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APPLI CATI ONS [001] The present application clains the

benefit of the filing date of U S. Patent Application

No. 11/003,547 entitled SYSTEM AND METHOD FOR REDUCI NG
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DYNAM & &AM AGEESH O-FORR EBVICERE, POWER CONSUMETION
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[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.
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[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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performrefreshes. If the required refresh rate for a
DRAM devi ce coul d be reduced, so also could the
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cell fOO:H'O 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 110
in an array, and it is generally biased to a voltage of Vcc/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 coupled 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 Vcc or zero volts, is applied to

3



in an array, and it is generally biased to a voltage
of Vcc/2. An access transistor 120 is coupl ed between
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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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Lrans!Sie i %uslSR R 9SS a9Bhi PLIRY Rt
oxi de kwaohek —048v. Abpregidlity mentioned, the cell plate 116 is typically biased
to Vcce/2, such as 1V, as shown in Figure 3. Therefore, when the memory cell
capacitor 114 is charged to a voltage of V¢, 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
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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 Vcc.

[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.



capacitors. As a result, a reduced refresh rate can be
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t he i ndiede jupetidns] 58 x efvpstiomingd Figpre téhaviamery ¢l dapapiter 114 is

shown | n. Fi , i C ni{.a . .
transiisn %)a'rﬁ &g%%%eélﬁ%\wﬁghgvrh &%0{31 rnngléstpg%nt?%ér:’e%m él}lsdprtewguﬂy
di ode ¢xpiinddohid Sonditiohspledrsvihs iVh adEpsputhe diodet hvactinmnbiOyis it

cell ca i.tor. 114 .i.s.iniii . , ' .
Co ! RRRRD S ey bdy MR OMENR] 986 chBebf B4 Rk iding
t hi s cngiet dnthodjpeat efth .ifvektiag mass a tHRAMI al&ining the ingamory
150 is it.results in substantial |eakage fr.omth

nenor ycegle} {0 %‘38’5 Jf %urﬁ?f 1?lOA?:pceE)alied 'y® E}%recgr CER SPeer REM
of t hereldisegnhd Bils volags om tHORAN ptadt B fromgv e tona tessey voltage
cell 110 shown in Fi.gure 4 ircéto Qerate '

sel f - r ¥pe/d st Yeotiuoh, dif thisgagpple, 1s a change voit'ggeafrom 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 across 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



reduces the bias voltage on the cell plate 116 from
Vcc/2 to a | esser voltage Vcc/2 - DV, which, in this
wex@pbe49 i s a change in voltage fromIV to 0.BVI/USY0e5042420
the voltage on the cell plate 116 is reduced by Dv,
the voltage on the other plate 118 of the nenory cell .
capacidigfibutedmods ip wishnogipasef thy PBAM gRfe#e c?rﬁm%ﬁ?ﬁsg' being
exanpl r@fr%sil&ﬁ u a@’?fs dstillike a Rirdt 36esh Andde Y- cohbigerdBlk AL will exist
el

across t rode junction 150 is therefore redgce
f r om ZheSvegn trefreahay, Jurirpy which Hiescefldplae volipgdp el reduced from

reducty,on,| gg-tAHﬁ (el %gﬁn€ JnSRSrabR o eP&Rn hGhd Speddifire
| wh h

can Si gcrﬁ1p ntl'y reduce e rate at i ch charge
| eaks dfipowet ineirmee oregiucing the eddipddle voliage14, t her eby

al | o ﬂg ar eduﬁxé g&gl?rg% Itr%}?E:sﬁ (?chicroﬁﬁ ?eefr dasdy 5v%heﬁn(')ther by

[ 024 requires I'cant anount of powers t ]
r educ eretiitngoté telpplateeroliaget exgre fulrthemthécreagons s moDioing gp will

it wll generall. e advant ageous,. . . '
infr eqll?e‘%‘f)r .eglli‘?)l g?ﬂ*‘ﬁ%‘a‘%gsﬁ%@ frhe&%ee#m;‘?}g{;@h\g)o etYlgdéyeceu
i s predapscitol Y1416 beatingthilly chtugddng (€] fTheefargsiheartis: anipge

other static_ refr . hode in whjch re not b

Fead 1o Gel s £ EnisuBoEL PERAN deul e Forolits ot il ot
consi dgkhl & oP@E inRhory Wl buphdilr €14 Isabdeshes-0BW. | Tige voltage
this period should qccur in a_burst tole ' ghi h}f he
ent i r eacrRafiesiqdg junction Eﬂ‘égﬁ’@gori: FPdP%FEaOf% ng’ Pugg OWever,

rat heretianthdy Attt &b wRdediced vha sRatePetdngnBe Witage
the DRAM array are continuously bei ng]rref

reshed. B
usi ng en hamke ek ofehpmepws, cell @BIPY %WP%‘Sﬁ’F?Pé“evﬁ‘%é’i‘ more
exi st hetyeen,d %{iglﬁse?ard@% itR9 diMak Ghndiibg 158! | 1t RS WL diode
u

vol tage "can be reduced from Vcc to Vcc-DV, thereby

savi ngjuoditei 60 abtcemgofervariiugsedyi tthe t prareal deakdes upelds be
pover | ity dug ifi#!the BiRAEGuN@loh 388- could b
[ 025] ?ﬂ%g{déngﬁllyr egﬁ%éf rﬁés rc{r E\tﬁselﬁ%cﬁlﬁ g be%lrledlcj)ced ec\?(leln ©
f ur t hepretntadeljuaiakipgtthe solstrate plodtage YEI syen swemnegative, but
further, the reasons faor : ' | : :
expl ai ﬂ%ﬁg VA 3{; HEHER g‘ﬁ%ﬁgﬁasl %g%@lg Pjﬁ]&&;{%hﬂrfeerpg’ltlh rﬁhevar? ierélﬁon
t he mesbbthee @bitionapacthe AVRANA dbvas:, rmdn by nintreasilgy the voltage

chargeq..to Q0 V. Therefore en t.he, vaol n e

cel | pg‘gtf’@mi‘"f%bqt@eeﬂ“egﬁc Sigter YURET V0 1 S(‘)‘E%%,% ?i h é>$ ias other
vol t aggiferentidls mwichenciRhat ¢hathd edibgd heothemmespecsel The need to
capacitor 114 j s, reduce

-0.5V.. The val.ta across. .
the di BgEent thsdiqdsduncsien i?%& ’E?%BB‘?OHP‘ég Oé‘éfﬁ@é’ S?‘f e .r%@m“s
to OV. gldueveto whith klecelioplia geltape dahebecediced lifih 8talid Gefresh
was reduced to a greater extent, the voltage on the

pl ate mpde.of the menory cel |l capacitor 114 woul d
becogghepven mor & 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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negati ve, and m ght forward-bias the diode junction
150. It is the diode junction 150 becane

wo eoosasd4bi ased, the current | eakage woul d be PCT/US2005/042420
extraordinarily hi gher Forward bi asing the diode
junction 15 prevented b ki ng .t he .
subst rcé’fr%“aygfi agz\g D eI Wﬂ@nﬁéﬁg%w%dﬁﬁalﬁf?ﬁﬁoﬁsgsm

woul d 5® MY Byt KBS inAR isihalP @Vedrry ButohE ﬁhxfcbh@{ {eef £a \adhor a
t he operation of other portions of the aggw ce,

and, Dbyritthdqsigagiedh gy caeh Ydhe high leyed F%‘i‘l@ﬁ’t‘q signaliet fRrepample,

the stge %oﬁﬁ‘ﬂhﬁcﬁ@&oﬂé} d00&as YRetvE ah8 deSoddR! donftan@tth Rhuse the
differentrals, mght increase charge | eakage in other

r especiBRANHe enisea Sqlﬁrqﬁeéwléme Wh@ ¢ SBRAM, axpesfeditgaot be
from ba%ﬁg’cm”vﬁ 9 C;%?iﬁﬁg I&&Frgtn an{rﬁ the Hahsfer i Svhich they

extent to tage can be reduced
in a setca«nmpilsh dﬁmwempmlde fut{c@@@} are symvertianalousheRag, in the

(" SDRA 0 0
e Wl o e o e e o
i ncl ud@mmad conmmand decoder 204 that controls the

oo B o ApESERAA, PSR el s

hi gh I@w@dd@mmm@nmd&ssmrsﬁgwnadﬂmpu wall4. The address
gener at ed ntroller not

y a meqor
0. a1 oErea By A grentie Ortp i Geloneig e o)
CLK, aAGRivPadif)seed g&ie%’ll@!' ﬁlﬁsi“ecelﬂed/\lby ttke etdi&s aegibtgnal2 and
VWE*, a row address_strob E

. Si I *, I .
addr es®Plgd Wrkragy %@ss *p?elxgﬂ 21 & 4 RAE? gvﬁﬁcgdgesg irrgn&lltgflexer 218

DM i fyupfal &R bR @ddress ©@Sugibet §ScontidnéitdfBdciaed with bM%r of
| ow. Thecommand decoder 204 generates a sequence of

co rrrranbvosmgﬁw PaplessiFOn 3Py éﬁPF’éﬂltl& apen B staisv et 2 baslarddigss bit
si gnal ﬁ) F ‘Sgtrt oY t %wt J?l@tﬁgsu n&&b&&eé @vuﬂ eac}fi‘ofr tﬁ@ﬂleﬂlrogabanks

write) nated by eac evel conman
si gnal %20 B2 isaasnetiove mW@déremiaﬁqh 2@%@6@@1 storgsthe gpw address,

receive a SHRAM i
entor D A D3I WO B Tfe A, RN AR appics
to notcdresmating ssignels @ qerdfatlc althes @2k ondghd The grel address

and the gafé%;er nZé%; gls\é\gzlo&pqes rg\%%d@%&%m ﬂh? Fbv&rgb%'rers? latches 226 for

r espec'fnl are conventl ona
t he i ntherpapbseodt Ihfreslfmﬁgythe meforst tudls i Xl @t 2200 2@2 The row

200 | RS P LY gt SvEroos b5 ryt bl g MK s
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 Vg 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

9



row addresses and col unm addresses through an address

bus 214. The address bus 214 is generally applied to a
woreeoyo2eont rol I er (not shown in Figure 6). A POWUS2005/042420

address is generally first received by the address

regi ster 212 and applied tgo a row address nulti pI

218. THe cPbwlaltiyplags seeaten hidethat caug it talfifﬂcg%“@ﬁéw Wg the

addr eSﬁalﬁaQe @y FSHRB @611 Mhte £ RITRORRALS RRBOTI0AL B hndiitidiead couple
ei ther of two nenory banks 220, 222 de endlng upon the

st at e ¢ veltagarti tadhercelt Blatss t ¢y, rtﬁf%fgat‘ﬁélatr efggeh phany b ffe rows
addr esse m@RSQ M GH WY Beﬂlk? @95 o2, Whe réfﬁﬂp EdntRABK 332 fblies
222 is a respective row address |atch 226, which

st or escanfrel pignals§dr@sw, tharvell Dlatpwolieaeowiseiop 284 toyepess it to
decodeg,, %) {hg Wo 'Bﬁsc' %ol lthceéel grﬁ{itése SRR controller
S|gnals he arr 22. The row

addr es332nthen urptlzfsasea bmﬁre&bskbofc@ih pf éls memera¢eilseinsiée megnory
the row ad I 2 0

ot rco MR 4 h e Ahf (R bt 222 T RRE Gotten pige vltge
The r owlmﬁbd (2% mamroeupgeme rstatie deffesh buasaﬁcrltagth tr the selplates

by a refyesh cou ich | con
refresit t[?% AP Q?‘n?( %é?g% e1nreé‘s & ) r egsp %Oi% Jugh as
I N turhe selepiffesh inede, the rehieshcomialil 26@ app.’dxex c@fbedl sip28T, C*

2 RRE S g oG SRR TR Sl 150 SR oo

cel I pldtage VRkdI M8 @el$ﬁht8§c§f&he dAdhory\hanies 2perif i cal |y,
the cell plate voltage sel ector 234 receives

conpl®3fkntary ¢ dHitsr ic repddress has feen applied &g fheepddygss register

circui b158]eabRl ih %n@ep{mé Bt {iRFesd 1dMNeERD6, B @Fud@hiABR is
V or a static refresh bias voltage VR to the cell

pl at esaphied [t theoadsisess iregisterediay y Thadfdress xogistop 212 copnlesethe
embodi prah P ahc!lr}i’%ttﬁ cggmL r&y fdcH240t hﬁep@f?&lﬁ@hn l@ﬁea@peratmg

voltage tatic refresh bias voltag
VR i s @o8d/of [IG29IPRAM Zﬁf)erﬂm c@nmnwﬁétﬁSSemeéhﬁ:rn@ualeétﬂ@nou&h a

refr esPlfrgEDc%glétﬁrs i’ﬁjﬁo oﬁ'm‘l%ee{ddr <& f)ﬁﬂ“é 645"0(%?0 geh)t%gsg Egelfﬂ?é R42

contro i'es con
cel | pivaick appmdsaagwqwae of mlulﬁﬁzaddlhms tathe eolumntaddress buffer

di scontj hue..co i ng the vol

e oSN Shab S A Wl kS0 Pl 5
vol t ageass/Rhe cb]iltﬁm&&ldfesspbﬂf@SZMFﬂpphﬂfs 4 oolimnn taddressnig @column
refresg of of the rows of menory cells in the

banks the refresh controller 232 applies

cont [e31] si gnal s Ifata 6" bet @ad FremCalel of theadreayy 020,232 is coupled to

selector 234 to cause it _to coupling t mal bi a

vol t agtheyRiupg cinqritry &p4: 239 far gae Ogﬁllf’é a‘?@'f“’ :}g% ﬁ%’d ﬁsch?ﬂVIeE’r 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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232 then initiates a burst refresh of all of the

menory cells in the nmenory banks 220, 222. The refresh
wa@ombnai2her 232 then causes the cell plate vol PEmES2005/042420

selector 234 to again couple the static refresh bias

voltage VR to the cell plates in the nmenory bapks
222 [09Bkn exi ti fieambpdiment of @rcell glateolfase selseter 440 fﬂ’ﬂecan be

sel f-rebheshniede 'plakh@olfa%g rs%§9t0f3 Qﬁ‘&ﬁ@hiéﬂn ﬂl%ZSBRRM 280 of
control signals C  C he cell plate voltag

sel ect Biguz3uis tshewn m@g@g 71 {The @C%BBF%/V%&E Fr?&ﬁCF?aI”% iingludes a
vol t ag}%aévﬁ\#p%]gst %?escﬁi b7pkiat g% cgﬁtrélﬁg bm@ftr@%%ﬁls %2@?‘ ina

222. thé row address been app
t he adniaws thabcriusdsdlre RIPgakrsdo be @lﬁ@@hﬂ?l}'\ erphtedofl h@ ﬁéSS ,g@)tw272

addr ess g@&pteo rege%% rnglQll ‘#)E% gd5?§ c/i %hﬁpmerp%gs %a% 274 is

the addrd reglster resé regi ste
coupl e@oupted o recrive ad diatis srefrcshabmal voitngea¥er ef Vdcét chin the

240. endi n n th a f

t he co‘f l?ﬂﬁid %'grsgg‘gn s lg‘FrF ﬁe&c‘&oueﬂlu glg‘ ? hvrottlnthg 32 s2e89al fo

count erv2dnd V@c/a 1scajualln1ﬁ @svr dssvdverf, fother lethges)cant br ushda In

burst cqunter ich applies,a se e of colum

addr esEHEr §a5e1t %ge?f agwrggﬁylggéb g‘}loﬂﬁclldneﬂ]%irti ng at

} he ;t;tsﬁprm addr el?l‘ré] Ak '@atés l:zy%igI e alwﬂma%e?\ﬁ coege sither 242 or
n el er case, e colu a ess puffer 244 applie

a col uMac/4darediffsreptial agp god%%‘ﬁ%&‘iﬂd 2tﬂ8°pefa(t)%f]e aDX\"t?l?ge

to be fgRef. oY RBRL Sftht AEpRidr 286 is2dple@®% defl plddiPI0e dhs is
to the colum circuitry 254, 255 for one of the arra

220, 295ll-knespar thovishyihe Frplifisn 25 oNBWRA 38 pFalipes folower
thr oughy, giedat gyt %éfl’\tf Ilr’tg o{lﬁ)w fhhefs e%@ﬁ £ %eavo‘ﬁﬁéeaaﬁ%@d %518& non-

[ 032] tato e to one of the arrays 220,
are coinyemside inpoh“tHe Thapaphiies 288 bag wifigicaheurranhgiye to quwkly

regi st g{lgf%gg ﬁelirglggg%m%‘gor eé&g{]@cgﬁ 6 ¢ clw'd%&nhﬁl ﬁ%&@b&éy@m

Ci rcui - ey are ffdnsferr&d to one
of the2#, 23y & cRBMctiR22, respectively. A mask register

264 faaponds o i dRl B tas e ML SLANBlare’ QoREICCULAS Y70 is

alte e flow o da?alnto and out o
Ci rcui tunymaoed Bbthe tsuthhtabie 196 stewacin Vighse fasBurigg normal

RSN NI A

can bebuiuﬁte%a%%%w h@glgedhfb iRt efiesil tagle, sel mcﬁteetr contralki ©32
In the of Fi gur
The cefFigye 3 eutvatﬁﬁala@lgéang%t‘gF@ﬁ 13020 ekl el BAE Gard 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 Vy of Vee/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 Vcc/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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pair of pass gates 272, 275 that are controlled by the
control signals C, C* in a nmanner that causes the pass
wW@a10e562¢9 be alternately enabl ed. The pass gat BCRU2005042420

coupled to receive a normal voltage VN of Vcc/2 while

the pass gate 27 coupled to receive a static

o r SeREEE Ve g GRMARE g R St TSGRk The
shown pracdsk@Boe inklud¥s & prdteSaLRls 309 tht M@dn‘tafﬂy lﬁaudvfg @d 2ddress
is equal to IV, and Vcc/4 is equal, to 5V. Howe

ot her b PafpBEOEH ol A<kl by s "qulé’roncg@econtm& system 300

vol t aggRudEL oy Y dRd ¥t B8RS H1408Rh RBARSybohA3d 2 HoMse,
pass gates 272, 274 alternately couple either VCc/2 or
Vo 4 eapleddiof fherrepessr HRplo elicsy aQS?(Pe@&*if‘iOg@Feé@"q yith the
oper at

anpl i f ?oen‘;i'ﬁ%% Osy%uérﬁ ?gﬁpfl‘gﬁlkﬁ}(’f the c-g ?utgltj%yﬁigh frU‘O. Jlgbemcludes one
wel | - kmweuqmtnuhéevsnes 316 h@p&ﬂ&ﬁo iﬂfe| pegeessg03¢hn ﬁmhgqymltjd%vsces
a vol t d

t hat L}QH ?%@é rg&s% laslgdéeg téafglll talr’lg(:gn t(g n:u%rg d&Htsthgge devices
noni nvéf& araglso typically éaﬂ'p)ecfﬁh eheam'pctelss‘O'r 802 @80lowatbe processor 302

o1 S 0 o pOY, i GBS S0 b o
pass gstosvnd.7 Exatplds iof tyzpmdzl lstotage eiev1b&351]8 ihbkxde herdadnid dtoppy

of the cell | ate vol Iector 70 i s su rj

by 1 hodEts ianE eitfiet 306 ORR IR B gfF dnasorsl (T RGNS, The
nor mal pﬂgs@ﬁ@?og rsharg‘g tmealmmbaaibaafe éiRGry REDIhicICie ibually
are to be refreshed In a t

st at i cS{EF rARdom Aerges m?lﬁ@ryr@w EH& WOO through a
(Fi gur giefibryobbrdelis SNt MOk rﬁérﬁl&?'o‘ém@@" 396 nolmﬁ)ﬁy tneludes a
make the pass gate 272 conductive and mak

gat e 29entiebRucHF0e en pddressus 439 that @ﬁPP‘éHledaWﬁP‘? SP%AM 300.

280 t h@ny# L6 YRSis %ngl@@@ohﬁﬁxet@m %@ltb thd BoBesdiiBus 304
the normal bias voltage VN of . rlng 3e peri od
e

bet weeeithee fdireehye@s ﬁhpwllieﬂm%hltbe ﬂ@mP@SPPIW@ 30per by some

refresgthglorg%< 49! 'er 232 outputs control signals C5C¢ of
to nake the pass gate 272 non-conductive and the

pass[@dl e 274 codthoughi vbe ﬂb@nfdum\fegtncelnthaalbempdqsmb@d with

280 th e p |.at.

280 DR KR5CLB8, ARIaBIPLIRBuA L el R 5 89% yo
SDRAM R200gszectint changs way ke ﬁadmn fdir_m and deltail mvﬂshauu d@pmtmg from
el ectr rspggégéj scgyg Pg%e HVCANON. eSuclhtmorgla@{caBgnsuaic‘fee (\j;vell Wiffiin the

proces
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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such as a conputer system 300 shown in Figure 9. The

conputer system 300 includes a processor 302 for
W@eeboszing vari ous conputing functions, such PCT/US2005/042420

asexecuting specific software to performspecific

cal cul ations or tasks. The processor 302 includes a

processor bus 304 that norng#hﬁgk§cludes an address

bus, a control bus, and a data bus. In addition, the

co ter. system 300 i ncludes one or nore input devices

314,e§§EH“as a keyboard or a nmouse, coupled to the

processor 302 to allow an operator to interface with

the conputer pystem @6fod byRbé&alihy a dyRemionpdderaccess memory
system 300 al so i ncludes one or_ nore output  deyices

31 6deviesphaving an array pf BewosbHeellsdbat requite RRsIOdiR reEh, cach of the
typi cal | in g r ' ' .
YPLSRL b BB AR o S KO p D1 i
cougdefloh @ thbeapiciossTarpldaRtytad nedmay celie thermethsd oomprising:

302 to store data in_or retrieye data frominternal or )
external st orlagaen%i aPABIS @ﬁ‘é}\ﬁ)a.sm@%‘?rﬁq atsgo a first Voltage;
typical storage, deui ?&?esﬁéﬁi%dgnﬁiaé’iqg éfihakéil ARtk bl ORRYNd voltage

di sks, tape cassettes, an hrpact ~di sk read-only
e nexdepswhéen &6M) cell§ e theranay amdo b8 0&frésbedi|and

typically coupled to cache nenory 32 ich, i.s
usual 'y stati® Hﬁﬁﬁ%ﬁrﬁﬁﬁgﬂoﬁ%ﬁvg&%lﬁwe 19 {he figst voliage
thewﬁm%%p?etlﬁriﬁmrﬁayr@m% 6RB{Heal | er 330. The

menory controller 330 normally includes a control bus

336 and an address bus 338 that are coupled to the

SDRAM 200. A 3ata Bbe method of chaiml &dviereim theestatiorgfiesh mode
200 to the pr cq?sgr q¥s 304 either directly (as
sho&ﬂ??n$ﬁﬁgﬂgﬁe e MEory controller 330, or by sone

ot her nmeans. 7] Although the present invention has

T "beén Tdescribed, Wit The eh&@h&hof claiin Tih dundhies ddooipeifling refreshing the™

enbodi nments, persons skilled in the art w.ll recognize
t hamegivan gells WalheaTayaile? PRISE HhAR RPCUCS]IF ety &re to be

gﬁgﬁgﬁréég%ﬁlrtgﬂtaﬁpre%gﬁjmtod?_nd scope of the invention.

icatirons are well within the skill of those
ordinarily skilled in the art. For exanple, although )
t he operationdof t Ahecelethodl af elajigl detwirerginothgadirsienpltage is

primarily. discussed i e context of.use | .

o Pl 5530 S Bl GO bl L i . sccs
al s o, Afory F8Hcd, tin8the Eecdh@lvbRagded§ 1636 thasiRshalfl a@ply voltage for
al t hough” specific cell plate voltages and voltage

r at itesdymamibreedomn aseass swthane Aeiies. it will be
* under st ood that other voltages and

5. The method of claim 1, further comprising refreshing the

memory cells in the array in the normal operating mode.

6. 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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vol tage rati os may be used. Accordingly, the invention
is not limted except as by the appended cl ai ns. CLAI M5

w@\eoosloaizne 1. A nethod of operating a dynam c PERUS2005/042420

access menory device having an array of nmenory cells

that require periodic refresh, each of the nenory

cel I's i ncl udi nya aomeatmpyratieg modegaesingthe fcelt plate thya farst voltage;
cell plate that is %gjém’mglto t he ﬁa\pacitors oft.a . 1
plurality of ABHOIYIYERY dhe PRUCREIRIL C8MLPRLTiR: 1 fhepoma
nor n@ddeOResRLdtdE 04 Btatibl BEbMIMbAE Bidihg Bheat&] bRt to a second
first voltage; in a static refresh node, biasing the

cel Ivopigite to a second vol tage except when menory
cells in the array.are b ef : '

static refr es?’f1 ﬁ%ds & lct}rle%gslhnrgoc%‘]ﬁgérg%p?aq%'l rgﬁgshir% tﬁiggnemory cells

firsh theodriag@Rring enrefresiopetiodahietsperied Methad Guldscaitepdriodlia which
refreshed. 2. The nethod of claiml wherein the static

r ef MEBR ohgemewapr Fallssinghe afray prsr peing refisaed, she quigscent period
met i I.sing refreshing the
mn@?@lggg?ﬁq%ﬁaﬁy%%ngegﬁagsﬁ g Iﬁﬂg%e?isota >when nenory cells

in the array &t ehd gtabie reféshenlode, biasinpethstcalliplateetor thehsecond
node. . 4. The nethad of claim 1l wherein the first

vol tvQljags during s giHeseaPi BPtigdual to one-hal f a supply

vol tage for thegdynan &ﬁ@ﬁmga@,%%‘sﬁfgsther%@@pat%vﬂhe irst voltage
and the second voltage Is |less than one-half a supply

vol tdageg flerefirésh mtyilodimaml r andom access nenory devi ce.

5. The method qof claim 1, further conprjsin C .
refreshing thé‘%ﬁ%ﬁ\’ﬂ 1pgithe W%Wedceé(?ﬁ‘%atfomn eﬁaél%‘ol'“nme static
OperatéMtnbRAR. ofdratPdn Rt RE doMhal IREIAbiddthgathél ¥oI@Pldte to the first
random access nenory devi ce having an array of nenory

cel Ivoltageat require periodic refresh, each of the
menory cells including a nenory cell capacitor forned

b Il plate that,,i R T
oTurar ity ot enor o ecRp ST (O HERARAe g, fludn mo

nor einpoipsraaklfrefresidaocdhi asing the cell plate to a
first voltage; after switching the nenory device from

operation in the nqrnal e to.operatipn in_a tic .

refresh node, 3bi asi Wg%gie IOE ‘Hﬁ‘g‘t eéat Wﬁ%fe@egﬁngfrgt voltage is
substantially 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.

9. 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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voltage; in the static refresh node, periodically
refreshing the nenory cells in the array during a

w0 edosoeiz4peri od i nterspersed with a qui escent PEF/USI0F/0M2420
whi ch none of the nenory cells in the array are being
refreshed, the quiescent period being substantially
| onger than t heefishreestiolpe gemaatingicdnire] sipels t camke detmemory
node,  hi asing the, cel late.to the second vol t age. .
dur Pelly 1nrke aﬁﬁiéé%éﬁtrefjﬁ‘ég?cgﬂl the pormal SREIRIE Tefs AN in the stati
Mode.p Qi 39dded thd1& f?é;‘shlcoﬁjtré‘ltlé:‘r Eé?n% RBefableSto éﬂeifaiél% first control
during the ref res% peri od ter svvltC|ngt e
e neigyal detiérc ehd mgnammeraaﬂ@mnaqcnSSt mempratdeice g reperating in the

node to tlon nth nmode iasing the ¢
o1 aeriab PRt REad g PAgh e AInAE FR B Sr LA tovice i
meBﬁérﬁhﬂgﬂ% thd gthii€ rdiREK fiobe PRI GOfENhl BRGoléer is generating control
sel f-refresh node. 8. The method of claim®6 wherein

t he sighals tto vesiusaghe userstwélﬁtmathey agplde beoredicabady) the gefresh

o ooV bR Blable (PRI 8 s ARHATLAFE 3l THRRH e qgnamic

SUPpinMoMOAdca@emietiory ldevidy iaoperatiad dho theastatis sefrahmanyde and the
device. 9. In a dynam c random access nenory device

hav irefgeshﬁoatmlbs; ipnohEPRSFAJING CONO} sighals &q&f}% ﬂbf‘efl}emrlé cells in

refr.es nmory cells including a nenory
cel:’t cgg% g‘? es}l%&g%y a cell plate that is conmon

to the capaci h@eﬂ pldte aolpigei sdbétbycmfpletbﬂme&esheiohﬁplla and to the

t f d
v Elb DU AL oS Celb g e RS TR o e, Fo apply a
ref 'ilgﬁxli’aé Rgleydl %ﬂ: | 1515]@ 1B, Ew@ H Bt EWnth] &ignal and to

menory devi ce menory device is operating in a

nor mpply ap@tmtreﬁgphrtuahevol‘tagetos@zs péhpbtﬂmspomlwg tathesteaxirontrol
controller generatl ng control signals to cause the
nerSigleel 15 TR the arfay to be refreshed in the

normal operating node and in the static refresh node,

the refresh cqot r olihersyfier g ckp@ratvhereinothg gitgraatiaecond control
first control %gal en the dynam c random acceSf, .
nemsigpald eoupled tcs sell alataepliage seﬂ@ctﬁrol?mp rpssh gontagller comprise

irnsnd%or%le\r/\n@%par}tysﬁngﬁnam c random access nenory device

11.  The system of claim 9 wherein static refresh mode in which

the refresh controller is operable to generate the second control signal comprises a

self refresh mode.

12.  The system of claim 9 wherein the cell plate 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

15



operating in the static refresh node and the refresh

controller is generating control signals to cause the
woreowo/§02¢el | s in the array to be refreshed, theCT/Ef10050M2420

control |l er being operable to generate a second contro

si gnal when the dynam c random access nenory device is

operéedtogcirduit being taiplal oatceshthedtst addetdirl copftrobsignals from

control lLer is not generating control signals t ayse

t he hRfipSh earoder, the Ssisclgy gt BRip® OpaPIE i ErHPle ff Tist voltage
cel l, B+ea'fn u o ot ¢hé GhBlifiGOHRp& ROt BE $control signal and
controller and to the ce plate of the array, the

cel Ibeing aperabid toagapkahe sdcond eltagy to gk mbhietetroinappf the amplifier
normal bi.as v Ita%e to the cell plate responsive to

t he T¢PPRYVEioHDF S5c0ad Gl §89%k o apply a static refresh

bi as voltage to the cell plate responsive to the

second controlj3; sithRalysterOof diflien 33 SiRMGINThe hbAITiér has a unity
wherein the first and second control signals coupled

to tghe sochat the dirst velirgeigsubtmiellyeqny) te fee pasmag §igs voltage, and
contyoller.c L ' .
O L T R

the refresh controller is operable to generate the

second controli4si gridle sgsiemrof skdmd 2swhdrein éfer xshamibspeond control

12. The systemof claim9 erein the cell ate .
R T LI CC RSN AT L W ——
i np j u : ' t pai ,
P bR SORIET AU B SK0B, LU g of
pl atceypled pasargatdsfdoatroldgutiyytha dirst and|stenyd signalst themaspgates being
term nal, havi.ng a magnityde . that .is propgrtional to

t he Cpghlecaduretal v i S Rod adede Tlkgp ppetfiely, to the

t er myRakerm@ing oRt {#fRf. circuit receiving a first
vol tage and a second voltage, theselector circuit

" being coupled to receive the first and sécond control " T

signals from tife refheewybicaoet ¢lain &rwherpia themeena)bias voltage i
©he izt EDE foRRE R ce SAT Folihle ki d¥id%nddh access

responsive

fir shentsftdedices hiithetle sanid tbfeshobiapesiadpeds 1e3s clompdre-lidiea supply
second voltage to the input termnal of the anplifier

r es poHaga/der the dsmamiciagaem aeress BemeryAgiice- 13, The

systemof claim 12 wherein the anplifier has a unity

16.  The system of claim 9 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.

17. 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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gain so that the first voltage is substantially equal

to the normal bias voltage, and the second voltage is
wammsientd al |y equal to the static refresh bi aBCT/US2005/042420

vol tage. 14. The systemof claim 12 wherein the first

and second control signals coupled to the cell plate

vol tage sel ect Qbhimm hdiessefifonithopeabter ol teeeive cmdrdesede column

conpl enent ar naI s, and in the el ector
congstdress signa é‘iPP ‘%ﬂ‘toéf*%%@ WGV%‘BS >es control | ed

by the first erﬁf%? n?dr Q@ 1§’eat:lhsf Rafh BRIRRs AGhéory cell
operable to a ternate couple’the first and second

vol ¢apgeisar fbﬂﬂ@dsby el platet that ise:omm{mnttottber paprgitorsfof armurality of
amplifier. The system of cla

nor kg MY G?ﬂSt Wy thej arrayy g 5}?&1?053/ Pﬁ”%’ﬁﬁ%i‘ﬁ ?poer%ﬁ% 19, sfope data

a SUPREY 1y 3{1& 38R £6h thd %rrgy RERT6catigh dertAiee sy fieMetided row
devi ce, the static refresh bias voltage is |ess

t handdvess -sl'giafs aad shpdcpdadotoleme add;pSStst@aby nam ¢ random
access nenory g?rgaéisﬁa%% Bﬁt?‘r%ﬁu X Sﬁégaﬁa erEc]ooc}c al!'egh ata signals from

wherein the r pera en

St aftieGria®fté 8RRrAPER, tPmURNESAhe meabdiy ddvisd; gnal s t o
cause the nenory cells in the array to be refrﬁf in
a burst foll oWdrltb;dafa nath eis@itapegrble 9 FouRlgr wiite data signals from
subst anti al | nge

e y x&%rpﬁl X?’N% :%eel%’lr é 1§r Iégﬁ}é% Hl%fgﬁ§ &9&&09 Yhd QQ rcangﬁl%hé Ritite data
acceighalieiriayf " DRAM') devi ce, conprising: a row

address circuit operable to receive and decode row

addr ess si gnaPscoappndedecodereqnesatia io daendssa PRIy i) command
of

Co PauSEPL AOLRRIR ERMD ARARRE RO HoRRARY Qevice
to tHé&oﬁnhﬂtdWcodddjemﬁembﬂa twadesgrareoatrobsigndls pemespynding to
cells,. each of which i cludes a menory cell capacitor

f or fhecles e&‘@@?@“ﬂ%ﬁr@%hat is common to the

capaci tors of ,g.fbdif@hirbiertoupR@ teBRROIEAd ecbBertdnd the array
array, the menory cells being operable to store data

\(/jvr i of erentary awtls, rtbeideffasheontellearheing mgspaasivedatqogtiol signals from
etermned b he decoded [ oW dr ess

dec HifetPBBRY gg OPSTHR A S gr ?élag% %lg? éﬂe%haﬁﬁgde 8P a static
Ci I Gafidsh QRETA heerefi@stc edtittotlef B@ﬁg @ptrablsity rtah& the anhd?ry cells in

array to ext er nal data termnals of the menory
the array to be réfreshed in the normal refresh mode and in t e statlc "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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a wite data path circuit operable to couple wite
data signals fromthe external data termnals of the

woreovs/0y02devi ce and to couple the wite data siPOBRUS2005@42420

array; a conmand decoder operable to decode a
plurality of command signals applied to respective
ext §foradle eORPPIRch hehmil idssvaifagt hetheecadr platberespansivete the first

conmand_decoder, bei ng operable.to generate.contrl .
si grratzs! signala@d éo iy atsgatkcﬁ r%?é‘&’ba&ed’ﬁ]té%#?a% Cn‘it‘ af?é‘i 1gSponsive
- atortﬁé E&%ﬁdﬁ&ﬁ#cﬂgf l.er coupled to the command decoder

and the array o m§rmfy cells, the refresh controller

bei ng responsive to control signals fromthe conmand
decoder to opé8.at eTheDRAMaicvige abelaimn 17 ahersim thedia agd second

a static refresh e, the refresh control |
ope?%’i’él%oi siegals a‘(‘ﬁg}g‘% ﬂ%t%ﬁ?glrg}atg el Pﬁ%gel it ?etcﬁog ﬂgf r 33%%%:8 ntroller
ref g&n doﬁlﬂaﬁenmymhars,ef resh node and in the static

refresh node, the refresh controller further being

operable to generate a first control signal when t%e
refresh contr &9 er The DY evisg of plaimd 7 P stadip pigsh mode

mode oF; f i |46 ToehSraRPHE Aebdtll dddtrol signal
thelns%fomﬁgé%i?egg ﬁgfﬁ%(glzé}alggﬁs%{?giertgfgreesﬁ controller _rg SIEn
causémprideba ssEmfreghevldes in the array to be refreshed,

the refresh controller being operable to generate a

second control _signal t he. ref h controll.er is
operating in the s&g?im r‘ggﬁenﬁg‘gﬁ%dwﬁg’q‘%ﬁt g el plate
contfildeQElebdr BthpeRYSi g the nenmory cells in the

array to be refreshed; and a cell plate voltage .
sel ect or coupkedmptifirehavds ap drut ddrinenal ang anooytpi terapipal, the

plate of the arr of ry.cells, .the.ce |_at :
Vol Pl Lemane ot e PrTRT b1 GouPleg s 15 el Rt e, gmplifc
vol Eﬁﬁ?ingoa {106 @ bts RUBIUE tdrRSROREViME atrBagdiid ithiaitis proportional
control signal and to apply a static refresh bias

vol taithe magnithde efed Yolise ppplieddp i Hipybierginahandecond

control signal. . Lhe . [ ' th
wherein the f iarsglt%gt%gl@%elggﬁ%{k’glg\étfﬁgﬁ \ggsl)faglﬁ g]hgnacj:s g%o&dgg ltage, the
t o thlecteetircud By saiplaige rsediecthe firdtyantl vecorelf comgrbl signals from
controll er conprise coppl enent, signal.s, 19. The
PRANMS U EoeRo P SR Bt PSS PRTHIE 9 EIPIa drst yoltage
whi i 208t Firseasiidt Signal and
t he%s] (tel]ci:é;ﬁlg ﬁgg({}nt%rﬁg} %g :?%{1 gmk)ggl#plr%fﬂg@g Vg sel f % ef resh ene 'an
nodéeing operable to couple the second voltage to the input terminal of the amplifier

responsive to the second control signal.

21.  The DRAM device of claim 20 wherein the amplifier has a
unity gain so that the first voltage is substantially equal to the gomal bias voltage,

and the second voltage is substantially equal to the static refresh bias voltage.

22. The DRAM device of claim 20 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
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20. The DRAM devi ce of claim 17 wherein the cell plate

vol tage sel ector conprises: an anplifier having an

WO paet2¢y m nal and an output terminal, the ouP@INUS2005/042420
term nal of the anplifier being coupled to the cel

plate, the anplifier applying a voltage to its output

t er glopatoupiad pags patedepitiolidé by ke fitss aynt sgwond signalk, tho pass gates
t he magni tude of a voltage appl.i ed oitai gut ivel

t er P§iRGPPerablg tcaa%%v@elwouelertﬁﬁ igst pRE 8GO dOE gepyiggpectively, to
vol %”@n ge, the selector circuit
bei{r%lgqg%lﬁg e a?%??%%ﬁb\?ﬂéfe?he first and second control

signals fromthe refresh controller, the selector i
circuit being2bper&ihd ®RAMc davpdteeof blaithi k% whesin thgenargal bias

the input termn of the a i fier responsive to the

fi r’é?lt%S At ta@‘ilag aqqug];t& 06185% a&ﬁgplgﬁfoitgg%isogXlﬂfp(i%la%cerandom
secondsy/Rkidgeddvicd RAd tmsthtid RIFEEN Blas MolthfeisalbRl thin Bhe-half a
responsive to the second control signal. 21. The DRAM
devsupplyofoltsigafonthodytserie randpmeacessp Mamay dgsise.a unity

gain so that the first voltage is substantially equal

to the normal ,bi as I t ngk v e 4
substanti al | yzgquaFﬂgobE%Zﬂs%ec%?eglrg@gh%i‘gisl,éréig the> refresh
vol t@gelle2 B. opbhedldiRANE devic aefresh mbde 1o @Dsavthermémorytrells in the

first and second control _sjgnals coupled tq e cel .
pl at@ay i) heagleshed de e éﬂer;ﬁoliogf'éd P@far%%%%‘&rﬁefleﬁ B@F Rubstantially
COMpYy éﬁh&&%ﬂélpﬁggghgxﬁ%%%&ﬂ%émeﬁegr QIR RO rdffiEhed,

sel ector conpri I'r ofcross-coupl ed pass gates
controlled by the first and second signals, the pass
gat es bei ng op&r abAeprocessdrttasetbdysiem, comprisinghe fir st
and second vol tages, Eesgectivel bto t he i nput
term nal of tﬁB“%ﬁffPf fd gaﬁg’.cesfﬁfe BRAM devi ce of

- claim 17 wher gh hpuh8evi&d Ediplddita$he/ploté@er thfough the processor bus
substantially equal to one-half a supply voltage for

t headaptedhioallowridtatodecatesediniedhy CoBPIERSYSEM t he
static refresh by Epsﬁ{; \r@g“t&g %%Hélgd Itc? Nist H)%stgp %ﬁgé‘r}{)‘fh?} processor

supply voltaggnfoéi1 nam ¢ random access

devbGeadapted td BRoWIRAN 16 & ibapudfromlthé cdrmFutehsssein ahdie
refresh controller is operable in the static [?%fresh

mode to causeadhBATRETBRYOTE BFGeE MAMEREdaFiseLEPUPIdye the processor
e SGPIBHED 8 ol o) RUBOLSY 0 BASEAgE o memry
whi dbvitheomptigiige cel | s were refreshed. 25. A
processor - based Sygtrgw aci:d?gsg rc%rglili? %perable to receive and decode row
address signals applied to 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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a processor having a processor bus; an input device
coupl ed to the processor through the processor bus

wa@dapet4d 0o al l ow data to be entered into the BPOINPS1085/042420

systenm an output device coupled to the processor
t hrough the processor bus adapted to allow data to be
out put f rtostordédate ertends aslishe fonathe aaragyphaincatioradetenmined by

access nepor, eyi ce upl ed to e processor bu .
Adapt ed T ety ey affEsthab pd e Beatcmaime bR semals
access menory devi Gerea® Rk bethNGrcuRt dpeMbRAIBEHe GoddCitd signals
operable to receive and decode row address signhals

appl i ed tfooneeaarraa|to guigrmabdata terminady of the memoryrderieey

devi ce; a colum addreﬁs(ﬁkgcqhti9 e %blebtomreqfﬁg%wﬁe(ht
and decode col umm dadiieat Bitl P, Ppugbl ot fap d
ext ernal saadlsefEn U éXitetadl HatadBrnBhAIR YT eHe MBI YcORE kSthe array,;
each of which includes a nenpry cell capacitor forned

by a cell plate thd cpamepinassodes pprraklapiacieceds afplyrality of
plurality . . | S.inN.: NENRL
cells beicﬁglq%%g%%ﬁ% g?%%lslg&(;{roeésoﬂae{a g{fé\x/rgzl{t?]%%ﬁx?néﬁlgﬁ% r ea&yS of the
from t he memary devica, thewaminand diet@leibeig dp¢rdbhetodeaededeontrol
row address signals and the decoded col unm address

si gnal s; S8 ai’&“ﬂ%ﬁoé‘gﬁﬁttﬁa@ﬁ%&%?qd OPEPA 8215 coupl e

read data signals fym.tihe iRy 1 d
term nals of the rream)rf dec\)/lﬁ{:ocre;% 35% ?c?té@?jlgfgor%g%ﬁd decoder and
circuit dberabdyeft meowuplcellsprthe eeftasia contgribl Hefngo respbsive to

external data term pal s of the ry device to the
array: a CORMETE R CoRbIe SRR adtdo Rt in cither a normal
plural it Ye@fshGREAERRG s%tﬂﬁéﬁésh@ﬁﬁdé, 510 ﬂeﬁeﬂge%%ﬁ@ﬂérwﬁi%g operable

external command term nals of the nenory device,

command decwie thdyapmgryogsts abthe atrey geheredtesheddn thegiormal refresh
signal s coryesponding.to the. decod C nd si.gn X .

o Sorr oot oM P i s Ig00, abe SRR G onRR AR I her being
and the apeapleofo FeRRHtY a Rt Gontloh Sighef HvASH tikORIesH kefitroller is

bei ng responsive to control signals fromthe conmand _
decoder topeigpeg dk dhe poanalHefredh modaedr Wagny thshrefisgie cosptroller is

a static o'i)‘éxfa{iﬁgli]n TRAGAti¢ Pfelif TR MR ORE 1 OdsB coRELING is causing

oper abl e

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 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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to cause the nmenory cells in the array to be refreshed
in the normal refresh node and in the static refresh

wowe/o62e refresh controller further being opPCHDE®OS/012420

generate a first control signal when the refresh
controller is operating in the normal refresh node or

when the refreash cdmicrppbdegsoribasaipeysadn o claimtIfewhtmin the first
refresh node and the_ refre ol.l er causi ng the

h cont S
mendRy seang §0mfpltsvﬁm§rqoalgﬂe§ & the celmiate w%f&getSﬁlécwégy dagyefresh
con ' : erate a second control
Si gtﬁgﬁ&(\;}ﬁgﬁ&tﬁhg&}r e¥ rielgﬁérg% S}%% er is operating in the

static refresh node and the refresh controller is not '
causi ng the neiory Tdel precassorttasedirsysiymt of lskrimeR? exlesein static

and cell plate,voltage. sel ec coupl ed. to refres
o e ahoBi Y Rl be TSR a8 Rl B GRS he scona
MeMbirsl@ldnal cdmirises b kelPlefilesh MR age sel ector being
operable to apply a normal bias voltage to the cell

pl ate responsive to the first control signal and to,
apply a stati @8 ef ridsrpregessorhgpechgesiany ofiedaimel Whersin the cell

res ' ..control signal.26. The
pr o%ggsﬂég(\?/l%gggee%a%g@ﬁeﬁ%g? claim 25 wherein the first
and second conhrahplifieghatifg apuppedeindinhlnsndcal butphtaeeminal, the
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refr ontroller I's operable to génerate the sec
contto te msagyitatle obapoliage ap@icglab fits imfut egmimabchmd 28. The

processor - based temaf claim?2 rein the cell
Dl a6 vol t age SSEIE GoGbHTF g Tish Vs A 8o fiay) vayaee, the
an ispRkbr LigEuHl Bdhg aBshl@NtoQubdi tHeirsl 4Rl secddiEcooP lbitgnals from

1
termnal of the anplifier being coupled to the cel
pl atths refrhgh coniolled, dhe ssfeptoyicivguihbeiog paerable do Feuplothedirst voltage
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t er refidl opetbit B GRPRChOEecOhd GUltigert0QRe itiphgtedmfnial 6f the amplifier
vol tage and a second voltage, the selector circuit

bei Aespentiy ©dhe seqoad epnirol sigaak j r st and second control
signals fromthe refresh controller, the selector

circuit being~gper e 1 t doh TSt oMt 39€whBrein th
the input ter r%@hal a%l‘e Pﬁgeé%%sﬁle?}%}esponghe to ?’Ee e e
fi r simplifiet had asindiyagaimed 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.

30.  The processor-based system of claim 28 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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bei ng operable to couple the second voltage to the

input termnal of the anplifier responsive to the
wa@ewond2aednt rol signal. 29. The processor - basePCHYS1005042420

of claim28 wherein the anplifier has a unity gain so

that the first voltage is substantially equal to the

normal bi as vollt agelheapocebror-dbesadndysion t eyeldim 25 wherein the

subst anti al | ual to the static refresh bias

ot oiggan Bist Nofidhls tobstenfail Bt o SHEFRL e sy, vokinee for the
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to the cell plate voltage selector by the refresh

contthas onerhadionpinpbevadleap farthan duramis rapdamsaccess dneuhesy diyice.
the sel ector conprises a pair of cross-coupled pass

gates controll bymthe fi g d_ si I .
pass gates bei%g %%‘%a@@%%@?%& ?}gs?ee yOfScocg‘{g e%? hg}ﬂgrem the
fir scefres}hobofa&oﬁms preltrhllfigéﬁ therﬂahﬁlefrbslﬁmyde thca%lbeth;jerlﬂaﬁory cells
termn of t a ifier.31. The processor-pase . )
syst® ﬁﬁ%@ﬂey dp SH%%‘?Weﬁnna tjh‘ié“ rigHered g}fa?sqwsmeé@ goriad that is
substeidiallyy 19962 thdnO 1R SehBd f adingt Ridlich Y& Hﬁﬁﬁoiy%eus were
t he dynam c” random access nenory vi ce, and the

st atréfzeshed.r esh bias voltage is | ess than one-half a

supply voltage for the dynam c random access nenory

devi ce. 32. The processor-based system of claim25

wherein the refresh controller is operable in the

static refresh node to cause the nenory cells in the

array to be refreshed in a burst followed by a

gui escent period that is substantially |onger than the
period during which the nmenory cells were refreshed.
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