMY STIRAMS0820F, 222. The
refresh controller, 232 then causes the cell Bl ate vol?tét%gg?q sel ector 234 to

agai n coupl e t he EigUieiods shawnde Figyreds Ths el gletoltegs s ingdpdes 8s i n t he
menory banks 220, palPeX.paid@ates 270, 279 @ataresdodtrolRd be the R6MroreigRals SWinas the

sel f-refresh node, the refresg.econtrolle&rﬁ 6532 ggj?bea ﬁ,,gentrol siﬂnals C C
to the cell plate™gYler HgLcausss Depess eatgsiofR 3 ‘E"é"ﬁ fed {%e 2ASHE4E 47he nor mal
bias voltage VN iseobifled watdeivph abmal 0dltagd ¥y GEVEYY whitdhe pasd @ate 224is [ 030]
After the row addres [

has been applied to,fhe address register 212 and
stored in one of ?"r‘n‘BFcfio% EFaﬂY%ésg‘ﬁgt E"?@? 5%,"03"%0 B §G‘Eﬁ'e3é‘ the  appl i ed
to the address reghbddafien? $Rownlih Figaftdr, 8%8 iy @Ualtb @rvols, 20 0RURIiCEukIe col um
address to a colu a ess. |l atch . endi on the operat.i node of
t he SDRAM 200, th tﬁ%wgﬁﬁﬂ?iéo ﬁggeiﬁ‘gvercf} I%‘gtaﬁ?rc&ﬁg’ﬁuéed' Bﬂrst count er
242 to a col umm aeitherase, thisé wiltagdd dre pesvided by bumvéntioad] neansnt er 242 whi ch
SForting at thelBHl umm' addiBS S8 BRac By 21 eTHAG SUERCGIET JoA L5 | n e t her
case, the colum ¥ggd4 as Biffefeptial 2duplifippR80e sondigred uonopaddr &S5 vbitaga col umm
decoder 248. [031}] . .Data.to be read fr . Of e arr , 222 0'S
coupled to the c%ﬂ"ﬁ?ﬁ‘f’ 3&’?8&‘???3%55’?8%3%&"0 %tBP"?lﬁél%Tﬁ%ggﬁs‘ﬁzo, 222,
respegt i velby. gggwemggcgm iéathlaaﬁ, e Ly pliciert Mc@ﬁgz&edia: a \(ﬁuagwblldv&gizgger 2%26
to a data bus | ta to be tten to.one of the arcays

Itag g)& u{ﬁlxragls aétt ltﬁgg eg%og on- o
are coupl ed fronfRPHE 3¢ f)ssz%%’ FAp3L 19 15 P88 SPRYEE BET0 The wri t e
data are coupl ed invetithinpaditiniTheiamplifier280 BasApfiidioht cotrenterivéneyuiakle _
Lranstorred 10 ONgind B B %o ofie? voT? 8 vi S BERhANE LY wndl R 00T STt
272, 274 is conductive.

[035] The operation of the cell plate voltage selector 270 is

summarized by the truth table 296 shown in Figure 8. During normal
operation of the SDRAM 200 or when memory cells are to be refreshed in a
burst manner during the static refresh mode, the refresh controller 232
(Figure 6) outputs control signals C,C* of “1,0” to make the pass gate 272
conductive and to make the pass gate 274 non-conductive. The differential
amplifier 280 then receives and applies to the cell plate 290 the normal bias
voltage Vi of Vec/2. During the period between refreshes in the static refresh
mode, the refresh controller 232 outputs control signals C,C* of “0,1” to make
the pass gate 272 non-conductive and the pass gate 274 conductive. The
differential amplifier 280 then receives and applies to the cell plate 290 the
static refresh bias voltage Vg of Vc/4. ' |

[036] The SDRAM 200 shown in Figure 6 can be used in various
electronic systems. For example, it may be used in a processor-based system, ‘
such as a computer system 300 shown in Figure 9. The computer system 300

includes a processor 302 for performing various computing functions, such as
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signal to selectively alter the flow of data into and out of the col um
circuitry 254, 255, such as by selectively masking data to be read fromthe
arrays 220, 222. 10 WD 2006/ 060249 PCTI US20051042420 [033] One enbodi nent

of a cell plodoBsosaitdbage sel ector 270 that can be used apcti§066d4hazp! at e
vol tage selector circuit 234 in the SDRAM 200 of Figure 6 1s shown in

Figure 7. The cell plate voltage selector 270 includes a pair of pass gates
272, 275 that ar e c&estingpppesidic softyvare te pRHeTBY sresifif spleulationgoritasksy Thganner t hat

causes the pass ggkRessbo3(2anchides b Pricekor 1a§ 36 B nothdlyRAdSded M Rldké? 1S
coupled to recei vg a normal . voltage VN of Vc%)lz while the pass gate 274 is

coupl ed to recei vOUS SEAHTPLbYSepRd:E afgibys \Jppidition. the epmpytersystem 304 e

enbodi ment shown iifthfded @hé orf moMC MphiSdeR ek 14, Queh 04 kSyboa HGLmdudes €qual to
IV, and V&4 is equal .to 0.5V. ot her vol tages can_be used. In

0.5V Hovve\é@r, L
either case, thes&YRFd iyl BIPEEsIOF G072 de iy AWoPRFERIRT Bnilferfagealeh they34] The
pass gates 272, 2%4mpittedysta a0y, TosIEHNS, 1B tdiiutey Sttt 900 aldiCiGiélddel Ona

differential anplifier 280 confi ed to operate a voltage, follower. The

out put of ¢ he anpIOr OB Ousal dvices 1 saupled tp e pragessop PO auoheayiplisdevioes

vel : - known i In t he tgidally bbigg ilﬁﬂﬂ{térfoirr] QWid?@ﬁnﬁﬁml‘ O@&lélﬂﬁoraﬂatasﬂdﬁké RYRed o:jl ower

applies a voltage its outpyt that is equa t voltage applied to its

non- inverting i nﬁﬁlgar(e'aso)wp‘%"%l’r‘?%ﬁit?%P%@W’hﬁ%“’sﬁpm%?@ Sst‘?El%?ent drive

E/\,ﬁ qui ckly drive té breCdtd inr ateievefitd Bor@iirtdiadl oVetmalogtor¥getrhelia @ependi ng on
at pass gate 272, 274 is conductive. [035] The operatign of the cell

pl ate vol tage sel &GP %?6’"?@5 °g§'r?1‘f’§¥ Ftﬁ'?;féf g‘i}'l“‘?‘hg&t F@ﬁ‘ﬂeﬁ‘ﬁrglaégé]@@yshovm in

{:i ggre 8]; DuLi gg_ rmkﬂndge c@qa&ft e@,tahmﬂortﬂfacf_tdiskrtmlﬁh trﬁ?@oﬁb& (?Dmrl]\@mé’ fﬁl |s are
o0 be refreshed in_a , ner .durin e, static refresh no e

o resh contr ol I erosssor {Ris gl Rsalf Spiiflss SRS pahoS Gha s el 10 (o

make t he pass gat atafld Zanderackisss mereor I(ERAMypaed tb It SIRAMOZ00 ehrduph a

non- conductive. The differenti lifier 280 t recei ve nd applies to

the cell plate 290"¥HY ﬁ8‘?t¥93fr @40615'[‘758}"’{’“8%“\9%8‘5?kﬁ@@cwae'&@ﬁ%st%e peri od

bet ween refreshes comral lbes 33¥6aind an nddrese bins 338 that are coupled to the SDRAM 200.

A data bus 340 is coupled from the SDRAM 200 to the processor bus 304

either directly (as shown), through the memory controller 330, or by some

other means.

[037] Although the present invention has been described with
reference to the disclosed efnbodiments, persons skilled in the art will
recognize that changes may be made in form and detail without departing from
the spirit and scope of the invention. Such modifications are well within the
skill of those ordinarily skilled in the art. For example, although the operation
of the cell plate selector 270 has been primarily discussed in the context of use
in a self-refresh mode, it will be understood that it may also be used in other
static refresh modes. Also, although specific cell plate voltages and voltage
ratios has been discussed herein, it will be understood that other voltages and
voltage ratios may be used. Accordingly, the invention is not limited except

as by the appended claims.
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node, the refresh controller 232 outputs control signals C,C- of "0,1" to
make the. pass gate 272 non-conductive and the pass gate 274 conductive. The
differential anplifier 280 then receives and applies to the cell plate 290
the stati wombgestuobi as voltage VR of Vcc/ 4. [036] Thepm%%zﬁhom in
Figure 6 can be used in various electronic systens. For exanple, It may be
used in a processor-based system such as a conputer system 300 shown in
Figure 9. The conputer system 300 inqéﬁgﬁﬁﬁa processor 302 for performng
various conputing functions, such as 2006/ 060249 PCTI US2005/ 042420
executing spec%@iq software to performspecific calculations or tasks. The
processor 302 imel s a processor bus 304 that normally includes an address
bus, a control bus, and a data bus. In addition, the conputer system 300

i ncl udes one or nore input devices 314, such as a keyboard or a nouse,
coupled to the processor 302 to allow an operator to interface with the
conputer system 300. Typically, the conputer system 300 al so i ncludes one

or nore output devices 316 coupled to the processor 302, such output devices
typically being a printer or a video termnal. One or nore data storage
devices 318 are also typically coupled to the processor 302 to allow the
processor 302 to store data in or retrieve data frominternal or externa
storage nedia (not shown). Exanples of typical storage devices 318 include
hard and fl oppy disks, tape cassettes, and conpact disk read-only nenories
(CD-ROMB). The processor 302 is also typically coupled to cache nenory 326,
which is usually static random access nenory ("SRAM'), and to the SDRAM 200
through a nenory controller 330. The nmenory controller 330 nornally
includes a control bus 336 and an address bus 338 that are coupled to the
SDRAM 200. A data bus. 340 is coupled fromthe SDRAM 200 to the processor
bus 304 either directly (as shown), through the nenory controller 330, or
by sone other means. [037] Although the present invention has been
described with reference to the disclosed enbodi nents, persons skilled in
the art wll

1. A method of operating a dynamic random access memory
device having an array of memory cells that require periodic refresh, each of the
memory cells including a memory cell capacitor formed by a cell plate that is

common to the capacitors of a plurality of memory cells, the method comprising:
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recogni ze that changes may be nmade in formand detail w thout departing from
the spirit and scope of the invention. Such nodifications are well within
the skill of those ordinarily skilled in the art. For exanple, although the

oper ati on wof2bdiomel | plate sel ector 270 has been pri npgibssosigssgssed in
the context of use in a self-refresh node, it will be understood that it
may al so be used in other static refresh nodes. Also, although specific

cell plate voltages and wohhegenl opabtingamddesbibdngthdicslt plated alfrstaioltaget t Wi | |

be understood that other yolt s and voltage ratios be used.
Accordingly, the inventi 8\5(‘55 §V‘?ﬁ‘§lﬂn% ﬁ’ﬁi"ﬂe r%%g‘élﬁ? %og’sowna{oﬂematﬁf)é’ﬁ%ad cl ai ms.
12 WO 2006/ 06024 8deP{oT 6pdttidAShOf SARE reffesiim\fde, Wilsiif ahdtelAplatd too8 sedon@per at i ng

a dynanmi c random access nenory device having an array of nemory cells that
require peri odiYPlﬁaé?’resh, each of the nenory cells including a nmenory cell

capacitor formed by a cely yjlshi rtthah node, ﬁeﬁaaiew@fr&én\ﬁ/\%qa&ﬁﬁmo &gl a
plurality of nenory cells, the nethod conprising.” 13 200 6/ 060 24 9

PCT/ U52005/ 0424ipghe array-duning maefreshencriod inderspsered vithasquigscenioetied in phishe to a
first voltage; ftar, sw ' t, pggpr ' atian jn.the
normal node to %%8 rogtﬂlleol\#e%%wa&gltsalpie&é re r%es ﬁ&%ggﬁésg&;‘gﬁéﬁgﬁl cgﬁc% dpI ate to
a second vol t adsping substirtiallg iatgecthaethe ecftesinpetind; peri odi cal |y refreshing the

menory cells in the arra ur j refresh period interspersed with a

qui escent period in whi CHX tﬂ%ﬁ"@ggfrgff‘?”?ﬁ “méf?mb %Iﬁgg c?]}l'p[leﬁg tgthegecond pejng
ref_reshepl, t he m{aggﬁ&ﬁmgtﬁ@didjégdentlpgﬁ@g sgbstantial ly longer than the refresh
period; in the static refresh npde, biasing the cell| ﬁl ate to the second

vol tage during the qui esd®he saticirefeshimpde Haasingibe cell pliederhafiest voltagasi ng t he
cell plate to t&lﬁin@tﬂe%ﬁ%’s%'ﬂeﬁgﬁ’; anfuring the refresh period; and
after switching the memory device from operation in the static
refresh mode to operation in the normal mode, biasing the cell plate to the first

voltage.

2, The met'hod~ of claim 1 wherein the static refresh mode

comprises a self-refresh mode.

3. The method of claim 1 wherein the first voltage is
substaxitially equal to one-half a supply voltage for the dynamic random access
memory device, and the second voltage is less than one-half a supply voltage for

the dynamic random access memory device.

' 4, In a dynamic random access memory device having an
array of memory cells that require periodic refresh, each of the memory cells
including a memory cell capacitor formed by a cell plate that is common to the
capacitors of a plurality of memory cells, a system for reducing the power
consumed by the memory device when the memory device is operating in a static
refresh mode comparéd to the power consumed by the memory device when the

memory device is operating in a normal operating mode, the system comprising:
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after switching the nmenory device fromoperation in the static refresh node
to operation in the normal node, biasing the cell plate to the first
voltage. 2 . The nethod of claim1l wherein the static refresh node

conpri ses wosmbdosombr esh node. 3 . The nethod of clai mpci&heigidhe first
voltage is substantially equal to one-half a supply voltage for the dynamc
random access menory device, and the second voltage is | ess than one-half a
Zuppl y vol tgge for the d)tmg(coﬁtﬁﬂldﬁgenamg%ﬂMEagﬁaldwé@eethémcn%dlﬂya )
ynam ¢ random agcess menor e hav n, arra ry. cells that
require peri odicﬁﬁsr@ftiﬁfﬁayé‘g@ﬁr es}i‘?ﬁ‘e‘“ﬁt‘?ﬁ?‘?‘%@?‘?@“ﬁ’ﬁ&‘%ﬁﬁ@ the s@Hory cel |
capaci tor fornagrdy xﬁo@eelthe RefRdsR cBHl?éllef fbe grmfhble%t BéherfteRafist 06riropf a
plurality of menory cells, a systemfor ucin power consuned by the
menory devi ce vﬁ*@ﬁly rfherslypargisyfagdom @c@gémmcrm 43M1°9 igteperaging rinfthesh node
compar ed 10t BGlpeRRRS UARE doidiniBYRlte EME ot Rl BEry AR, devi ce
is operating in mal ©perating no e system conprising:

20061060249 PC'KiprSﬁﬂg)ﬁn/ the Qtéﬁ@reﬁaslr mbdmkl tixomefresi doatrolipe e geaietating canttot ol
signals to cause the nenory, cel ray t e refreshed in the normnal
operating node SSTAISi TR tayse stP%\tI?eénorYé’F eérh Gé?yg?\g’er'éegrfgé%’ ?Zﬁwf%}[ﬁslf er being
operabl e to gengh@dlRr deingldperableforgeherats iagstadndbeiftol £gnadl Yt te AR access
menory device is operating in the nor mal operating, node or when the dynam c
random access FBRASHAGFEES BSIOEY desies, 15iqPREFting 1B ke giptig refreshmoderanddhe and t he

refresh controltgdshican@8ie idhbi nEﬁﬂﬁg” 8dntrof 53AAL o bAusE MSehbRy EBHER Y cells

in the array to be refreshed, the refresh controller being operable to
generate a secdh@laf(ﬁdrt@bgrefmsquahndmen the dynamic random access nenory

device s operating i t0SuRpakd Gorafd LRSI UBMSe TR ook hiE R GOpl O Ler

is not generating contro cause menor he array to
be refreshed, awel phatecef khepairm}e theodellgiate yolteget wlectop lbpllng cbperableetor apply a

controller and to t c arra e.c ate voltae

sel ector bei ng rgﬂ'gq,lg:&qs voﬁ@g%gcbﬁy cal? pla%e responswx to tthe first contr%l signal and 9
apply a static refresh bias voltage to the cell plate responsive to the second control
-signal:-

5.  The system of claim 4 wherein the first and second control

signals coupled to the cell plate voltage selector by the refresh controller comprise
complementary signals. '

1

6 .  The system of claim 4 wherein static refresh mode in which
the refresh controller is operable to generate the second control signal comprises a

self refresh mode.

7.  The system of claim 4 wherein the cell piate voltage
selector comprises:

an amplifier having an input terminal and an output terminal, the
output terminal of the amplifier being coupled to the cell plate, the amplifier
applying a voltage to its ‘output terminal having a magnitude that is proportional
to the magnitude of a voltage applied to its input terminal; and

a selector circuit receiving a first voltage and a second voltage, the
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normal bias voltage to the cell plate responsive to the first control signal
and to apply a static refresh bias voltage to the cell plate responsive to
t he second control signal 5 The systemof claim4 wherein the first and
second conwoaoos/so@mal s coupled to the cell plate volt agereQb@flstihe DY t he
refresh controller conprise conplenentary signals. 6 The systemof claim4
wherein static refresh node in which the refresh controller is operable to
generate the seekadr coniir Bding caphd t@ﬁdmlvé gesfist aiakfondedonestsigiatidrom’ The

system of cl ai ein the cel] te olta sel ect C ri.ses
a)r/rpl ifier havi ﬁb“&#m?‘h 0518% e rselectin @re Eﬁralrlsmcwaeﬂl? ﬁg*?"‘e}ﬁ‘%ut

termnal of theoaRPlrpht Grmbei @gmlﬂﬂr&&RBM&elm Hratt @ntrbN& afl er
appl ying a vol t age to its output term nal having a magnitude that

proportional tisingperabipiorcourle dhe sgeand| voliage '@ﬁ‘f’ﬁ jngut tewninglsof; th?)%mpltf@F ni nal ;
and a sel ector vol tage and a second vol t age, the
15 WO 2006/ 0602@%06%%83%8%}%2%&%8“1@ect or circuit being coupled to

receive the first and second control signals from the refresh controller,
the selector circuit beiny. opdhabysem of cleim| 2 wheeeit ithesamplifier dgea unity t he

i nput term nal [ si_gnal and
bei ng operabl e 0 couaﬁatgpﬁgevg%acg;ﬁ%&\%gﬁl%ﬁg eﬂuél?ﬁe |dr’1o u lgér%%qr? aﬂ({' t he
anplifier respbhascoml mﬂtagblis sabﬂmmdllywqwrmlthesstqnahfresﬂi biasNoftageyst em of claim
7 wherein the anplifier has a unity gain so that the first voltage IS

substantially equal to t bi as. vol t econ age IS
substantially equal to the st;ﬂaﬁy fecl"’}'imb?gakgh ﬂ’idlgs”@ se g %’&’8 em of
clai m 7 wher ei rsignhl§ cbinpled torthe calapl@tedonagretséleétorlsytgaaéfﬁeslsebercﬂldr ¢aprise cel |

plate vol tage sel ector by the refresh control | er conprise conplenentary
signal's, and wfemglementaay signals; gpd HieFn Joes selegien POIBP“‘i?PoasQ’a“chuﬁP%d pass

gates control | edyh¥a fﬁk‘% ghles %Bntﬂﬂl@d Efﬁﬁrfﬁstsdngf},@éo%d s ,Pﬁé Pad3hRS bhRY
operable to alternately couple the Tirst and secon t ages, respectl vely,
to the operable to altemately couple the first and second voltages respectlvely, to the

input terminal of the amplifier.

10.  The system of claim 4 wherein the normal bias voltage is
substantially equal to one-half a supply voltage for the dynamic random access
memory device, and the static refresh bias voltage is less than one-half a supply

voltage for the dynamic random access memory device.

11,  The system of claim 4 wherein the refresh controller is
operable in the static refresh mode to generate control signals to cause the
memory cells in the array to be refreshed in a burst followed by a quiescent period
that is substantially longer than the period during which the memory cells were
refreshed.

12, A dynamic random access memory (“DRAM”) device,
comprising:
a row address circuit operable to receive and decode row address

signals applied to external address terminals of the memory device;
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input termnal of the anplifier. 10 The system of claim4 wherein the nornal
bi as volt.age is substantially equal to one-half a supply voltage for the
dynam ¢ random access nenory device, and the static refresh bias voltage is
| ess than weewbedsb248 supply voltage for the dynam c rapgpn menory
device. 11 . The systemof claim4 wherein the refresh cont r%ﬁ @?ﬁos
operable in the static refresh node to generate control signals to cause the
memory cells in the array dofuniifaddedss REBEE opdtatie b Feekive tnld leBsledo @IV escent
period that is substanti al ky | onger than_ the period during which the nenory
cells were reiaii‘i‘g??eséﬁn S PPPACH) thenfxternal AAdRISATERRAS;: reory (" DRAM ) devi ce,
conprising: a row addr esgy Girhf B meRRRS BdllsCedeR of $HEILY fachidds HatkAibey £QY addr ess
signals applied to external address term nals of the nmenory devitce, 16 WO
2006/ 060249 PCFarssitoniorpadhy @ celhplets| thatris eefamensts the eepacitorgpép pbirdity of r ecei ve
and decode col i | i o] t ddr es

termnals; an ﬁgr" gfﬁ% %@?}s{)@y&?%ﬁ%ﬁﬁgaﬁéﬁgg& cﬁﬂ??ﬁﬁénﬁeg%ees%a&onén%arm y cell
capaci tor for naditten ta anélréadpfrah ¢he fredy dta locativnletermineé byathadedodédsron a
plurality of | ls. in the arr t he in_srmry cell s being operable

the memory c ,
to store data %Fﬁ%ﬂd%“ﬁﬁ@q’:&%ﬂfdfcf’h’mntqaﬁ‘é‘eﬁﬁsﬂwsat a | ocation deternined

by the decoded row addr g@ggadSd#5dth cAbt bptatiteeOshf]cCiehd Ahta 3RS FonSi gnal s;
a read data path circuit operable to couple read data signals from the

array to ext er AR areaytte extema dpla rmginals REthemagiory deiGese; a write data path

circuit operable to couple.yt ke Qlﬁtcﬁcﬁ{%@ib?e 'Bblelifie Slaighals sl 2

termnals of the nenory device aﬁd to couple the wite gata signals the

array; a commafit exsemaledats parminalscof the deanoaty davipd andiité cpuplé theowritendhta si gnal s

applied to respective external command term nals of the nenory device, the

command decodel’sl,gn%lﬁ?ﬁ?fg”{?%rabl e to generate control signals corresponding to
a command decoder operable to decode a plurality of command

signals applied to respective external command terminals of the memory device,
the command decoder being operable to generate control signals corresponding to
the decoded command sighals;

a refresh controller coupled to the command decoder and the array
of memory cells, the refresh controller being responsive to control signals from
the command decoder to operate in either a normal refresh mode or a static
refresh mode, the refresh controller being operable to cause the memory cells in
the array to be réfreshed in the normal refresh mode and in the static refresh
mode, the refresh controller further being operable to generate a first control
signal when the refresh controller is operating in the normal refresh mode or when
the refresh controller is operating in the static refresh mode and the refresh
controller is causing the memory cells in the array to be refreshed, the refresh
controller being operable to generate a second control signal when the refresh
controller is operating in the static refresh mode and the refresh controller is not
causing the memory cells in the array to be refreshed; and

a cell plate voltage selector coupled to refresh controller and to the

cell plate of the array of memory cells, the cell plate voltage selector being
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t he decoded command signals; a refresh controller coupled to the command
decoder and the array of nenory cells, the refresh controller being
responsive to control signals from the conmand decoder to operate in either
a normal relormwedweomde or a static refresh node, the repeBakhosaibdg! | er

bei ng operable to cause the nenory cells in the array to be refreshed in
the normal refresh node and in the static refresh node, the refresh
controll er furbopenblbab ragplgpen@hialsbia@ vghmrtatﬂ& eelf platt respukivelto tisl fisal when
the refresh controller tin nor res de or when the
refresh cont rol*PEf° 18?”6@93&?‘?@ f’é"fqh‘?l?%v‘?qug? ‘ﬁn‘ B QHBSPPH%V‘? efresh
control ler is ¢atheisebnl ld6ntFoRBiBAM. ceIIs inthe array to be refreshed, the

refresh controller being operable to generate a second control S|gnal when

the refresh controller ji.s oper n,the static refresh node and. t he
refresh controller is not - ca @e‘ﬁ‘ﬁ? PW&I“@"?‘?‘P&‘H@TS&PP%PC? M pe
refreshed; and camﬁalsignais%spw&iot ®E%eP ae&&mg&mk&doytme k&fekie Shtfopet 1 Ol | er
and to the cell plate of the array of nenory cells, "the cell plate voltage
sel ector bei ngcommmm@mﬂsnm/ US2005/ 042420 operable to apply a
normal bias voltage to the cell plate responsive to the first control

signal and to apply a Stlg“ c Tl?efIPm Hév?n% o¥§iaﬁ%g@%ﬁﬁﬂﬂ & eheﬁhﬁ&% ai m 12

responsive to the second control signal. evi ce

wherein the fi urswhmhothsee;fmahi contraller ¢ omayhabsgeoqapl thel seavnd eentoadIsignpl at e

vol t age sel ect he ef.resh ontrol | er conprise conplenentary signals.
14 . The DRAM cheetso elffegfe% ?/i,herel n static refresh node in whi c% t he
refresh control I er is operable to generate the second control signal
conprises a self ref r eshiSnodeThel PRAMhdevioRAM deim d2 eherimitim déll phater ei n t he
cell plate volt ect or corrprl ses: an anplifier having an input

termnal and aﬁo ﬁ@ %?‘Wfﬂﬂ'i? the output termnal of the anplifier being
coupled to the cell pl at@nmhbleﬁ@rmbingla@rmpwmhmngnaamiutp%gemhmaltﬂ& out put

term nal having a magnitude that js proportional
output terminal of the amplifier being coupled to the cell plate, the amplifier

applying a voltage to its output terminal havmg, a magnitude that is proportional
to the magnitude of a voltage applied to its input terminal; and

a selector circuit receiving a first voltage and a second voltage, the
selector circuit being coupled to réceive the first and second control signals from
the refresh controller, the selector circuit being operable to couple the first voltage
to the input terminal of the amplifier responéive to the first control signal and
being operable to couple the second voltage to the input terminal of the amplifier

responsive to the second control signal.

16 . The DRAM device of claim 15 wherein the amplifier has a
unity gain so that the first voltage is substantially equal to the rllormal bias voltage,
and the second voltage is substantially equal to the static refresh bias voltage.

" 17.  The DRAM device of claim 15 wherein the first and second
control signals coupled to the cell plate voltage selector by the refresh controller

comprise complementary signals, and wherein the selector comprises a pair of

18



to the magnitude of a voltage applied to its input termnal; and a sel ector
circuit receiving a first voltage and a second voltage, the selector
circujt being coupled to receive the first and second control signals from
the refreswomoedosodsber, the selector circuit being operg®gslogsfagisp! € the
first voltage to the input termnal of the anplifier responsive to the
first control signal and being operable to couple the second voltage to the
i nput term nal cafsscoplainpaks fiter controlqibysthy €irst @and h@oﬁdasl@ﬁais alnpdsOkated gnal . 16
. The DRAM devi ce of ¢ |m15 erel h lifier unit

hat tho 11 st BGOECREDE L it chuple e SafER steorfl aoRmemar PR B | age,
and t he second i @g@m,@]gﬂ@,@m@hﬁa{ ly equal to the static refresh bias

vol tage. 17. The M devi ce of claim 15 wherein the first and second

control signals coupled to t pl ate v e selector by the refresh
controller conprise conpl-ene %M&%&‘F% O?éii?élgv\ﬁe?” praiy the nogpalchias
conpri ses a pabblge is AbsHAhAGQRIAG0ABRATLIBROARIRA R ayiiRsuyp! od pass

gates controlled by the firs second signals pasS gates being
operabl e to al Beqeshinemgricdayiieeandthefstatie refeashy b%cv@ﬂagwu@sagh;@ onedwlferct i vel v,

to the input levice of claim 12
wherein the notrSWbl ag‘% ﬁgmlkdsrfs s%%g 5, ‘ﬁ?y equa to one-half a supply

vol tage for the dynamc random access nmenory device, and the static refresh
bi as voltage is |ess thalﬁ onellealDRAM denigd yofvgllatnag& fwherdimethelyrefaslc r andom

access menory deV| a m.1 efresh
controller is SB lso raHjeI: sq.‘QA%Ytg ﬁ,eh?sﬁlerg{zlderrgacg%e %Séntfgﬁqﬁelfsﬁgﬁ%?y cells
in the array Taﬁaj?)&)lfeaéﬁ%bdam abmafbﬂmwddﬁydd@mdlttpyn@dmmlesmmhuﬂgr| od t hat
is substantiall | onger thap. the period during which menory cells were
refreshed. 20. l%gﬁrr@‘e‘g &F s‘@g tﬁ?‘“@ﬁ‘ﬁﬁ? @Fl’iﬁm’ﬁhfrﬁﬁ essor having a
processor bus; an input device coupled to the processor through the

processor bus adapted t20.al | Qyrdtassor-bRede/seii, @b@PrisiAg 0 t he conputer system

an out put deV|ce coupl ed to the processor through the processor
a processor having a processor bus;

an input device coupled to the processor through the processor bus
adapted to allow data to be entered into the computer system;

an outpﬁt device coupled to the processor through the processor
bus adapted to allow data to be output from the computer system; and

a dynamic random access memory device coupled to the processor
bus adapted to allow data to be stored, the dynamic random access memory
device comprising:

a row address circuit operable to receive and decode row
address signals applied td external address terminals of the memory
device;

a column address circuit operable to receive and decode
column address signals applied to the external address terminals;

an array of memory cells, each of which includes a memory
cell capacitor formed by a cell plate that is common to the capacitors of a

plurality of the memory cells in the array, the memory cells being operable
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bus adapted to allow data to be output fromthe conputer system and a
dynam ¢ random access nenory device coupled to the processor bus adapted to
allow data to be stored, the dynam c random access nenory device

conpri si ngwoaodeménagldr ess circuit operable to receive arckokomhaanow

address signals applied to external address terminals of the nenory device;
a colum address circuit operable to receive and decode colunn address
signal s applied to tthetoexdata Waittemtjrhnésadtfmnmhcednr:ly aamloaaticwdetdrmmmbyy cells,
each of which inclu | 0 [ c Iate t hat
I's common to the cagtg?:fl%gggd% add&% gnafkoa?lgl 0 5?‘:8&&%?1"5?&/ ﬁé‘i %t he
array, the nenory cells being aaaafdab];&th&ﬁ:u%@ﬂ%&]t%&&ﬂér&ﬂéﬂaﬁ@%/ 042420

to store data witte and read fromthe .array at a |l ocation determ ned by
t he decoded row addr’g%n% "’é‘ﬁ&lt%e’ﬁ%altdﬁ@tm%%ﬂ?/@?)fnﬁmrya‘%&f"@ss signals; a

read data path circuit operablaeytie wg}a& cRast @aérablsusn@uﬁle Weingkie array
to external data termnals of the mem)ré devi ce; wite data path circuit
FIB

operabl e to coupl e vignels fepm the extegnahdaia WFW@%@@?%W‘G@&'@ e#MfAYhal s of
the menory device to the array; g %ﬂ”ﬁ?c%qeld%g&gﬁfa tgpggcggégé g g)e a
plurality of command signals app to respettive external

termnals of the mxvomandsignels applieétcmpmwg‘cmdbconlmmmlgﬁmpaﬂabf thet 0
generate control si qral s orretﬁgc("d
t

d
refresh controller ¢ TEFYse confin %e 8% 83’!g og’ﬁe le(\tﬂ@e’é‘?"&sﬁo rrerm?y

cells, the refresh Cﬁmws&bhe{pob&ng@meamddemdsﬁ;gﬂts[ol Si gnal s fromthe
command decoder to operate in ei static

refresh node
refresh node, the refresh conlarrﬁi\rl’sg‘"°B'€ﬁ!’11 °8B%1F‘ét5‘i’éh° R CP Bdnory

cell's in the array tife Rgay forﬁ&l%gl bdllst {‘lf‘e fé‘ﬁremlcoﬁt?(flfe?%lémgnﬁ%n@ﬂg thn the
static refresh node, the refresh controller further bei ng~ operable to

generate a first corforiel sgnplafromitbncanraandedeceder tocnperatsl inesithewa normal
refresh mode or a static refresh mode, the refresh controller being operable

-
-

to cause the memory cells in the array to be refreshed in the normal refresh
mode and in the static refresh mode, the refresh controller further being
operable to generate a first control signal when the refresh controller is
operating in the normal refresh mode or when the refresh controller is
operating in the static refresh mode and the refresh controller is causing
the memory cells in the aﬁay to be refreshed, the refresh controller being
operable to generate a second control signal when the refresh controller is
operating in the static refresh mode and the refresh controller is not
causing the memory cells in the array to be refreshed; and

a éell plate voltage selector coupled to refresh controller
and to the cell plate of the array of memory cells, the cell plate voltage
selector being operable to apply a normal bias voltage to the cell plate
responsive to the ﬁrsf control signal and to apply a static refresh bias

voltage to the cell plate responsive to the second control signal.
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operating in the normal refresh node or when the refresh controller is
operating in the static refresh node and the refresh controller is causing
the menory cells in the array to be refreshed, the refresh controller being
oper abl e twogessmsezse a second control signal when the refmeboswanbs ol ler is
operating in the static refresh node and the refresh controller is not
causing the nenory cells in the array to be refreshed; and a cell plate

vol t age sel ector coupl ed2t o r &he¢ pabessarbased bystem afidlai 20hwheteihlthepfigt e of t he

array of nenor ells, the. cell plate valtage, selector, being,operable to
Boply 8 nor mal 45 seeonh coutind Stagals Fabied bt efltacs Sl Srlocton B R SRt s
control signal hgolicd capfise dnpledichary 8fhash bias voltage to the cell plate

responsive to the second control signal. 20 WD 2006/ 060249 PCT/ US2005/ 042420

21. The processor-based gystem of claim20 wherein_ the first apd second
control signals coupled to th Eéﬂrqwﬁpg}’%ge@cﬁyﬁtﬁﬁe%é auR +29r “%‘ﬁrefrhéta?‘éfresh
control | er coONMefi&l mOEPINSWERIch dhe/refrbdh@nfrollérdis opbRbRIE RAGRE HasQensYSt em of
claim 20 wherein static refresh node in which the refresh controller is
oper abl e to gerfontglsignpkcamprisatia sefgefrgsbimosiegnal conprises a sel f refresh
node. 23 . The processor-based system of claim20 wherein the cell plate
vol tage sel ector conprises: a bl i i | d an
output termnal, the ou{t@%ut ?‘}e@%g%bﬁas?ﬁ\éwgan%??fc%ﬁe}?nge%ﬁgg%(ﬁ%Icgg to the
cel | plate, theplaierpoliage eelectomsimprises: a voltage to its output term nal having
a magnitude that is propqrti | Q the nit.ude of I lied to
its input termnal; and gms?‘&%zl??rohrab%llgragulfl?& ?‘8}5’%‘?%%8 aga%uﬁ%éﬁgr%%a@gg% and a
second vol t age,outpue teriihad aifothe Gimplifiert bdiey oouplalifd ¢d dell pleteetheeariplifief i r st and

second control signals from the refresh _coniroll er ‘Hégfh sel ect or, c‘rcuit

bei ng oper abl e BYEGARYUtagh o fts putput fgmminalhaving 3 pagni af S RPPREonsE ¢t he

anplifier respap#etRagnfuddst f vdl@ge 6pphéd ©litsShElR Gdrmafal andei Ng operable to
coupl e the second voltage to the input term_ nal of the anplifier responsive
to the second control si @riglector circuit receiving a first voltage and a second voltage, the

selector circuit being coupled to receive the first and second control signals from
the refresh controller, the selector circuit being operable to couple the first voltage
to the input terminal of the amplifier responsive to the first control signal and
being operable to couple the second voltage to the input terminal of the amplifier

responsive to the second control signal.

24.  The processor-based system of claim 23 wherein the
amplifier has a unity gain so that the first voltage is substantially equal to the
normal bias voltage, and the second voltage is substantially equal to the static
refresh bias voltage.

25.  The processor-based system of claim 23 wherein the first
and second control signals coupled to the cell plate voltage selector by the refresh
controller comprise complementary signals, and wherein the selector comprises a
pair of cross-coupled pass gates controlled by the first and second signals, the
pass gates being operable to alternately couple the first and second voltages,

respectively, to the input terminal of the amplifier.
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24. The processor-based system of claim?23 wherein the anplifier has a
unity gain so that the first voltage is substantially equal to the normal
bi as voltage, and the second voltage is substantially equal to the static
refresh bivag000boage. 25. The, processor-based system eCTalsaosn@32onher ei n
the first and second control signals coupled to the cell plate voltage
sel ector by the refresh controller conprise conplenentary signals, and
wherein the sel ector conpfi se¥ha processordhsedr systenr mfptletin p2(s svhgeeire she

controlled by t [ ' . Ss es erabl e
to alternately Ié%;ll %ﬁ{ H@%ﬂﬁgg%ﬁ%ﬁgggﬁ%l \%P %h‘ggi g@ t??ve yt?‘pt o the
i nput term nal dyﬁmhiaeamimi hdcbssrmerﬁ’dlry‘d@néﬂ&ﬁd ﬂﬁ&%@ r%%&%%ﬁd@él@kﬁﬂ 26 The

processor - based, s f cl.ai in the normal bias voJtage is
substantial |y nefei’g1 GriyPply VP t%eg?fptg?g YRABYE ?BgoTS?ceF%@emBV H°% random
access nmenory device, and the static refresh bias voltage is less than
one-half a supply vol tagmform&q;rdqemmbaseﬁaMQm afcelain NBOTOAHErelle thee. 27 .
The processor-base % m,of ¢ t%o V\/nergl n th refresh controller is
operabl e in thd®&EFsgcPRUrQLEr 1SRr GStRlLg fee AGRYsedhs memorycefife oy r ay

to be refreshedpithe arrdy s be \10frdsA¥E th bymﬁstqyn@ﬁéaew aP@fiésentt RAb itlsat is
substantially |l onger than the period during which the nenory cells were
refreshed. 22 substantially longer than the period during which the memory cells were

refreshed.

22



