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operating in the active mode (e.g., when the sense amps are active and the digitlines are

forced to CMOS logic levels (Vce and GND)) may have another refresh rate, referred to as a
“dynamic refresh rate.” -

[0004] The amount of stand-by power or “self-refresh” current used by the DRAM is
dependent upon the refresh rate. Stand-by power and self-refresh current can be reduced by
refreshing at the DRAM’s slowest possible refresh rate. For example, a pseudo-static random
access memory (PSRAM) may have a static refresh rate of approximately 1000 mS (i.e., the

cells need refreshing every 1000 mS), and a dynamic refresh rate of approximately 100 mS
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[0011] FIG. 3 is a simplified schematic of a portion of the PSRAM array of FIG. 2.
[0012] FIG. 4 is a schematic of a wordline driver according to the prior art.
[0013] FIG. 5 is a block diagram illustrating a portion of the PSRAM 14 of FIG. 2 according

to one embodiment.
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Additionally, those of ordinary skill in the art will recognize that other support circuits may

be included which are not disclosed in detail as they do not form a feature of the present
invention.

[0021] FIG. 3 is a simplified schematic of the memory array 30 of FIG. 2. The memory
array 30, as illustrated, may be referred to as an open digitline array, however, it should be
apparent to those skilled in the art that other DRAM architectures (for example, a folded
digitline DRAM memory array) may be used while remaining within the scope of the present
invention.

[0022] The array 30 is comprised of a plurality of memory cells or memory bits (mbit) 31,

each of which includes a mbit transistor 32 and a storage capacitor 33. The mbits 31 are
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device 36 (for example, a sense amplifier (not shown)). Sensing generally refers to the
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transition detector circuit 51 produces an address transition detection pulse (ATD) each time

that an active mode signal is received by (and/or produced by) the memory array 30. An
active mode signal refers to a signal that is issued to place the memory array 30 into the active
mode and/or that is issued while the memory array 30 is in the active mode. An active mode

signal may include, for example, address signals and/or control signals that are applied to the
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addr ess t fradsbimanm, detredidets iClatched dt aboulpuyp boltktesdthan
address transiti n detectio ul each tine
that an aéf V\?@"O ’6‘8“@75?1‘&19865§PW3'€?°\(}€% %&? ‘(and/ or
pr Odulcelﬁj ]Emythe &diﬁnmmerwe(-aw thy adifdess Snsiioh idstectorddds an A
signal refers to a signa LS i ete
ey oy et o et At B R st Seraf e
is 3 ued Whivrige ddeesigianane yssateﬂayyﬁﬁon@slyrsométﬁnealarer
nmode. An act.ive, node Xa
o ese s Setna Sodimtes it gntie DRt enithioETenegt SehesithnaF
appldr edd} Ginfeldel® (80f. y<10@8i)Cite gdt;rsgeert Bechi @aﬁamﬁ@tthh%mr_lrrﬁ
read and/or write operat;] is es
ATD pul se OPeatqsrmof ieeedthelonsih aEE Mg Fe 0o 01
46 vvh: chT;]psoGﬂumesnﬁn&J tﬁsﬁatz?{sﬁée_‘ﬂ lglhaﬁzﬁltc_(eﬁlﬂsa?wﬂ’é):ommﬁd oI
si gnal . e 0sge []0) ol . sji.gn is.a ta one
or grmr e wOrlPSHEDSHRieTEy %C{]ﬁ@}le %%&L 8?‘%”381 Eultﬁrpro ELES
30 wordli ﬁiﬁ&n(dﬁi@ate\A&éle tiMé 3f 101k nots tlkdea beaed agjqﬁwe
in con nctronvvrt G . 030 In.o ' t,
e oont 1 iiasmang i cmeletidal Stamim B ige STRF T oS
once an ATIanulsﬁs&ntss gener ated (for exanple, when a
WO t|v S rec d.for . are r..
wr D o528 bk e SRE R ittt it g P aptor e imeou

Ci geﬁbthﬁa)r éiftuhag bﬂEIG&S bd:cﬂfﬂri]ng tb fond%rﬂodoﬁ?\idnf gh?he(mt gWe{dtc& cml:ult 46

[ cei t hi r edefi ne ime interva
(f‘%&ﬁéﬁﬁegeﬁlﬁo‘ﬁ%ﬁ lg&resﬁg PEHEE- i mer, the O oseWL
Cc qrooml InSlhdJimﬂJodimeﬁt iflss@atet @0FIamnd, thdnmnadetléy\@rtmrnmﬂlﬂdaea PEIOS
aut o C C os d. The f on of
" s R, eSS capaSion il Rrerls 47874 7€ e By gt ransistor

t 10 asynebied ol lteisAbIke feqs., \RORMN theorcé afieansistor M10 is

follo
C)connected to one end of the resistor 49 at node A. Transistor M10 is gated by the output of

the address transition detector circuit 51 (i.e., by the pulse ATD). The other end of the
resistor 49 is connected in parallel to both the capacitor 50 and the input of inverter 47 at

Node B. The other end of the capacitor 50 is connected to ground (GND). Inverters 47 and
6



a) If the command detected by the address transition
detector 5 1 is a read conmand, the read data is

wo adoehext7at an out put buffer and the active WOPdT/U8905/022144
may b e closed at any tinme thereafter. If the

| Weayhant onote v L eo Rl S o

(/T butp @8 Sriveiel4s a@nidcietl o dlabrdlind dival 350md caﬂsﬂiht etdltrol signal
mnch onously sonetine later. By setting a datasheet

cle tinme equal to the length of the internal
t I[0033F A dtioh &l1yY the re%&tQ)oftiohﬁilc)udes iVIeS d[aﬁmdsrem 1@adiM12. The source

Seianice {0t ST opealLon SeIeL ERR L oo
t hth& td’%&ﬂﬂlr rl,esﬁe&ﬁfe@atlihs baede agd a;faﬁfﬁé' Q@ﬁsﬁtdiaﬁlmwdnhﬁ:ted to Node B
conman W neve nt.er th
c G FpFowy glﬁa%ecﬁwe{}‘p gﬁhﬁngﬂf’éﬁ iheﬁ*hd?ﬁ %Ztaéee éﬁqbéf%ﬁ ppuppf the

1QaaSssitanéifén didater Elevit 3 Gial 9@ ik pulspiada). B shsuld e apparent to one
command | npl et ed atmnlrrum%lpetlrre 60 n

7 Giledsinthe 4 Be! CUYPE FRPRORCTD S S o A OB TR 07 Rpgogused whil

S GhgiBhE %tﬂin&ﬁﬂ's@ﬂ@lefthe@i?&erﬂlﬁvleﬁﬂdﬁg di agram for, the
ti meout generator circuit 4 6

FI G
orl Q0% JB APSTRARR: HrRTHREREr B e eEFly A1 Pégf: el fggnerted
a HyitheaddRkayanBiabd deddtton 8 devery S5 thafaracii@mmode @{ga:a]ls dseerted

t he enbodinment illustrated in
pAFICHE FE PR TSNP AREPby WL e Oy asisor
? Mﬂpﬁﬁéﬁv@fed 5040R fshsistoyeVt Bkl MT2 &8 deadfivatelh &ode Aiispudled quickly
ransi st or conete to a,volt
Ve ) b e Soblers Byt W el odst by
onesifad9ahd Ed’pﬁcﬂ’oﬁﬂb SI‘HéfCl?lseW%aiigﬂggQﬁs Kigh afler aode Bicachebh Dltage
t he out t. o e . addr.ess tr si.t.jon
dé?‘@?i"ég‘“‘?ﬂt iaeqiprcome the l?fe%loltd VBlfegeRL! Giesrk Bf‘h The
?t hﬁjst EWE%IQAT]D lg@esrh@gslg SVIOB trénsktérM 0B deetiettd MO8 tahdigdrs M11
0O DO e ca

RN N RN T L .

CapeaddRAely oresdasin dI‘I(aﬁNla)rs MINVied VB Sn éffecs pestidearquick reset”
cascaded, such th

he ut ,I, verter 4
P (RRFPEEHR togeehibe pisfay it R0 3 e aesisd Bﬁ‘i’sfe &e
Fﬁf&fekﬁﬁmé@tlm&nf@ﬁm@qﬁreﬂ t 0 a wordl i ne driver 35 and

carries the contr }.‘

AdB93IST Referipe navie Yigobh eps’am b G ST g detector 51, which s

t rRASAISION,; Sgo% high fon 8 foWlwanosEBEhdS Bdeh Eithe AN Blctive Adode ﬁlﬁnal is detected.

transi stor 1 are conn o t.he source

t P60 6 Mare eI A AP s b i CosdBGich go low.

I esRe Gtel, vakne. Cfaﬂfﬂ@e@@ of the ATDGulke Rhodef 1sfpt1ma15quﬁ:ldyl’ to Mk@while node

are connected to B an%ﬁ 0 dlg ecti.vel

Bt FIOT ARG BHS ™ e Sela e RE ek froms pie it Hnd

Of capdd@or 50. Att3, after a delay D; (e.g., 10 pS), node B has reached a voltage sufficient to
overcome the threshold voltages of inverters 47 and 48 and CloseWL goes high (thus
deactivating the associated wordline). It should be apparent to one skilled in the art that the
amount of delay D, can easily be adjusted by changing the RC time constant provided by
resistor 49 and capacitor 50. Additionally, it should be apparent to one skilled in the art that
other components may be used to provide the desired amount of delay.
[0037] Continuing at t4, another active mode signal is detected and an ATD pulse is
generated; nodes A and B and CloseWL each go low. At t5, node A is pulled quickly to Vee
while node B follows node A with a time delay set by the RC network formed by resistor 49

7



address transition detector circuit 51 (i.e., by the
pul se ATD). It should be apparent to one skilled in

w0 bweaex27¢ hat ot her conponents, circuits, and/BPCT/US2005/022144
configurations may be used while remaining within the

SRR, RSB PR i A 0ot
V\/nhlgln ahsthgraniveahwld stgyaltihdeteattd amk&otheaﬂ@Dtpulsms@em@mm t6. Nodes

i aarE B e S Cload, Rt oo AR g ol s GRS &Sy to vee

WhehileAode BGGBOWSOWde AMIB attfn&l’t&la&tséﬂby KheQR G setevortki formied thy resistor 49

t te
S TRPTEo N Ry s BB T RO SBPIS B R i eshol
Wi trd‘ltagestotf iReriket 4yandal ahd ClobWIREod3 i gh@thkis ﬁeacmdng)gne associated

r eSI ?«{)eﬁﬂgﬁ th%?ﬁ%g%iﬁg{gérege et&g %@IOf%@eV\%oeg Bgtf £0 &1 u(n?ll t8 (i.e.,

thf&vuﬁ&ﬁW)t he threshol d voltage of inverters 47 and

de 5’8% 58 OE][%J{; é\{\g]ﬁ%ﬁg’[ﬁ ﬁgﬁ?csfglbtgg Wﬁﬁl[l\{%:s%v&? Ei%tsfgg accordlng to one

acémwdhﬁaﬂu Gadedly Avhamnthe Roadlite ditivee Islity the uttive ahode, M6 Buebstuctive,
t.he Cl oseW si %&al LS

dj atel y, f d | ow. .
d Sepine g s Yorge L Bt o spB, Faan gar e vordine

r e&ﬁter isAthe afahdbynicde /M3 BitcohdvetiROMbad soncatdactive, @ndiewordline WL

Ry S NG FE IS b vt R RO FH Bk vord TEplose

oug@uﬁatoeﬁs the address transition detector 51, whi ch 'S
o S W .nanose ds eac
e T3 X et R b e SRR B0 S ay o oy romain
O nadhhﬁ:ed il B glgﬁ‘zd @Eacﬁfraté i‘rtbthéﬂ'@mﬁ]j]hés(eg,, Wiold @HQAV\HL’Bd etB) is received
and d

o e B Raes st g ek, fkcofaish S NS of the
Ve aurishi dnthotipgat @résfﬂinlsﬁﬂ\l&) tﬁ@dkbsewmmdﬂﬁrohss;gﬂahgn aldtition t6 e precharge
WO or or 49 and capacitor
O(Pd,iflg?R% ‘g ﬂ'ié%?S Hlé?n"gsy(% a“f‘i"ﬂé’“%) 10 nB), nodg B has

r ek dAaﬂ]ftt@tkdtéﬂgﬁ FRGISE 123 D&BEWL@OM igadTes dppliedttb ﬂﬁﬁlhmt of inverter

S 0 verters 2 ¢l oseV: "
2 St iy e ohu e o B 40 R pls ] ransttes
betha W&Vl aage stvﬁng)lé&lw thd 1ﬁ€brﬂeﬂCbEH§NBbdnubhﬁgna_t heheﬂﬁmugtglslator
can easi e a te ngi e .

0 s 5 e et Oy 7 2tieond BB kotBies fovelt PR i i 40

50@ut%\d diet,iovnal Voep), iaﬂd 16 a0 Hptk JTN ANIP gate At aﬂdmngmﬁt SKNANB @ate 43.

in.the art rco opent s . .

o B e syt Rt SRR s GREy o Fops R et e e A

at sebéind ifud bITEANBCIate\Q ééﬁaﬁzes thé gl Rléﬁwﬁ&éﬁcheeiéccﬂ:ﬂdnlﬂnof NAND

ATD se.| ener 0

qomteEi v 4R gt g bt br I B SR E R her 4

n Odﬁ aBﬁliefﬁltcb ﬂiﬁ%atkﬁ) @ﬂﬁanélstbi‘ M2. &‘gé bl:jmlt dﬁNAN]ZS@te 43yis Egmda@nd applied

or . sisto and ca ver

poPaRsopsg OB b En ASRingl S Dotk e Qs B OB gl

i sddacivats tHeivaphdlinadfitdaas badtivinethavdeiliae Blab thenegaive ebetline

and no&%wﬁT-D pul se is generated at t6. Nodes

volta

[0041] FIG. 9 is a schematic of the address transition detector circuit 51 of FIG. 5 according
to one embodiment. Inverter 52 receives an address input signal and generates signal “a*”
which is fed to the input of inverter 53 and NAND gate 61. Inverter 53 generates signal “a”
(i.e., the complement of a*), which is fed to the input of NAND gate 60. NAND gate 60 and
NAND gate 61 generate signals al* and al, respectively. The output of NAND gate 60 (i.e.,
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A and B go low while CloseW remains low. At t7, node

A is again pulled quickly to Vcc while node B foll ows
woome/0f208 th a time del ay set by the RC networ RCT/U82008022144

by resistor 49 and capacitor 50. At t8, node B has

vof L AGeel sPR R ERPEHDD B Bhinds8 SiEo TR gt gomtsRif i Suputof
(t NAWG li(vat dlng fedwe an spacofaNAND wore db Blliﬁ?é)n- inpud of NOR gate 63.

ﬁ]; e eélhlﬂl gﬁ‘DL}Rggnlaﬁs P%{er(eisc‘i ! elr?veetg?rt%hf'm%f ?12? glr%ulplflf V\%% e 62 and

FI NOREgate563 awhicli ganeiateotmelitaértary bighald 4Peand@r ] kdspestickly.ver

N L e R

c of6HoGenerste sipfial hZDINN NMTansikict PY gnd N gle gzh:éd Wt gignam e2DY, whereas

is, drivento ep. cont r.ast
i APTS9O SO GE, SRPISTS B REHeqy fertr 5.
n ofed W&Blk@tdn‘vtﬁt 6386l hietedoy divbrm 58\o geSerdlteisieRal aR ¥DINEG¥ansistors

ol R TP B el DL Ve RS prscrby e PP LA S geed by sigul

abﬂwe the activated wordline in a prior art devices

@P%ﬁ r h\ﬁb Ilgﬁfuﬁ%a%?sgg%}a at ee] orlflr{;\tférl thevqfi%re sgt?a{.?s1§-nori1 @e%et:citigl? ctzirecuit 51

r esheiv &0FI0. 9 laié‘dotdmgt th en@dnitdinit. EnEROR be Aparant fbl’tﬁib ykilled in the art

node. . I n e driver 35 of
o Mo Tarie-y EoRt P e SR Parary the addrss i
C Ogigrtab | Fusihensvle, (tls]iblﬂtﬁlﬁh dpp@rént t@orteliRillpd RAhkedrPBat(tRG)-channel stacks

Z;I%P ['a#ﬁ gaf gg “{aﬁ %St llgsgrle al%est@(dggg% o ut) F&’??lg‘g a§ 1?1115trated in

i stha pzp{fdfﬁfhsto@FIG] @0. Syeoifically, b Shoetr ATD pdfk is géiﬁrawdtnpt&spdﬁﬁe to either

i nver.ter S, Su to | evel .t sl at or
408 i g oF Paadire dput YRl BBt el Hgbparent o oe
| eskélled i0fhe b €hat T @tdtieof thd ATP\Ahls€ Outpuit®l address hnsitiontdeRctor circuit

level tr nI circuit' Q input (j.e.. OV Vcc) to..
i Shepide A R Sipt by e Bl ARsf o5 A e embgiment,
40the délpidautdd b§ the c@dy Veam} 64,8966 dpprodiindtdlput 3@k, m{ﬁlﬂle width of the

42 f NAND te 43. e ou t
© TP 20lf ottpd et onttep RNt BappCrEy 1 -3 ns
pr EBOMF Ty €hcduR e r&dogimiadd thdt iR abévesdeenided erfidimedits dlANEhvention are

o End R v s Ry S e B imORERaY b deised by those

ouskillet irDthe BIANRh@ A epadidgifiom thy &opeek thyfollewiag tleins44 and
applied to the gate of transistor M. The output of
NAND gate 43 is inverted and applied to the source of
transi stor M2. Accordingly when applied, the C oseW
control signal deactivates the wordline driver 35 by
driving the wordline W to the negative wordline
voltage (NEGAL). [0041] FIG 9 is a schematic of the
address transition detector circuit 5 1 of FIG. 5
accor di ng




to one enbodi nent. Inverter 52 receives an address

i nput signal and generates signal "a*" which is fed to
wo b@eios2ot of inverter 53 and NAND gate 6 1. |PUBEUSBN5/022144

53 generates signal "a" (i.e., the conplenent of a*),

mgich.i fed to the input of NAND gate 60. NAND gate

6 G i§ate 6 1 generate signals al * and al ,

respECtAméqutgéﬁlaﬁtoauir@u(%y;fcoﬁsﬁﬁdﬁiwate 60 (i. aI *) is

vare o2 bR petion NG A48 sHRERSS Tléianpe%%tf%‘é%" delay

al) inferfa@dnd 0 an i nput of NAND gate 60 and an input of

nvert Gresiost (MOd. Vo2 R SRS e pr KR e e s

NOR gadae o SlosivbinCittigenaticin aamplonn@Ricar y si gnal s a2
and a2*, respectively. [0042] Signal a2 is inverted by

inverter 55, fed to delay circuit 64, and inverted by
i nvept e fthebi@ geieRRrairtuisg) dlcladr Divtierellr afdsingst detay pBBon includes

? ggF%l\%%(?a %1?@ |t(f9g ﬁ%ﬂ ’c%\[:‘?apgfﬂ egLFP‘gatD(lgé ag\f[l\lgvﬁgxiemgéld predetermined time

Sidlay aftdryal issde@indl byad R( Smé onemdted by inverter 57, fed
to delay circuit 65, and inverted by inverter 58 to

generate signal a2*DLY. Transistors N Gand P2 are
gat egl Wik hinfeb@paderad chtoft (4wmceaﬁ ltw‘hafeﬁi ﬁtd(lfn& deRiyanion is

FRERTCRENT IO M RIRNE T -

Cialdohtrdl pblsd, shown in FIG 9 according to one

enbodi nent. It should be apparent to one skilled in

the art that the signals a2, a2*, a2DLY, and a2*DLY

ar e gerngkabhReutigndrRaRatse(4bPoflchim a e ftsaldipist p@tigniabperable to

Furthernmore, it be a nt to one, skil.le

© R Pt Aot GG SRR e bR e TPl By eceiig] by said
WitlnheoGORgAtEbr diftuit.esponse to a2, a2*, a2DLY, and a2*DLY
as illustrated in the waveforns of FIG 10.

Specifically, a short ATD pulse is generated in

respen S‘ec&ﬂoﬁl'bbb €16) &)rﬁirlﬁn{d)gy @vick Adolpfigingdge on t he

address i nput SI nal ., Furthe r it shoul d, be

appar erft aa egﬁﬁr@n thqny etggtoy {?1} {‘?Eprgglfcmtgt‘?actomirﬁé’ulﬁf drfh of

the ATQ tﬁhgoﬁﬁgeﬁbfbtbﬂ&lrcbﬂ (450 ebspemSive toasaigliconteo) paled, eidl Gmeout
circuit 5 epends .upon the delay caused by the del ay
C|rc§?F§mﬁﬁ“° On?ﬂm?£e current enbodi nent, the del ay
caused by t heirfkedehy poitiot (MG, 46448, 6% 50pdefipiE @ predatemiyedtime
- 3 ns. H s the ﬁnﬂih of the ATD pul se output by the
addr ess t FERERIETEH Bt ector circuit 51 is

appr oxi mat elareset gortisn (MAOKAR), bdid tilaeuuk genpertar etadifoz@otiucing a
that the above-descri bed enbodi nents of.the invention
are i nt oISt SBAEE {PTHCERTATIEy Y AP G nee

al ternative enbodi nents nay be devi sed by those

skilled._in th art out _departi romthe scope .of

The. o s e st ) ot SRR oS Tytein e R f bperable
gab efeat edid Séﬂh@llpuls(eéﬁéh tHinGeORk il migle s@niliismsdel &y said memory
portion (MO, 47, 48, 49, 50) for defining a

pri€¥€t-ermi ned time delay interval; and

=

7. The control logic (16) of claim 5 wherein said time delay portion includes a resistive
element (49) and a capacitive element (50) and wherein said predetermined time delay

interval is defined by an RC time constant.
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a reset portion (M 1, M2), said tineout generator

circuit for producing a close signal for closing an
wa@ewbwe22trdl i ne in a nmenory device. 2. The tiPEDUS2005/022144

generator circuit (46) of claiml wherein said tine

del a rtion includes a resjstive.elenment (49). and

capa%i &i?‘%&"“éqog‘?ﬁ‘ﬁt(y%@gﬁlm SSW &r é?lﬁgglgl %?‘%Eﬂ%% 8 P?ﬁr%bzedto

t ippeRluckedamlycldse kighial al saidprétiefeiniaet] tiye dutyRetvalnfteceastiansaid control
3. The tinmeout generator circuit (46) of claiml

WREREi n said tinme delay portion is operable to produce
said close signal at said predetermned tine del ay

interval after receiving a control . .pulse.. 4. The .
{1 medut by ERPLIOBE (1) L e Y Yol paid fesf ROtiofnpEe dofegfert said
I @bteR@Rdd 1Bt defayGRervaldifier feceivigsdaiy donsalipdlse.

predeterm ned tine delay interval each tinme a control

pul se is received by said timeout generator circuit.

5. Ale Qapﬁlglgbryld@gj;@ cébfisifgor a menory devi ce,
o7 00 AR BTN SD PGS AUy S FETRBOTS G Ay of wordines
Ci r CirLo,(WHE)) ah &8 PRRSityVeT dightlisailHl, DO, tvidreid 94i8 tnem®8) odlls are

ti meout generator g¢jrcuit . ising: a tine dela
port?‘c@??s‘?’}ﬂbéb,salﬂﬂmﬁ‘é‘?s %@,Salgg)néﬁ[l‘éqsi nigng a predet er?/ri ned
ti me delvaydlidRidaretqds) f@ndtiatineseéastune bf @il wodlides, sMi2yordline
sai d timeout ,gener?tor, ci.rcyit for producing a close

si gndmver BFPRFiES oS %5R Sigtli 4?8 wordline in said nenory
devi ce.a Bntrol Mgi@8Y, dthprlsiigi ¢ (16) of claim5 wherein

said address transition detector 1s operable tq creat
said contr olanﬁﬁ‘ﬁgsé ﬁé%%'?f’ntqeﬁﬁt%ﬁl)a%@f P “°iﬂ¥&ec°§‘F<§H3 Se;iag‘?

asserted forata@ot: deREBiOYciftai (458 responsivii® sgidrbiitad] phileg kaid timeout
(16) of claim5 wherein said tine delay portion

i ncl udes &UFRLY ST SORPRIRt (49) and a capacitive

el ement (50) and awhies ®iay poitiod (VIN & A 48 49, 5eYdeffiniig a peddeyrmined
interval is defin o{ biy an RC tine constant.8. The

control |ogic f“i‘%ge@f el A% wherein said tine del ay
portion is oper akleset ForfsrOQUAEMI ), shiCliasmRit Sdngragdr cidduit for

sai d predeterm ngd A rreﬂ?fgl aélﬁa'b?t ef val a t(ir recei vj .n%
said control pBiedueinggaidglnse yignal fog clopigeaid gt {east ope W8fd$1fl

5 wher ei n sai dagtiesed bpaid watlidesdrioper abl e to restart

said predetermned tinme delay interval after receiving

said control pulse. 10. A nenory device, conprising:
11. The memory device of claim 10 wherein said wordline driver ((35) automatically

deactivates said at least one of said wordlines in response to said close signal.

12. The memory device of claim 10 wherein said wherein said address transition detector
(51) is operable to create said control pulse each time an active mode signal is asserted for

said memory device.

13. The memory device of claim 10 wherein said time delay portion (M10, 47, 48, 49,
50) includes a resistive element (49) and a capacitive element (50) and wherein said

predetermined time delay interval is defined by an RC time constant.
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a menory array (30) having a plurality of menory cells

(3 1), aoplurality of wordlines (WO, W.Il) and a
w@bkwsabi2ryy of digitlines DI, D *), wherein sai BCTERNY022144

cells are accessible by said mordlines and said

digitlines; a rdli driver for activati

| east® gﬁ%mﬁ?“”?glgﬂc?/\%ff gqninr}g? %3 Sa d\meoqeﬁlﬁgo’glp \(/@?0% 48,49,

r ssp@ Bﬁeirétﬂ?e tb Producd semie st gipall at saidreeemminedaimd dufiycnterval after
ngrlsiggz an address transition detector (51)

fa?mwwaaﬁ FHRFORPESnt rol pul se; and a timeout generat or

circuit (46) responsive to said control pulse, said

ti meout generator cifcuit c tisin

P e SBhie S i o SR e BB gt o
t irdRirtdeladyedbibinghdalne RN idervaiSEbr Peivingsaid(dvhirdl pulvé.2) ,

said timeout generator circuit for producing said

cl ose signal for closing said at | east one wordline

act i vatredethyd Saklesindntctinewsilinedh a mbihory Hi@y rempriying:
device of claim 10 wherein said wordline drl% %%fSS)
aut o rmtgF??éa}t’ln% a genteo] pysg (84D 4t 7gsPgpse|tR AL gCliypmogs: st

wor dl i RE$valify 4 ®ERNEGEn ie@p&l@d 1d s8ill 06 RroSpuRadaid thider mikdairing a
menory _device of clajm 10 wherein said wherein said

addr Bedetemugd fip defeydiesvaior (51) is operable to create

sai d cQpjdusthg PHbSRIRAITIIst W) airegifohicu tHEREFrasibgy bBdaid S
asserted for sai g? menory_ device. 13. The nenory device

of cPEistEmedHEe W@Eﬁ“@’tl me del ay portion (MO, 47,

48, 49 ,cloafy sdid&dtivel &Brdding BSEpbise €0 Qldi@etighA9) and a
capacitive el enent (50) and wherein said predeterm ned

time delay interval is defined by an RC tine

CONS{AMthe Aftthod BECIARNB WhetlY satEpe@ératidgdl dhitd) pulie€melutes at least one
said time delay portion (MO 47, 48, 49, 50) is
o;ﬁ’@r able to produce said close signal at said

predet Qi%ﬁbtﬁa%@rkin@%d@&if@ﬁdhﬁiv@&ﬂbﬂé sigdal;@hd r ecei vi ng sai d
contr ol gul se. devi ce of claim 10

wher ei i€ ‘éi"@arfélg’é%edéﬁf’f?aﬁi? %ﬂmaesw is operable to
restart said predetermned tinme delay interval after

recei ving said control pulse, hod f | osin
an att W’g mgehod of glam 1 "élPeﬁeé‘?ﬁi‘F‘ilpra‘?”Fg‘ﬁ ac Sﬁﬁgf}ag#ﬁéﬂ comptises

geB@h@bdidiedtcpaitbd fine Bélhyp@itetATId)prdventisgidl RS Egiabfréf being asserted
active node signal; actlva%l %&a tinmer (46121‘?#5
r é’%l}éléﬁ‘sléasf%“eé)é?éf’néeo‘im peft &e? eomprppngd i asuring a

predetermned tinme delay interval;

19. A method for controlling the refresh rate of a memory device, comprising:
activating a wordline in said memory device;

closing said wordline after a predetermined time delay interval has expired.

20. The method of claim 20 further comprising refreshing said memory device after said

wordline is closed.

21. The method of claim 20 further comprising:
detecting an active mode signal;
generating a control pulse (ATD) in response to said active mode signal, wherein
said predetermined time delay interval is measured relative to the generation of said
control pulse.
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producing a close signal (Close W) in response to the

expiration of said predetermned tine delay interval;
webmsiony7sai d acti ve wordline in response to seeTUS1005€22144

signal. 17. The nmethod of claim 16 wherein said

generating a control pulse includes at |east one of:

detecting a rising edge of said active node signal;

and detHetndligdaf tlaint 2 Nyrteadgemprisigpaiedardng saikepredeciemined time delay

siﬂgw %?. ﬂFe WEt%ﬁﬁ(ﬁ %Lq%ﬁ1gg wherei n said

priBEGe] W Aneny San e s SepR] /Y 5 Eonpr i ses setti ng

said predetermned tinme delay interval to prevent said

cl ose signal from being asserted while at | east one of

a wite command and a read command is enabled. 19. A

met hasl Tremegi@dtof elbin 2I0whdi€in k44 d@sdking ad £ti0é madeeygmal gomprises at

devi ce, conprising: activating a wordline in said

néﬁﬁf?wéévice; cl osing said wordline after a

pr edet er mdgeding b fed derhdynd iBdued foakaid@msmeryletied an?0. The

met hod of .claim 20. further .conprising refreshing said

memory de§REGnER BEHE ORGSO AT I01 | The

nmet hod of claim 20 further conprising: detecting an

active node signal; generating a control pul se (ATD)

in response to said active node signal, wherein said

predetermned tine delay interval is neasured relative

to the generation of said control pulse.22. The nethod

of claim2 1 further conprising restarting said

predeterm ned tine delay interval when another active

node signal is detected. 23. The nethod of claim2 1

wherein said detecting an active node signal conprises

at | east one of: detecting a read conmand i ssued for

said menory device; and detecting a wite comuand

i ssued for said nenory device.
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