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BACKGROUND OF THE INVENTION

1. Field of the Invention

[0005] This invention pertains generally to semiconductor memory, and more
particularly to dynamic memory having a static memory interface.
2. Description of Related Art

[0006] Static random access memory (SRAM) circuits provide high speed data
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WO 2005/ 008736 PCT/ US2004/ 022506 access while
retaining data as long as power is retained on the

WO 2003/608736. Static RAMcell structures, howevepgrus2004/022506

typically require at least six transistors which

limt the nunber of nenory cells which can be

f
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c cteristics which limt its use. For exanple, the
access tine of the fastest dynamic nenory is

[0007Yypi cal DynmﬂmfRANDWAMDm tro oftes hasidacan beeveryydensely packed
s

since 10 readin tate of the cell requires a
pdIaCcayse oy arélng:be Hansistar and eaRARIOE i Feplired: peR Memory cell.

oA Rake Vo R RORAN fifesl fciforh BLBROR sy gnd o ther

f ropargbtesstics weiechniynit s des! IR eixamplaiBeeiotess timie bethe fastest
or restore, operation nust follow each read operatl on.
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maxi mum access tinmes menory as jt i s unavail able

dupad girewist B adgiigny @ad@warom@mm@ymsmwrﬁﬁﬁﬁr@ven wherein

o Ve o FodtBHE SRRt RIRICRY ot Fond BREFin, Furthermore,

ngariodicofefteshingotitel cellstatBsds irdquirstkso gmﬁdutaws nbt kstin
refresh and rewite issues hidden by interface Ioch, -
t FESpRNeg todrakage surreptschanging theagtomd voltage ¥plng, T hese

e e

denemesy asitiis Imnasadaablalnluhngrrdstmae iand refreshei r dynam c

0008 1 BB ek Y o g i
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be fabricated die area than is required for
SR¥gviceBh eTherkaa(uelmgaln@wrtlmthelrefmhmd tevyriteResnesshidden by

menpry type [ rovi des hi nepory depsit iy |

EBre X0, ReTARRAL e 2Peeal by FETEHE SSERTS ERAMy dnese

of pRAWPAEViIEES WhicH 88pE4r substantially similar to SRAM devices are often
referred to as 1T1C SRAM devices, which is a label indicative of their dynamic

memory nature.

[0009] Using DRAM which operates similar to SRAM is attractive in that

DRAM, even including the overhead of intenal refresh logic can be fabncéted
in less die area than is required for SRAM. The 1T1C (1 Transistor 1
Capacitor) SRAM is a memory type which provides high memory density while
incorporating SRAM similar interfacing. Yet, a number of compatibility issues ..
remain with regard to using 1T1C SRAM in place of conventional SRAM.
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30 remain wth regard to using 1T1C SRAMin pl ace of

conventi onal SRAM -2 WO 2005/ 008736
WO 2005008/86004/ 022506 [0010] (a) I nvalid addr essPEEYESAI04/022506

[0011] Menory addresses for SRAM devi ces are al ways

lid, unlike DRAM devices for which "invalid
[oowjdress(a)cdﬁﬂﬂ ligiagigbessissuecur . Since SRAM chips have

f h t
1001 e Mo A BE A for AP ioGE S Rayaoau nlike DRAM
DRAdViced edr Wh@h apaRe addfess?Icofditihs 23n! db%ﬁf'f Sﬂc%r‘%RAM chips

time to allow for the restore operation,

cahﬁ\fﬁ ngseegline the @ﬁt@nedamm eefeash operbuonsathe)requdstedaeutput is
i fferent

Aays Wbz, Fodelsioih DR AW When 85 Adress: inats for an
s euheafﬂcﬂﬁﬁ&m@@td Hifow Forana! re@c%'?e Q)?'elﬂé?cldno‘ﬂqe OMbEIct) cannot be

duration of the 10 nenory ad S can var

degRIRIAkag @ﬂdmﬁécamuﬁm&lmﬂmll loen lgsibr | oﬂ sever Ialt
RAM t hat resu In
001 5 S A M A G i o

Phan s hae"*m'e“n'."ﬁﬁﬁ' PAGPEh BELPY (L0RARCERTIG P ¥ fation of the

f JReGEY @ddressagan vary. Howeveredeperdingsn thélmidmss duration

caleriol B8Se Rk Bhis. B AREHER sl 4t 6 SrAhhet seputin an

chavegmj addriegs) Ng operation. [0014] (ii) Long address
lid pe r|od When the duration of the address is of
o1}

ffici(@nBh Pétrﬁﬁdﬂe%vel&rpe@@@. leemm,ﬁmmoatofm address is

0015

HShERF YRR i TRE e e W R L e 1 cota o
tlberesttd'eds(A)l yhtecmmhmnm tRawsfrféhYthﬁ (?t I fekflfired time
m_croseconds._ t he boosting |evel a wor :
sf‘% gamnlete 3 DRAMaRsgation TQ%O%ﬂaﬂoﬂe@Qlwlhgga clmfgb restoring

rpded. 25 [0016] (b) Refresh hiding issue.
‘{i 817 Since the 1T1C SRAM has the SRAM i nterface,

[001

ontr Ol(")s Lgngla&'idaess valid perodti Vit the @erbtivalof fe éddress is of
n copnventi onal DRAM even though

t %Ll %S’é?rlt?g télef?% elgr an DRAN aperation witheut causimRrany
| prdblesR! (B)i S |
[0015] - (iii) Excessively long address period: When the duration of the
address is too long, typically longer than a few microseconds, the boosting
level of a word line signal can be lowered and the cell restoring level can be

degraded.
[0016] (b) Refresh hiding issue.
[0017] Since the 1T1C SRAM has the SRAM interface, control signals are not

received for activating a refresh operation as in conventional DRAM even .
though the cell refresh operation is required since the DRAM leaky cell is
used. The internal circuitry performs the refresh operations. However, the
accesses to the cells for the purpose of refresh can be generafed at any time,
such as shown in FIG. 2.
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used. The internal circuitry perforns thehrefrlelsh f
i s. However, the 30 accesses to the ce ls for n
W?%@%?%&se of refresh can be generated at anyP‘ET/Héz,UW“ZZSM
such as shown in FIG 2. -3 WD 2005/ 008736

US2004/.022506 0018] (c) Page node issue. [0019].
[qﬁqu;st ac®s aﬁ%d@?‘gq BFHEred to as a page cycle node,

il 0 | din th .
IR t ot 2€hsioRghale el 1 o8 SR yelP pids oy be wtiized

t he ipewhichrdats &5 afcckbag iﬁﬁﬁ%aﬁie@qv@wﬁﬁﬁb%ﬁaﬁéiﬁg Wrow / address
for ?\???I%Z' e node 1T1C SRAM The first data 1s tche

wi t hf rievingribe artgymapge crfria@swdﬁe. ndeyscts timing for
i j he, ti I, t PC ch 1S .

£y LERBS Totf G BAM i g5 e eethe el hare time delay

be_dputithoisetord datee rether damé b ieténgd i fife BR&Meriod tPC which is

i ssues can pose a problemfor the associ
ci r dypically muehsshartasdban pedodyRiCal |y 10 handl ed by

[OB20Y." Krnit WiEos BbblckisBa; lersieahal sl he DRAM sues can
addrmsse apeobilefy s Ehé‘b%étgat'e‘élsdi'%gktm. I‘gﬁ%sr% szu%%.rEarS typically

restrictions are posed on 1T1C _ Ftirmmng -

whi diandied by seedifying ther device sgetiﬁcatmoflpeetbﬂm: gl:amn'gnet iT1C SRAM
ol dm he . cabi | i of

cheals v BperBHfo; (i Msiung the Ikl Shressrandrslieeaniding issues.

15 rEwtis,Eonge sesthittidhsdrR Wor?‘iﬁ%ﬁﬂl\@%géﬁoﬁirﬁwwmch fall

devi ces. OOZé] (a) Restrictions are specifi
ens $hertsefArp¥iding full compatibility with SRAM bhipg, Bhaehéfeby limit the

Mo e | d address. .The restrjction attenpts
to. RSN foRTaYHcas TEEIcwpgaudines Bpical
enf oesteistions ReRmSarel dosedort 8BEEING T8 SR %vfc%%.
ef-up and hold tine which are not™ otherw se
W‘f?e{iessar ¥a} Bestrichons are rpgeified yo eﬁsmtm?.lfﬁgmt eddesss set-up and
00 : |Gl . SO spgcifi to epsure
| 00Felq o BPSblucin 4y BE LR P et SRS
of Dvedne s ir’ﬁfbﬁd buer@g@??f‘:léﬂhm%w S'rngc{/f‘icggtdm%l%essarily
[ h, however, sti oes not / ,
;:rgl Séfé)rg{q(ﬁ'?'"gvmﬁfg'ﬁ frr satam and, heldstima whibhiade mot biterwise
i - - i L . access
(1 Epetary for B st Moo R 858 mposed on
[002%]r ess gheRestrictitnsare alsbapetificddo ensure that the address is
available for a sufficient period of time to satisfy the underlying DRAM
limitations. This approach, however, still does not provide full compatibility
with true SRAM devices, and burdens the circuit with additional memory
access limitations.
[0023] (c) Restrictions are imposed on address skew which are often quite
strict.
[0024] (d) Restrictions are imposed on timing instances to be avoided so as to

prevent erroneous memory operation.

[0025] FIG. 4 depicts a conventional pulsed word line scheme within a 1T1C

SRAM memory device. Access commands (i.e. read or write) and/or address
are being received by the Address Buffer and Command Buffer. The ATD
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strict. [0024] (d) Restrictions are inposed on tim ng
i nstances to be avoided so as to prevent erroneous
WO 2P PS oper ati on. 30 [0025] FIG 4 depicts @CT/US2004/022506
conventional pulsed word Iine scheme within a 1T1C
SRAM nenory devi ce. Access commands (i.e. read or

w Cespratandetectsiadaress tmithmﬁn@if@@rﬁé&i@%@_égb%or generates

ffer.

20088535 BetPRsson o708 Caasratariagd QU Geserator an Ad
adblock gehefeites biVaRa atiirbss (MSmAND BERBEAISY adlonsE e Talid
commands. In response to the Cor
cdptaraaladdiasand a Bloskicogémebiatck sefecte bt ﬂ%&?sarray blocks.
in }I . oder decodes the valid internal :
a dsé’?g n%(aor@r ‘gﬁ’ FGAPPLeR (Bl ldae SenseiAmpiifieny gontrol
arsn@)e|§)bﬁglﬁhe,5refatéﬁr$¢ﬁg?controI bl ock generates BLSA

' ' ifYer

Bit Line Sense Anp control signals and ot her

[0026%] at ok Wiy Renerafop0actd ine\beferesn operdtes td shkbR the word line
g a operates to enable the word line of the
D%Zﬁ%g?{‘z"érdpﬁ@ﬁ"% %ﬂﬁ/érmﬂbée blaskiganenaieateBL8AREbIe
e #£ signal. 10 [0027] During read or wite
operat'i ons a Delay Circuit block creates guaranteed

[002He| ay Durieg read arektiterapsrations wtDé/ay Tirdaitblctk ér%ﬁfé%r e
bl [ eat.e an OR) end of restore signal. e FOR
s Pg%gﬁ“%‘a?‘zg Graé’st"f'ﬁé ENO&Q!’ Testareaybile aneE s nf rasforedsiociotreates
' ' tion
o e ndlF e EOH bioRel fARRs 1A feud T and
[ Be8nsing.coptiod bimch|sigrials! mngnpqéaa df?@?ﬁe @gb?ﬁg%e rgrﬁon is
n e
WJHBES0. TH8 D 0T earaarsend-bugnadnd Buffer, A TD
O eccr Lbed 1oy P igbrin 310 filepfblaBERehstfieRs, dicosses
bgﬁgiagmﬁ@m@g (réad hewrite) aret fher AddraseBUFDT Cofinidhd Bufter,

g,gzbgﬁé@%a? réz:‘l\'ﬁ@gégﬁ%@?&er o @%ﬁgéhg@érggg asdlgserbed for FIG.
1 vestchest o AR S92 e ShEn§EAG g a o

F‘?fl 6{]38(@3’@%@? L?gﬂetn%sb apesatiarheThaifplldwing eabes ean @rige when
r & 7 118sh Wolnld1 block request refresh operation.

[0029] Case 1 - In this case the chip is in a stand-by mode and refresh
is performed.

[0030] Case 2 - In this case the chip is performing a read or write
operation, wherein the refresh operation is delayed untif the read or write
operation is completed.

[0031] Case 3 - In this case the read or write command conflicts with
the refresh request, wherein Arbitrator decides order.

[0032] The Decoder block decodes valid internal addresses and the Block
coding block selects valid memory array blocks.

[0033] FIG. 6 is a block diagram of a conventional late write scheme.

Accesses are being performed (read or write) and the Address Buffer,
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operation, wherein the refresh operation is delayed
until the read or wite 25 operation is conpleted.

wo 2009fdstbs Case 3 - In this case the read or \Mlﬂ&,@sqwgsoﬁ

conflicts wwth the refresh request, wherein
Arbitrator decides order. [0032] The Decoder bl ock
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Flaémrhiandithid Addblotki gbREIASS 8 Velidadiréd < 4.heis N-
present address is Igtched in the Adr |a cwdo\?gcihﬁSN1

anyiteaddsessestroauthe latsh). a{fdhe@lhimdldtr]!m rafoarm a prar Wniée
| ' Vi i it
cSeimaht, {12, e P SbePHian Rited pBomied. Mpalip Was

| previoaslyyperforting b virite Nonmahit &MEWDHW%I‘OEE drives
atch). |If the chip_did not performa prior wit

cdﬁﬂ’fﬁr(aata iR Hatey (igpitds %ém@ﬁa imfram latdiB. per f or ned | f

100341 Nt oy BEBHAHI REELFETLAR Bl Saf TR0 rowewy

datlectiondy WL GenbratofBbaki MHe' G Bl D@:odépblbgg%&odes valid

The Row Decoder bl ock decodes valid internal a
f ditemal@ddyessas for Colimn(C L) slection by G8loGenefiter. The WL

ool sl i B e ST e e T Bestorm g biook (not

Gshewab disablex-Wiennd ltlﬁéstehglﬁgoédht}'dlg%a]e—é;ﬁl V\%ﬂ rgfe Qperation is

store EOR) bl ock (not shown) disa
H@ihﬁg @"@ip tbegﬁatﬁrsmstandmbysiamserau on is 15

T e e .

SeimylatercativeritionaipSRIAM devitek dizetd ANRIber eF 8lawibd¥¥s which limit
a nunber of drawbacks which [imt access

d hav
séééé?ﬁesiﬁ%cgam @pplicahility ang whichrargmet rﬁuity mmpgmble with
Cesmntiiral YRAM d%@f&é%nmn@;c'rn ity n‘&jﬁ mfﬁgacmg and use.

conplicating nmenory 1 nteéer

pﬂ'bsmesemt\mmmtmn overcomkssthebe slefi dnehcréseaﬁm asaéthers of
as  ot.her vi ously devel oped 1T1C SRA

" Btevidtiy HeveRpen 3L SR etbrigsingsations and provides a

number of benefits.
BRIEF SUMMARY OF THE INVENTION

'-4'(

[0036] The present invention provides circuits and methods for interfacing

dynamic memory (DRAM), making it fully compatible with static memory
(SRAM) operation. The invention is particularly well-suited for use with 1T1C
(1 transistor and 1 capacitor) memory cells, which can provide higher memory
densities than available with conventional SRAM memory cells that typically
comprise six or more transistors (i.e. 6T SRAM). The obstacles to utilizing the
DRAM as a core of an SRAM compatible device are overcome within the
invention to optimize speed while reducing the burden on other circuits.
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[ 0036] The present invention provides circuits and

nmet hods for interfacing 25 dynam c nmenory (DRAM,

making it fully conpatible with static nmenory (SRAM

ratio The i.nvention i articularl |l -suited .

BT Jee dneinierite athpd iz byisingde ordioe By pocessing

MenBienaér§! WhichWhbkés 68ier W ilifles Rivainle T&MBSforming refresh

densities than available with conventional SRAM m_amaré

cel pRefatianst ypedaeihpd aserprovidessior compasing the slusatiaroekexternal

(i. . LLizi e 3 M
(L a3, Laobstasl ol HuSLLL AT 43R bEnH
Wi t fespohbe to they avdilability of thet address bpgedd whiven deditiohnguch as
t he burden on other cjrcuits, -6 {0037] The inventive

met RYIBGRAUE SQQr priesding ey (e Cydle tire.e Yaagition late
por Pifng oeriBrcRl RwAER The WAE obbRBN BN M hB'wrie control
pr osigdakisfdisabdedrpar i ng t he durati on of external

[OERE G ctbinaReTEdEPELIN (o RAoRa 1Ay SIS fiationa

addfedrel D WG irfyetiv R ard deRhb@th t éhtlenPelaitfls ©OHB memory
to or exceeding the mninmnumtRC cycle tine. In

addtir¢uirhaving dynainid memay eafls corfigurad whisthulateestatic neemory,
operation begins afterﬁ{yhe wite contr"ol ?ér%Sfy' is ..

i SGHTBHSes dakaR 2y 4 AVBAMIG MareoydilRelre s ecomprising a
i ndﬁﬁg@@éﬁsiﬁbﬂbﬁﬂ-ca§96iﬁ)rc(ﬁt1'i1@'7?d>r edch mepidH 8R; )eatrhiﬁternal

invention are defined in the dependent cl aiirs.
menddgressigeperatingasifawg apphigrias 1oe nesejving laddressrandyoerghand

ay TNl U bk AR ey AFRFARS (cd B bRl it Elor

t r anesling treihterappsddressé¢sl A& coholling eldc8BR theldyinamic

(b) an internal (gdress 1generati ng circuit configured i
f of Megy el Ak DdmeaR e IRRRIRIMDEA MO iina Ot IR dhe dynamic
genﬁ{e?ﬁdrg_gvﬂéﬁ ﬁfg%@?e(ﬁgwr?é?@éogjfrﬁrcéit 3RAQM5EN H feFitidated in

for receéeiving the 1 nternal addresses and controlling
acceesponee thenakymam cyclerimer fRCeMhen iamdn¢phgetemodef or

e adedt BpdeireleciBRd R C HhEiR Pagk RaPS
OB 7! e e BRe ) BTN Aok (o evtemal
t i neddnepyROyatidnsnagaingtaayeinterdel duration to detect invalid address
durations and ignoring the associated operation. The memory circuit may
further comprise means for commencing the write operation following
disabling of a write control signal.

[0040] One memory device, comprises: (a) a plurality of dynamic random
access memory (DRAM) cells; and (b) an interface circuit coupled to said
DRAM cells and having circuitry for performing read, write and refresh
operations incorporating circuits configured for performing one or more of the

following, (i) pulsed operation of the word lines in response to page and non-
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[0039] The nmenory circuit may further conprise neans

for conparing external address durations against an
internal duration to detect invalid address durations

and ignoring the associated operation. The mam)ry

circuit urther, co | S n

o | Bebe BRtes i Ve Rl BRiNE 2y adifest AUraton @ibaison for
con n@'rln '&)@@étmﬂ%m@é@%'ﬂlf&eé’@&f & invaR@MEAGR S(iii)

(a) a pl ura ity of dynam c random access nenory
DRAMmehQS? wiitedopérptian follavdng disabling of atwrdetqﬂntml signal.

[Nf‘@id o 1 eSS R e TR AP eCET e b HrdiaeierBTaeR § Mbroase

ci r@@ﬂnFan@uquué ej@néﬁfc RAM dedicBS withestatic RV ifterfabifig, or in
30 follown [ ed operation of the word |ines

in ¢@thﬂ%'@”tt@ %@g@eaﬁf@"h@ﬁmmwbﬁsa@@ Mrisdrréaces provi de
[0d4 ﬁlr esh R'ngth%q 'm rlnb}y &gﬁ{:gﬁémg#lrs@% Igg)na gm% ?Bgn‘far% c random

orlng operati ons “‘assocCl a ress” o

i nvad:a:efksl reegidny (DRAN) ceaier {ram intereacer ditcait@pephid torsaid DRAM
foll ow ng, di sabli ng of a wite control signal. [0041]

Th eS%” hawingcirgd Bré/(,fPE, PedRmiBg rag We%a%ﬁfe;pépgpratlons
Hgg@?:la“tgd %ﬁ/leﬂpﬁfo'nmdmﬁé(négn &I ltﬂ)’%g{%t T qugﬁbﬁr?é

Interfacin
pr ovpemtians @skgciatatpaiti IaUdreSIQAMwmd:reafeamen{e@wfan invalid length.
Anot her nenory device conprises (a) a plurality of
dynam ¢ random access nenory (DRAM cells; (b) an

[004'3‘] er f acAn6iHer hémeRH@bREe E8mpRisEs ILﬁ§||it§/ f EQHamlc random
having circuitry for performng read, wite and

r ef BesgssOpemary ()IaBAM)lcc}allah@)(an)lntﬁttacessrcdurc@uptad to said DRAM
it d for i i :

cpebals SREnGLEG sl G bhAitiRau8ae, MR Erstresh operations:

r ecghd €6l @fat@ﬂvrlt@‘é&bwﬂcbﬁﬂ'@ﬂr@d forl S¥HctiAg atvaste ion following

devi ce corrprl ses plurality of dynam c random
accdisgb H'Mr@f?“(rlﬁﬁ&wtr@b#“g@a (b) an interface circuit

[0@3:1'?' ed kﬂoﬁ‘ﬁér%%& &lﬁcﬁ?hév??é‘agnm}e rﬂgp%ggg:gilg g%réﬁgqrred to

ormng read, wi era
( ¢) simulateestatic reemonyc nompueeﬁ i(@r ad afrmy qfetyhamic neeraory cells,

bl i f
R S e S et ot sptone
dyn%&lr@%ﬂyes%%ﬂosc&ﬁﬂfdrﬂ%ﬁﬁn{aﬂon% éHe?aﬁ‘ﬁq"Ht@rnal

menory, conprises: (a) an array of dyna
cel hddresges;s(et h desod®n Oramor rédniviag theirdemal addmsees and

OB AP (BB HIE fBon 98, KPR ool crui
configured to output a word line to said dynamic memory when triggered by
said decoder circuit and which is terminated in response to maximum cycle
time (tRC) when in non-paged mode, or maximum page mode cycle time
(tPMRC) when in page mode; (e) an address comparison circuit configured for
comparing external address durations against an internal duration to detect
invalid address durations and ignoring the associated memory operation; and
(f) a late writing circuit configured for commencing the write operation
following disabling of a write control signal to the array of dynamic memory

cells.
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addresses; (c) a decoder circuit for receiving the

i nternal addresses and controlling access to the
dynam c nmenory cells; (d) a word line control circuit
configured to output a word line to said dynamc

t d by 25 sajd t
rodff on” s <OPB. RREEH iePsiis Bbely LTl ot Biopss
(t Relenib19rells th eRtaPRAIGHHITESE dabd aRBEoRHB] ﬂ@ﬁéls”@é’ﬁlpnses (a)
cycle tine (tPMRC) when in page node; (e) an address

conpulsingohedverdline f@bﬁfsﬁwwme@morymam eijeewoed hings are

B R R Ty A O Bon acces

assapahed t@ﬂ@t&dlngﬂﬁaﬁhemuramrdoﬁﬁn eklerpall idre¥s bignabis equal
circuit confi gured for commencing the vvrl te operation
f ol 100K Pxpedidsdbe inpiginaemdRer excde tiges apA (8) epramenginga write

ar r Bé?r%fn?ggf%%ﬁe Wi E%fnttr&eé #r?ads have B84Rl4i e et hod

l'ura nam ¢ random access
[OmtSrIDry cells to external address data and contr ol
[ [ the word line for

O SR RRS S o el K IR e enhncec
av abb@%bﬁgﬁlg/ of B 1S SR AN ¥fed e bhd §|Pﬁlaf38@\2bé§‘ Saéed\%h%ynamlc

line iven access in 5 response to defect
t hamemhwydmras ivaith ocbn\aamtlenaleSRAIM dedces;s signal i s

1008 c oo IO viEe TefferhRidbie. Brce moe Y FisBPOr, and
Conél"rﬁ|na$é g0AbLAL Fé%‘t’rﬁ:tu@ﬁ@'bndéc%% ®ithing0046] [ 0047]
Advant ages arising fromuse of the invention may

[0049¢| ude: thendkilitydd pradde emeéresbihiding nugthod wbidRranlizes pulsed word

ggﬂé %es i eﬁa | arrdﬂﬁ qg;#ﬁegggha@ g\ff’g‘% fof sUppdrting refresh

abi bpémtlbasprow de refresh hiding, page node cycle
ort, and _elimnate current restrictions on access

supp
[0(&5031 ng; F‘@Oﬁ@]'tyttﬁé’r‘%fjﬁlaﬂﬂrQsc‘? HratioR eorpagispas i whisghige validity
met I
(e et Rss s KRR URE firat Balt ankhire| dEpss Paffitfbes in the
suppecdrichpant ef thes addrese vaticloaxceddstb Qiveniduration,isughtas equal to

Vel PUPRGPECR iR RCEE BRbked 1 n the first part
O os R R0 PTEAAg Bt IO bR AR a kit margin
t o insofar as the address is available for a desired duration, such as tRC;
[0052] the ability to provide a late writing mechanism in which the write
operation is started in response to disablement of the write control signal;
[0053] the ability to provide an interface mechanism which allows for
incorporating dynamic memory cells within a fully SRAM compatible memory
device.
[0054]
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0055] The invention will be more fully understood by reference, by way of
example only, to the following drawings which are for illustrative purposes

only:
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20 or exceeding mnimumtRC cycle tinme; [0051] the
ability to provide address buffering to guarantee a
timng margin, insofar as the address is avail able
for a desired duration, such as tRC;, [0052] the

[Oo%%il :,\; iyt EP%p‘LOVI g]ilr?g lgﬁtag?%r\ﬁcgy#%eﬁg @r%gmglﬁenods &unng a

di Sé&h\%ﬁlﬁhapéyﬂéiﬁlc%hBSm%%Q|mérh6f$ﬁ<|)pera§§n[ 0053]
the ability to provide an interface rrechani sm which

[0087] ows fBIG. 2 iscatipungdiaggamyofaairesmeativity that €an accuriat any time

a fu SRAM c | bl e nenor devi ce. [005 Rl EF
VRl aphinlR A0 el sS e ARG Reselon
?55] TFEG i mse@tmr:jg mdglrarlneafrpag@ rodé xcxuedﬁﬁmgwﬂmbh

erence, g exanple only, to the follow ng
dr a&ﬁ"ﬁ@%"“@ﬁ? %yfh?rf@'CfféF‘del ECEEANGBOPMIr poses only: -9
56] F r t :
0030°5L TS 14 5k et P AT baeRor o scheme.

[006@8]dom aF®s5 ik diagraat bba .coh0dnaFtéiresh scheme.
timng diagramof refresh activity that can occur at

[0064Y ti nell@i® s & blockaagam eﬁﬁlcoay%fﬁr@l e dite sebes.
[0d§? JOry OpRE af {Oh tlmﬁné Q%Q%Fc%f%drﬁ%éss détebtioh Eﬂd‘ﬂeﬂ%a?é'}efreshmg

page node cycle't onventio
dynamc:rdn'@tdmn aspad ©f thepresent DRBAliokl G 4 is a bl ock

gram cony enti nal ul.sed word |in

207 FFt6 % 8 g 0 elieqs i decsidb Riong pacording to an

refgl t%ﬁ'?ﬁé'?res{e(?]@ﬁ%n’t:b@ 6 is a block diagramof a

conventi ona ate wite schene. 10 [0062] FIG 7 is a
[006i4}i ng dFHEgr&im atimiog disgsamieafdatel witedimingeddcodiing to an aspect of

refreshi ng . acco ding to an aspect of the present
i nvelt P& nt@dggﬁlorh G 8 is a tining diagramof word

[odespe shukieffotd émﬁﬁh%ﬁ%@"ré’mr& pa@eddycleSRRiy adordiRg to an aspect
present invention 64] FIG 9 is a timng diagram

of Phihe pieseat 'fWﬁ'i‘tl'R:P accor di ng to an aspect of 15 the
ozt ERSTH £ oAUk 5 0 Mrai R gl B 16 b Ran
pr egerfading @astomiing to an embodiment of the present invention.
[0067] FIG. 12 is a block diagram of a pulsed word line method according to
an embodiment of the present invention.
[0068] FIG. 13 is a block diagram of a refresh method according to an
embodiment of the present invention.

[0069] FIG. 14 is a block diagram of a late write method according to an

-10-



[0066] FIG 11 is a block diagram of a dynam ¢ RAM
configured for static RAM interfacing according to an
WO 2808/9873¢ent of the present invention. 20 [ 00T/ E42@4/022506

is a block diagramof a pulsed word |ine method
according to an enbodi nent of the present invention.

[ @S dimeft of the ﬁre%ehf ACkntbragr am of a refresh nethod

according to an enbodi nent of the present invention.

[ 0069] FI cDEIAIhEDADEBSGRkPBlCH@QﬁnT BNYENSIQN; t e

S LN e —
gY@sfédtqmerﬁEﬁ% lebibddiSN fRE 4PpaehtusHiernadddN\ghéW in FIG. 7

Referring nore specifically to the draw ngs,
f mrough 6 4di Vewillbeappreciaied thatdhe spparates manvary as to

° B3 ub B i R AN S HRSARL ot e efid mbyRary as

app Habpscifid ¥tepRrahdPSedunceOMitheul dépaHing idnithd Basic concepts
details of the parts, and that the nethod may vary as

t@Stdn@cI@mherean steps and sequence, Wi thout departing
frromt l S| 4 concepts as disclosed herein. 1.
Iﬂtrod [0071] To solve the dynam c nenory

[0071] obl ery s’tﬂ@@m@afa@bmmheﬁhﬁy pisblems dsEbEiafEfWith the use of
nenories, or simlar SRAM nenories utilizing aﬂmynam C
Y

md G, SRORAMerDeres, arsimians BRAM mereorsm il BAMIC

o GRETERY % ST S RS By

ahiefsin AT heseditve desiadcodtepts dverctpetthe tiliid/ restrietions and
such as 15 1T1C cel |l structures, to create SRAM

c oFeRlemsl whighasiseas a canseiance:of Wtkeingrias RisAbegre caiych as

L e

i Imememeqht eanibesimpl€imentolwithdyt, the meeddor desiplicatedriegic and
readi | |an nment ed |Iethe provi de full
mﬂa Mng etfé%ﬂﬁ@@h 9es ok s mﬁsﬁa%\or@é%as(eoﬁi'eswﬁ | ar)

S CrBRaBEANE s PR oSN SR By BRIy EDN AR ey can
appedds fulbcompatikilityetivelh ol 1 SRAN) dey s s\or dintilanand
structure |§Fg&ﬁvdded which is limted by

conventional evices.

[0072] The new design concept includes a number of beneficial aspects, such
as the following. A pulsed word line structure is provided which is limited by
the maximum page mode cycle time. An address duration compare function
with optional buffering is provided. A late write function is also supported.
These are described in more detail in the following.

2. Puised Word Line Structure.

[0073] A pulsed word line structure is provided which is limited by the

maximum page mode cycle time. To implement a refresh hiding scheme, the
word line is used in a pulsed mode (pulsed or automatically shut down after
some short period of time) during any operation, read and write. it will be
appreciated that keeping a word line open for the entire active operation (level
sensitive word line), prevents cells from being refreshed at a different word

-11-
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t he maxi num page node cycle tinme. An address duration

C unction wth optional buffering is proyided )
WOA%@?@%NH te function is also supported. 25 Tﬁ?gg‘éjsgqo‘gmzsw
described in nore detail in the following. 2. Pulsed

W.‘)r(ii Line Structure. [00731 A pulsed word |ine
strifBfure is provided which is limted by the maximum

08P . Chretfe i es' Bt A BRAHERO i 66 3 fbroViling refresh

( pulhiding osinee! thenord dihk o Dttiér sENTEA b bchie ARIERAEEN refresh
period of tinme) during any operation, read and wite.

|t @Peratigns possikle; dd@wevdrain amr@gnlalamm g page nmiedcycle time,
f . ' ' i.tiv

o 40 RoRRh&SHEBI] N1 08 5HBhEA s o 07 BonBaotiee e o

di f 5horst thepr IRC &ﬁd%&%@’d@%ﬁﬁné’%&%@g%ﬁ? Instead, an

line. [0074] Therefore, the use of” a pul
canifiedal pulsedsigeinegatest wiich is shdi down sifter ¢he heaximoth page mode

rer SbR Rl fiic W8 BB ESebfin arardiien fissinigrum (RC can be
| npresEpteliminagR]. "By /Ay S é(ém@’g?rﬁinmﬁa}%@ntgteg% be utilized to

shoul d not be opened at a new ress since t
nuchmplemant dhistaspect.RC and thus, the cell storing tine

R L NI QL SRR N -
nodBy cobfthénd bfth rddpdndeloAY shB@e(?lg%rg: afcgﬂfgﬁ.m%ﬁne%n address

guarantee the m ninumtRC can be
By 0@y adengdungtian timei, thewoad licegandre shut ditafier 1AMRE (page

f/vgvé'\%g ?n@k‘i{g@& Q@"'&i aﬁsﬁ%ﬁ@% HF?’%% Hiz‘:étc%\ﬁﬁésl o u(s)&;rs %ggltemated
by withperidds'in whicie&RO8a8 é4h bb %céé%@cﬂwﬁé‘byﬂg%% the RAS

V\heg én address has a long duration tine,
l'i neY

§r{thee). WMieh bes twror periadsvRY hemaare addt&ﬁ@ddmstimyisl shorter
i t fresh i -
ol en EMREDHIE B 15 Sho b SPRe i R
[0036} e s edBY folbowing|thisaddig cohieeiRARfrearChiging a3 pag\iﬂ hidde cycie
rver

has, t wo er'bods. Wien an address duration i's sho
t hafMG\FEN De RuiPREFadIWhile hiernesessityiof timingirestrictions:for

ad ; i S sign.concept, .
; e?c?éé@ﬁ:ll”{lggﬁ gba%%ét@%@@aggﬂ&l gﬂ%FlpgﬁwB/ngﬁgla@lsms can
?umlmvnetberduérﬁiaﬂ begeayekspath, whetdiAithe us8Tf'dxErhiIOfE, data lines
or ,
and intemal latches are not necessary for supporting page mode cycle times.
3. Address Duration Compare Function.

[0077] An embodiment can be implemented utilizing internal tRC timing,
having a minimum time to facilitate DRAM operation, which is shorter than
external fRC on the specification sheet since the address duration period
specified on the specification sheet includes all other time-consuming
operations such as external address buffering time. So, a portion of address
duration can be compared for controlling internal memory operations.

[0078] FIG. 8 illustrates an example waveform in which part of the address
duration is utilized for controlling the memory operation. The address duration



20 controlling 1T1C SRAM are elim nated. The inventive
mechani sms can support sequential page cycle path,

WO 2085108736 t he use of extra logic, data |ines POTHIS2004/022506
internal |atches are not necessary for supporting page
node cycle tinmes. 3. Address Duration Conpare

Fupenodmf ek@ﬁﬁ]ad@ﬂeﬁé@qglm%a&g@nﬁ edl TR WG B with the front

ilizi t RC tim ng, aving a mmnim

t |

ti P@”'Pﬁr}?%églumgﬁ%efobmd egdressi detectidri.ch is shorter
o0 s CRSHRY 2 nANp Tt Fileh ElsecfralioR O ins mtemnal address is
spedng andtheintetmeetRC S BIHES ARk 15 Bgﬁ@é:%&&%@ ggéﬂi‘&es (e.g.

5 oper.ati ons, such as external address erin
So4s1gg @GrQC‘#diﬁS%fraaalaoeﬂeteatma(mzm suhvenies), trmma.rae.anfméasure

t 30 [[0078] FI
o R Aene8e. Phe 1 RBRks BRERC o St ptemaymiieum tRC
adzyicks imedanedrddine is ehbblédzﬁtﬁ’d g@ﬂﬂﬁgﬁpﬁk\%@% &?era’uon But

rrermr% operation. The address durati
U@zé@ramgwmslzow than3be internaidninfmernt #¥C 8Ycle time, a word

di,vi d th
A8 1 B R R e S 2 wor
10 ddinecnicstartriipd ﬁRmﬂﬁjéiﬁf o agEEHAfH; d @ ﬂg% éMHréQ? Enﬁatlon time

duration of the external address is
i FROhePetiermed. Ssweral pases showlddea eonsMieraddrassl on the

c%wﬁg%%ﬁtrgn#ﬁw an address transition

det ect t he durati on neasure

[0080§onmrend &5 Th¥esasuned ddbrsssurbfioR %& isligngér tﬂéﬁ@]ﬁfé?nal

internal, M nimumtRC cycle tine,

enabl eRIAURIRG and the swsaqiient addeesms anhan@ed aﬂdﬂﬂﬁe internal
t he dur th the internal m ni hrumt
10 cycl eutn?msn%}gltﬁocf%\%é ﬁ'h @r}mﬁcaeﬁ?a efﬁ@egh’gmﬁ(for DRAM

oper at ioperationge provided andithé DRANMEAFETALG réla’(&f Q/ltﬁQhe address
line and DRAM oper ati on according t
addr es&?@ B?Pfea?‘?rb?fﬂ'ﬁqﬂ@'th@érﬁfb’em@bi&m$ med. Several cases

00813 houl d f al | owi ng, addr.ess

[ ? ransi t(ngﬁg@ gFﬁp?q@%%ﬁr%% g '36‘?1?%3“6'&."&?%%
time i mmrmtg'ertRam:t thenewnadidrest mhaHges BientHb \WB?d lme is

20 subseq ddress is changed after the internal
m ni nu#rﬁgéiegcycl e tinme. In this case sufficient ti me

sl EOTRE S 8ty A TERG oy

related with the ad
probl ens.  minimum tRC, a new word line by the new address will be
enabled after the internal minimum tRC. Consequently, the

DRAM operation related with the address can be completed-
25 without any problems.

[0083] (b) When the duration of the new address is shorter than the internal
minimum tRC and a new word line is not enabled, the DRAM
operation associated with the first address can continue.

[0084] (i) When the next address (3rd address) is longer than the internal

30 | minimum tRC and the new word line is enabled after the
internal minimum tRC, there is sufficient time to complete

-13-
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[0081] (2) The measured address duration tinme is

wo R08Rss78dan i nternal  m ni mum t RC but the new - .
cﬂjgnges after the word line is 20 enabled. [0 ﬁ?@“f‘ms“
When the duration of the new address is |onger than

internal nmni nrum new wotrd |ine, th e
address will be e&‘ggrp@“ﬁﬂp@f’af{%aﬁﬂ% QIW'% ﬁ\e\#ﬂm address.
. Congie angib Qﬁé@g ' 5 ' i

loo?ﬁf add?@ S ca‘r? tﬁg ntceg@ngfjete @g&\%ﬁphﬁﬁ lf\%@'ﬁ%&ﬁ?éﬁ%‘? internal

[0083] (b) When thmimionahifBC afd hbenevewoed tine $senabled, the

shorter than the internal mnimumtRC and a new rd

line i s not enabl edRAMOPSEAtipn éﬁ%qcé@ﬁeé"rwgég@cﬁrﬂ \égdress can

with the first addé cean continue. (0084] (i) Wen

r

the next address ( address) is longer than the

[0086] er nal (33O henithel mdd3Urad eddhessnduration dime isesharter than the
enabled after the internal mnimumtRC, there is
suf fi ci dRternah@iniguEy ARCethen na newvorshline isegnsbled and no

PCT/ USZO%%%@-@RQ@DG{@@%AM operation associated with

the firs ress. (ii) When the next address

[0082] d addaessriirigstostheritegntidrathet feed tt @istritt tinfing forgontrolling
t RC and no new word line is enabled, the DRAM
ope

TG SRAMargesses canthe eliinated: Inaae esbagiment this aspect of
ggﬁhk rillf\?eqt[o%oé;ﬂ bk %al%%é?ﬂt))h Qﬁoﬁ@%ﬁbﬁ%e@%r%een rtri]1e first part

font1ne 1s Shor m ni mu

PC, aridthe secdrelparbfithe ertenaleatirbestagdarante@pdinging enargin. In
is perfornmed. [0087] According to the 1nvention

e, dBeiPAAmel HING R SR NAY i o8 PRSSIRBIRRd of two

ORI SpEARDRIBT Y 2fond BRI EETY) acklbrotosh) ana

I no@3) potive (refreshhuf f er between the first part and the

second part of the external address to guarantee a

ti rf'}-_ng_ n@@-mmmﬂ'—i@n “the external address can
oBEL ! 150 84 440 995 ok 2094 kit kg gparston, e

actwom lineeshauit beaopen abthesproper itime, (anelf vatidhdata can be written

during word line open.

[0089] FIG. 9 illustrates a timing diagram associated with an embodiment of
the invention for controlling DRAM write operations. It should be noted that in
conventional designs, the data write starts in the following cycle. So, if the
write cycle is followed by the read cycle, two addresses should be kept and
two operations should be performed in the following cycle. The two
addresses kept comprise one old address to write data into the cell, and the
new address to read out the data. These operations complicate chip
operation and constitute a bottleneck which thwarts efforts to reduce cycle
time.

[0090] To overcome these problems the present invention commences the
write operation following the write control signél (e.g. WEB in FIG. 9) being
disabled, wherein the complicated situation outlined above can be eliminated.

[0091] FIG. 10 shows a possible page mode cycle time with possibie refresh
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4. Late Witing Mechanism [0088] To use the pul sed
word |ine schene to performa wite operation, the

WO 2083/808736ne shoul d be open at the proper tinme,PGRHS2004/024506

data can be witten during word line open. 20 [0089]
FIG 9 illustrates a timng diagram associated wth an
ergerididseydsedion thie newwssigrocoricept ¢ etimindte itige RB&Y for
vvrlte operations. It shquld be noted that in

icatathmegaary fontrol iming:@rd GireWiS.starts in the

fcﬁ | O i€ hbodiflont dr 4188 Wbt SR Ve

[0092}/\/0 opetlGt idrikustrates By weaypsirdxannsld dmbddienent |ahCSRAM

cycle. The two 25_addresses kept c1r_1|p1r| se one ol

ad@mnatible,dypamic BAM, 10 ngpartieliaea |1 T 16,dynaeic %M configured
T
S RS S e RS OP Y SE pames the

m«:mmgwm edirﬁ wmmuM@&M@ and Midaeesd BDﬁé}] (M$B) 14

over cone these robl ens the present invention

cpeeiMe addrens 'ngt!’mﬂtioﬂé”f@ Hajand ‘F@Fm%‘gaf?ﬁ@cwe‘i‘ &

\‘;\h%lﬁma | SR {qs ﬂTpvlggnéfét&l Bfocks ‘Jk? S fﬁd%bér‘édconflgured
ereln the co ica situation o I|ne ove can

bdorgemeratihg dudd[‘éwttz]mﬁlicﬁ dét@cﬁhMVSAacMES Gehbmtpabbck 22is
node Cé|e time with possible refresh

2 6oafigersador pene@ipgronpands. Pﬁ'eé\q@dao‘éiagfé@r@ﬁd%aa internal
n%‘Hd? RriibeR, OA%ecﬁHElag@ctH?medé(}gﬁﬂ rfe%rtpe mtgrnal
conplica nmenory contro mn Cl rc . .
Oaddueﬁselérvmdh e tms @fntﬁﬁkﬁbnbmpnbésaﬂdﬁ DeRdldler block 26 for

[0092],. FI.G 11 illustrates by of exanpl| e
eﬁ‘ﬁﬁe ingrptesnaldrmAedressesEns! %%mtzewp@ck.% for

T M f d f
p%ﬁbgiﬁb% e?n&l é(ﬁ"]mqu M T h e?ro\f agloggl g%: neworlTlc SRAM

[0093:]orrpr [ sPeBladke:ocfmg btmkrﬁ@ grovides. mémogyl tloek sekedtibarcoding. A

[ ey T ey
O‘é‘?ﬁﬁl’ﬁ@aﬁbﬁ BAl d%@ay &TRP@GNI? 7 ‘b’na@@ﬁbﬁﬁ @MS@’BQld'e)s a'fit line

20 are configured eneratin
t sensé amplifi eeeeableo " Dmmm:mmﬁblaclo 36b$ corfigreddo prowde

e yicat St fo difEntoe BARESY Sol storiorbi ALEIRE dicutt block
degqy @bnfigéredrdr pEoVAdiRG 3efididlf dethPid'@harantee maximum page
mode cycle time. An End of restore block 40 establishing the timing for

terminating cell restore.

[0094] A Page Mode Stand-by block 42 is configured to operate in response to

receipt of read or write commands. A Page Mode On block 44 is configured
to enable page mode. A Refresh control block 46 is configured for controlling
DRAM cell refreshing. An Active and Refresh Arbitrator block 48 is configured
for arbitrating between reads and writes and refreshes. An Address Duration
Comparator block 50 is configured for comparing external address durations
with internal read cycle time (fRC) or internal write cycle time (t{WC). A CSL
Generator (Column Select Line) block 52 is configured for generating column

15-
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addresses which in this enbodi nent conprises a Row

woRe9eR3! ock 26 for decoding internal row agdrRRS§SH/022506
and a Col um Decoder bl ock 28 for 15 decoding i nternal

col utm addresses. (0093] A Block coding block 30

bl I j L R&Y, . ' is
Conelast TBpsalengss Ble e W CaneBRSL Mo HRIGRRS4 s
i g nRgHeR fo?géhbfétl?@t ﬂh@ﬂm@rmdnrctelvmcﬁ icbAttbls. thérm&hery cell
enab e block 34 provides a bit line sense anpli

endtansister gateayA Nath i Burfenblask 36 is configuredto @@ennally latch the

bl oty thate Rroier Bpos S Bnhalel B0 RN TR et wae

f Orog%Pé’tYddg H'yE'BRﬁM c@ﬂ'@fa;t B0 94! EHeABb REO MR infiéifibry

cyc e time. An End of restore block 40
estcahﬁgs:hadngnth e arrauy ofDRAM (DynamiaRangooeAtcesssiemary) cells,

0094] A P?%&%/g St and- by bl ock 42 is configured to
opéP& as § FRILATBY: 25 receipt of read or wite

co%ndsRea% Bagsmihde On block 44 is configured to

Refresh control block 46 is
[0098)nf i gur[mm#g)exemlttamd)ﬂ a repd Sbviwhared,lthe eeadashmngandﬁand/or

Active and Refresh Arhitrator block 48 is.confi
ford g,rﬁslqsaqr,e@elagtrmﬁeq il thg,ﬂﬁ:crgpﬁ portions prel%ragly processed

f
re |gEre St 8eh RY Ad si i rfelé@é ura?%mé@eéé?c

con or conparing externa ions 30
WI tskgmﬂﬂ:athe (le38), a;rcdtbert dinisign. REwilb bei appseciatedvihiat enly the

[ B wilbedngs %vgeeﬁs s et RefTag el arfad command.

'-154aq9 AP ARAT At wémwagéfa@s LRSS to ST 2 read

Sl gna ner at or Li ne
‘i s opevatiorgor adefresh opeeatian. nip tesponse to Raﬁesh\mntml block 46

control s, the r%mk% cel] transistor gate. A Data In -
Buf'BaHeHingR reEesR OpERi%ured to internally latch the

[00 G‘# a. A Witechkd YenWepthip S insstaABibyanbae, Féi’fesh operations are
driving the data for wite 5 operations. Finally a

DRmarEmTﬂedArray 60 is the core of the nenory

G119 29 ¥ -85 351 P U BUARIR o Apgration et

5. unReRsdeRnektioh98hlsnBur i ng execut i on of a r ead

command, the read command and/or 10 addresses are
[0098] ng recei ve@Gase Bh If hotharradeard pefreshorenuestate iagapflict, the

PT oc?resﬁ is performed for the address duration comparing time.
[0099] The ATD Generator blocks 18, 20 detect address transitions, while the
CMD Generator block 22 generates commands. The Add. Duration

Comparator block 50 measures address duration:

[00100] Case 1 - if the address is a valid duration: then processing
continues.
[00101] Case 2 - if the address is an Invalid length then the external

address is ignored (no operation is performed).
[00102] The Addi block 24 generates a valid address internally. Page Mode
Stand-by block 42 is enabled after a valid internal address has been set. If
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in separate portions, such as a nost significant byte
and | east significant byte (LSB), or other

WO’&PW 7¥n. 1t will be appreciated that only tMEI/USZBA022506

wi || dhange when Page Mbde is being perfornmed after a
read command. Active and refresh Arbitrator bl ock 48.

déive dedressdvBBrcHamges (hon-pagermeade)lin thpavext lcycleo(Nommal Mode
refresh operation. In regl?xgse to Refresh contr

nosle)ather eage Ydeind BRkaonliiAsapEgodf onydbe LSB
cha §§‘ “gﬁm dé)& fms‘;(ﬁgg %é'%er)rﬁ{eﬁelsggé’ 5)?6(?& DA Siock 44 is

opaebtedo MThen RomeDeeadierdnecIaEB Qiecodes ;vahdt Ghtemal Iaddr&ses for
read operation is_finished. [0098g Case 3 - |If
r SavVle) salestion e tedimaRecader biraki 28 decoges Salidintemal

« SHBEecaes ToP COMT) YelcRns e Bck Sotind Block 39 sefgets a
desid merddrestay blaok! mh@rLSensm lcentrbEblothVB2(gurriratesrBLSA (Bit
bl ock 22 gener ates conmands. e Add. Duration 25

chinmSanse Apritiersmntichsignals aa@ pther rglated s&malq obhedyL
o 8dhetatos bloci54 BAHIES tho ckq YtelaR i bBbiHMat Rflng..

[001031 an mm%//ﬂerbﬂaibibdl&%géheraeéé ﬂTwBLSAa@IﬁlﬂSSIQrmI after

gnored (no operation is perfaorned). éOOlOZ he
i

ABCHL R oRd opeiasriaPesoseg) .W%@elayg@ reudiblaek y6 generates

AR e 21 38R Oldieheddy b8) MG T BT B8 EoR)

Pﬂﬁdﬂ%@éﬁ@r&i’@ﬁle rebtore dtidesignaiivhich aligies t‘nmwpﬂﬂ Bne

node) in the next cycle (Nom nal Myde Cycle)

pageeraiad byitha dVk Ganesater bocls 94 apd signskd fredh Sersi gpntrol

Bk WHRRARE Bedd pb PR h FKEISE, AT IR HE Efters =

Detardiebyhhad:é( 26 decodes valid internal addresses for

t T Col b k. 28
(00108 Sonel e adarsss S4B, FhongRr BuBedend ovels: thanpiete 2 Normal

SRAGH C9Be, % oc?ggﬁﬁ%mﬁl 3516 BBcR QQQ?Q)?;T(@O?IE(Y?M the case

Menory arra e Sensi ng ntrol
geﬁ arvalid coBirsand Eie chipi operstion eetams o precessiogtafdhe read

| h i |s., The W,
c pn%éc’nc? nfj thoet coen'%m%%d% ?r?va?n'd%g cls'up ren?ams in stand-by mode.

[00105] if only the LSB changes in the next cycle (Page Mode Cycle), then the

Page Mode On block 44 is enabled. If the Page Mode On block 44 is
controlling Decoder and Block coding then the steps in the paragraph above
describing “Row Decoder block 26 decodes valid internal addresses for
Row(WL) selection and Column Decoder block 28 decodes valid internal
addresses for Column(CSL) selection” are repeated. Delay B Circuit block 38
generates guaranteed delay timing for maximum tPMRC (Page Mode Cycle
Time). If address MSB changes prior to maximum tPMRC, then Page Mode
Stand-by block 42 and Page Mode on 44 block will be disabled and the read
operation will be performed with external address (MSB) changed information.
if the address MSB does not change until tPMRC, then Delay B Circuit block
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Cenerator block 54 enables the word line at the

woppsomsate timng. 10 [00103] The S/ A enabl e ga96deosie22506
generates the BLSA enable signal, after which a read
operation is performed. The Delay A Circuit block 36

02N Bhiitcls I B of eBorb bIBKIONA AR 38 1BAE UoRARGI Pl be

resto estore ck 40 generates

t hepdrisrircewith el g Batiroui IslocklB8abl es the word Iine
generated by the Generator bl ock 54 and signals
f r A2 Sendiritg) Gammend. 15 bl ock 32 when the read

100388, e P s bbb adogses are
t hep iRy receive @ with eiehadress pirtiond preéfbribiprocessetidm separate
t he Page Mbde Stand-by block 42 is disabled. In t

h
casportiohs ssuchl asiadoastsianifisanthite (M@&)aﬁﬁdﬂ?&séﬁi@ﬂi@aﬂb byte

[ f the . 2 ' i S
. Befendhisbfia g e SRRl thatori9 B TSH Wil,change
onl \féh%ﬁ Pdﬁ%EMBBéWQ 8&ingpéMemie bt/ 4 réad Bagtmahde Active and
Cycle), then the Page Mbde On block 44 is enabled. If

t herefrmgh Abiteatanbloick@8 decides whetherdpinetrfprova yyile opemation or a

Bl di h th t in th

o e et el e P BEch s O BB PAlbchBBS Retr
i Nt &5 AR ERSKK £ SeSudsting?P rétendnperagibact i on and Col umm
Decoder bl ock 28 decodés valid internal addresses for

[00807UNM( CSL) sEkeett oWhenr ehipdp émstend-nemoger refresh pperations are
bl ock .38 enerates guaranteed delay timng for
WXPW%%RC (Page Mbde Cycle Tine). If address MSB

ges pri or chgeMXDiMAY VRS opdratiofane réfpdsh operation waits
[oogpgﬂd-by bl ock 4(?? and nge Mode %n 44 bl ock wi | pbe

di santildbe avrile operatieniisInisped.ati on wi | | be perfornmed

' ext er nal .addr.es . Lnf [ . :
[0 qug addr ess |\/§§38 oi's ﬁ{r%%w@{g% 3‘ @ﬁﬁgﬂ'ﬁ%ﬂ{g{\’%t E?-Eérr‘} cbhflict refresh
Del ayndbidenicdidr the adldresslduréfioR Gpimii3me.
PCT/ US2004/ C22506 38 controls_the End of restore

[0041163 k 4PTaad4TlE@¢@atclzf5§@%kﬁ % 2 fetest adgesssdfansitions, while the
[ 00 P00 BndTRriideK 22 Rikratly copfmails.  ShEAU ration

and(Qymprieicrinesk Aleasubedatdesseiveatiord, with the

address portions preferably processed in separate .
[0 t]i ons, sucKase h-ifdhe asiydgws iBcnvall 9%"@"'9%'5&)3%9@09551"9

I ea%nt?riu?ensi ficant byte

[00112] Case 2 - if the address is an invalid length then the external
address is ignored (no operation is performed).

[00113] When the write command is completed Addi block 24 generates a valid-
address internally and Write Driver block 58 drives the write (data in) data.
Page Mode Stand-by block 42 is enabled after a valid internal address has
been set. Ifthe address MSB changes in the next cycle (Normal Mode Cycle),
then Page Mode Stand-by block 42 will be disabled. If only the LSB changes
in the next cycle (Page Mode Cycle), then Page Mode On block 44 is enabled.
The Row Decoder block 26 decodes valid internal addresses for Row(WL.)
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(LSB), or other division. It will be appreciated that
only the LSB will change when Page Mbdde is being

WO 28e¥008736ed after a read conmmand. Active and PCIUS2604/022506

Arbitrator block 48 deci des whether to performa wite
operation or a 10 refresh operation. A number of cases

C38ledfiors arldtHecCBRMFE DbBo s blesk 28todek vali@ titeral addresses
requesting a refresh operation: [00107] Case 1 - Wen

cfargCalemnGCSLselestionndbe Bleck sedinggreck 30 sslestea valid

'to ﬁgf'ﬁ@f%@ OERa e Sasind conkollofs 3 deRgPER BLSK (@it Line
i gh 2l L rf Eontrd1athndlPaAE %lhé?ﬂ%%téd sidrfald 0T Re WL Generator

request are in conflict refresh is
pblok:hrﬁdeehardes theewadﬂhmattﬂwapmmpnatmﬁuamgwg tinme.

oo OO0 T SRR e, 46, cPON ) A K

98B§|’aﬁbﬁﬁs B BeASrmddie ThE Dy A Cﬁ@u:?ﬁlo@k%@ié?étes a delay

bl ock neasures address duration: _%
t hmeetddwrems!ela;gaamlteeﬂ ckll westare:; hfeEndrqp‘M@Iiog(EOR) block 40

" BORPRES thet fevtaraeend figndhwabh bl e §drd Tod Bepergted by
(e ARCGRhbPitOF EIOERr5f40&§ﬁ89§gnal%5frcﬁr9(§éf?§/n§/\5§ﬁtrémwlf 82 hen

command is conpleted Addi block 24 generates a valid
athiy wate omnaraoalls finished WAfteeward ther chip etkers@ standdyy mode.

100148° ¢ o e wfrdns WSEE Fhdtiaest Brifa MextavaddepitsehyBi  Rbrmal

S%de‘ |8t G Hisapde Int
Aot iRy v

wof a Vahd dosubard the thiproperatien redgmsHarthe stat of pracessing of the

sS4 D B TP 898 R A o

[0011 ter nﬁlorﬂjd tHeeESBscHapige RN hext- Mlé/@ﬁwﬂbﬂ@@y&ﬁe) then the

/ US2004/ 022506 = sel ection, and t
bFaGR Medelcybesk ddi b @nabledh i Pagadiiede L DGR 4418 Gontroling

Sgeggpélc% aq?&%&%d:ﬁ@ the-H;frfwre;%tggg &HE Eﬂ%raﬁé%%aﬁ@ve describing

ST S8 s Lo 2 o

TMalidinternab addegsses for Row(WL) selection and 3olumn bgggder block 28
decodes valid internal addresses for Column(CSL) selection ” are repeated.
Delay B Circuit block 38 generates guaranteed delay timing for maximum
tPMRC (Page Mode Cycle Time). If address MSB changes prior to maximum
tPMRC, then Page Mode Stand-by block 42 and Page Mode on 44 block will
be disabled and the write operation will be performed with external address
(MSB) changed information. If the address MSB does not change until.
tPMRC, then Delay B Circuit block 38 controls the End of restore block 40 and
the write operation will be performed with Delay B circuit block 38.

5.3. Pulsed Word Line Operation.

[00117] FIG. 12 depicts blocks relating to the pulsed word line operation of the

present invention. New function blocks according to the invention are shown
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5 bl ock 54 enables the word line at the appropriate

WO 3005098536 [ 00114] The S/ A enabl e bl ock 34 genermtT@ssioige22506
BLSA enable signal. A wite operation is then
performed. The Delay A CGrcuit block 36 generates a

deligiightedrenélQdiMgoRPa Modé@ié}m-ﬁ WhicsK 427
Théwr?d of rI]?estorgg %8032 bl ock 40? generatizgé?%de On block 44,

r @cﬂdo@ela&’rﬁj Célrcgrteblo%ii&h Itashenlid &e ndied woatdunlikee=1G. 11, this

O e SliRE haga single Pseaers@to%gﬁ' lﬁgﬁ@%;‘wapp%w%gm}er block 26

T

t loircuitxof FéGc6 ethis embedemenhdoes hbt mtjumwde Sytel /ﬁ Ldtbleblock or
g&% %%ff Mbde Stand-by block 42 is disabled. In the
Lgtapplpak-command the chip operation returns to

0812 5L Mefing"0 52518 Yot e FRektd EBUERIRTEr i or wre
medmmandsl afd béihgaetiveewithBhe Raltgsss portiohs p”réf@rably processed
cycle (Page Mdde Cycle), then the Page Mde

41 sePRRED PEHIONS; SPaly asmwsbeignifinaat byte éMSBhandueastg

oS fffifiart eI ), B Bl dISIRg, il B8 Pl that only the
COGB willechdrize Vahan Pegrda bdal.@@bm'qs &?@@ﬁ@&aﬁ@ré%hé or write

i nternal addresses for Row(W.) selection and Colum
Dé@ﬁl!@@n@)l ock 28 decodes valid internal addresses for

01§, SR AGAHGE 8 e s RIL SlarenB Tl R o548 Hoce
t Bia-bhatsckieles ediabied HifeR)a vaild meshhapadMeBs Haasiasn 1 set. If

prior to maxi rum tPMRC, then Page Mbde Stand-by blo
4ihexaddresgdiWBahangesdn she niextwbydle #¥otpakiMode (éyrlah then Page

o St RRED R B e AR ol Sy He ESBnBlgEs e next

depsiePagehaoge Qyrid)| thenl M Opethiaitk B4 Gs eabled.
bl.ock 38 controls the End restore block 40 and the

[001200; ¢ dperBecederhlock BE q@@pﬂss ivetid intemabeddyessas. rthe Block

O g3t s 5 iy PRSI AAEr o S Q98 S
I bitﬁ:kcﬂﬂfg@rﬁe@ItESDBLBheﬂqBIDLlﬁéﬁﬁnS@Aﬁr;ﬂlféf) caNe| fsgjn\‘aqé 8Ad other
bl ocks accordiing to the invention are shown

20¢)8tegbsignals pdeudio Generatoo blaskdi enabled the marddinedat the
Zgggéﬁ}%e gh-@? 'cBiyt blbloglékdf%& P??eslwgSFdOGeblngfgddrtAfhat
[001219] | ke TheG/Aldnakilbibiock 34 generates the BLSA enable signal. A read or
write operation is then performed. The Delay A Circuit biock 36 generates a
delay time to provide a guaranteed cell restore. The End of restore (EOR)
block 40 generates the restore end signal which disables the word line
generated by the WL Generator block 54 and signais from Sensing controi
block 32 when the read or write operation is finished. After this the chip
enters a stand-by mode.
[00122] If the address MSB changes in the next cycle, therefore a Normal
Mode Cycle, then the Page Mode Stand-by block 42 is disabled. In the case
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enbodi nent has a single Decoder block 26 instead of
Row Decoder block 26 and Col unmm Decoder bl ock 28. It
WO 2005¥8%%e noted that unlike the prior art 5 RET/E2DA4/032506
FIG 6, ‘this enbodi mrent does not require the Data In
Latch bl ock or the Add. Latch bl ock. [00118]
Aot ardilidgcanamahd the chipdoperation retarmeetorihe sanmmssmg of the

read or wite s are bei rece wth t

L d67% 85 Witp CPTHRATIY of Gres 69 RN, S4BT e Cip serelos In stand:-
Qé/trhgqg. such as a nost significant byte (MSB) and

east S

ignificant byte (LSB), or other division. It
[00123] | bdf etpiprtm:LSBemharlms lmtihqnehtecycIfSEPagé Modes@ygie), then the

wials DBgmid Block diie Gabia. \5age Mcds, Ds pIgShad i caunjed for
Y?L’Qﬁgﬁiﬂgdﬁé@ds?‘b?%d 4nd B nwﬁ%ﬁé’??ﬁb”‘ esfbtisdto o

smagelrhodé ontsignal dioks deﬁod}&gh}m aelvgeﬁ pagetdthirewas degstrbed by
t t
M\é pb@qﬂ'%egy@@m&h daﬁi)'@%& ggﬁ%?%@?égg idﬁcPﬁ%S M%'Jéf intenal
Aol P R ot 58 PR Sl i o
i mmaalumgllm mmsm;e IWIbdeBIyntd_erlme)jl Inﬁgdtiresm:/ISB stétaongassprior to
a C e nsi n ntr
DNy GeMBG taeh Hega Medte Slendbubiatk 8.8 Haga Mode on 44
Gg)méﬁlllsﬁ%@%@eg?ﬁooﬁwg%ad \ithe b 8% éﬁ?ﬁ'{ ®|II J{Eer\f&rmed with
ner at or ena

I'es e WOor I ne at
aepterpal address (MSE) chéﬁgéd]nﬁhaaﬁﬁm Hribhé lad dhe sscld SB4does not

QEB%S% g‘%f' Qﬂ(’ﬁbﬁ engﬁlaﬂfeél e %qkaﬁf %rplgm;l? qudogfklestore
II Qﬁﬁﬁhé‘ﬁa;tpgﬁ\gh@’oéér%ﬁoﬁ les’ E%%e‘i‘@lrﬁ‘\e@%ﬁﬁ%%ﬂA circuit

‘restore of restore k 40
g@imke@@prmng euffisiant clethystimedor alguaranteedisel sestaee.

[ ener ted b he W ner at or bl ock 54 and
Si g ﬁﬁ%%-@&éﬂ%—@éﬁ@%&ﬁé@ 32 when the read
[00124] W | RGO I@Sro@p'icﬁg blo‘é:ké 'r@l'afﬁhg% réfrdsH opéﬁafﬁohhﬁtﬁ@ bResent

enters a stand-by node. 0122] If the address NSB
c irvegdioni rAn add r@@ﬁtduc@tmrecomparaéolbbl@cta 5Qds shpwnyhieh was

PO WY phetfor RYBONSH Bt BY rhdf gt tns embodiment has o

PGHJUS et 2806 block 12 instead of the split MSB, LSB Address Buffers
12, 14 of FIG. 11. Similarly, this embodiment utilizes a single ATD Generator
18 instead of the MSB and LSB ATD Generators 18, 20 of FIG. 11. In
addition this embodiment has a single Decoder block 26 instead of Row

Decoder block 26 and Column Decoder block 28 as exemplified in FIG. 11.
For the sake of clarity a number of other blocks are left off of this embodiment.

[00125] During a read or write command the addresses for read or write
commands are being received. Active and refresh Arbitrator block 48 decides
whether to perform an access (read or'write) operation or a refresh operation,
in response to Refresh control block 46 requesting a refresh operation. The

following cases should be considered.

-21-



10

16

20

25

30

of a valid command the chip operation returns to the

9152” of processing of the read or wite command. If
WO 20040883 hand is invalid the chip remains in sP&EAIS204/622506

node. [0012%] If only the LSB changes in the next

| e (Page de cle), then the 5 Page Mbde On
[Ooﬁ&k 44 is 28 8{1 Whgp ehim iscinatand-dykmode| esfrashpmpatations are
f or, rpogg,[erdol Il ing Decoder block 26 and Bl ock codi ng
c?‘%( [n response to a page node on signal the

C .
[00t2TJodes thi s Qe 2R MalR) K96 DPRSSIERE |
precegl ng par agr aph descri bi ng%Deccleer bl égl?%h%oeréﬁﬁn waits

de &b s, rgadorn wiiteroraration i finisbed.  Del ay B Grcuit

00 i 1 ARG e TNRD g 98 "It FielUibsh Al ot a
chasigesh (s perforited fomthauty FddRGuratiBBoR lrw)m [ be

étsﬁnd_b bl ock 42 and Page Mode on 44 Dbl oc
[00 abl ed hemiTPHeenematordiooks 18 detestaddressrahsitiens, while the

P e b Behdatdhoifik 52 HaneBHSR EatmEEaR 1T N dstgRumAgon
t PIgGiparatsr HReIeB0 Pnéadiurus fad@ké%d%%ueﬂmfﬁé %ub%acfea'ses based

of restore 15 bl ock 40 and read or wite

wi PP 3sidress duration shiould Delc@gnswdeced.cw t bl ock 36

viding su tine for rant.eed cell
[001r 0Ztore fddR%df &gﬁl aéf?st?rfs@o\‘ﬂﬁf Qg@g Patheghprocessing
[oeaﬁmUég_G 13 depicts blocks relating to refresh
ration of the present invention. An address
[°°1§Jiat i on con&ﬁsétgr if fhe addamssiis aphiowalidviength teen 8@ external

E ha8thesR S R T bk IR ib Brtorneliar ecs Buf fer
[001BRpck 1wnérstrmeéa@lfort\b@te5damﬁwaw§3s cbﬁ?l@f&f FESA QUGS 24

12, 14 of FI G 11. Slmlarlﬁ/ t hi s enbodi nent utlllzes
a 9PRRyRles valig RedERssy interpa YasTbgdie@Ddehé’?mﬂ)maﬂelc%ck 26

AT t hi
AR B Coddbr oiebICha deRodbhi v BuRthol &fukdsds. The Block
Row«ﬂﬁg[bmmm isa%éln@ﬁ%ﬁ@N@ﬁa feger bl ock 28 as
ex |I£ g:n FIG 11. For the sake of clarity a
te are left off of th|s
d d
W“”Et"ahg’?'&s%s Fea ot diorh W ierting e BER i operation

r em:fetheqﬂesémtlnvmtwrd It eﬁw@rbé\hbtédﬂria@'thé)lq%‘fes"&atch)block and

de e her to performan access (read or wit
2 ’?704@1‘6@ ioGkA9Riceddp dhe cpaventiaal imemerpofEKS.téare not

T A ey T Sl

oper ation
should be noted that this embodiment has a single Address Buffer block 12

instead of the split MSB, LSB Address Buffers 12, 14 of FIG. 11. Similarly, it
requires only a single ATD Generator 18 instead of the MSB and LSB ATD
Generators 18, 20 of FIG. 11. For the sake of functional clarity a numbér of
refresh related circuits are left off of this embodiment.

[00134] During a write command addresses are being received. When the
write command is completed the Addi block 24 generates a valid address
internally and Whrite Driver block 58 drives the write (data in) data. The Row
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-21 WD 2005/ 008736 PCT/ US2004/ 022506 [00126]' Case 1 -
When chip is in stand-by node, refresh operations are
WO 2085/40873¢ed. [00127] Case 2 - During a wite OPESFES2004022506
the refresh operation waits wuntil the read or wite
operation is finished. 5 [001281 Case 3 - If both read

oDesovdbeblhct 26edemsiesaatidiinternalfdddresses for Sovwa¥HiL ) selection

performed f th dd d t
P33 Criumn escsnblonkorS BPaeRes YO IBRUEA adfsses for

generabgs c)o?rér’lr@lgd& ?ﬁe 5@@’% t?élglfr%oa%%’f a&gshown in this

bfigate) Zenerates BisS A Wit EFe Sonsé lAtmpllf"éh)eccfrmidl gignads and other
cases based 10 on address duration shoul d

cepletedesBbals; GIEY]. Gaseratot biock (s BRRIPS S vercina of the
d#bﬁ{]deoqgég%'hﬂﬁﬂg processing continues. [00131] Case 2 -

ress?is an invalid length then the external

[001 3530” es T hiesS/Auenisid blavk 3paiatishown in thiy igurepdenerales the BLSA
0132] When the read or wite command is conpl eted
t Reablgdsignale ok Wrile ogeratipatis shen parfoemadd . @@sdelay circuit

bR T 55050 e B Reg, P o

agskteASEEORY bibdRl 4iciiot eAdwndn bthCﬂgu3@) g@ie'fates tae\tehiode end
mermrg array block. 5.5. Late Wite Operati

[ olgng whmr@lsqweaébe wogd z!inQIQ%l@"%I‘ingtWaWﬁf WI- @eaeﬁqtqar tigck 54

AT T T 8RB doffroBlock 82 Pt SRBhrl MIAG ) bhon the

| writgbpBratiopcik fiighied! eAftarthishecshiy enters madtane by modé.
FIG 6 _are not included in the Iate wite schene of
t RD.pr Ease:Mode Syde himing Wittb Refresh. it shoul d be

t ed _ :
o= N ol R PR
Bof f-‘lﬁs1(1mulsﬂrétA|EIJ_% pBg&mdde c&ilgltlrwngyand tefresbqui r es
018 A7 6VREn Eetesp it no LYo B WEEN (B AdiFes T fpa LsB
f upfid 28dkess!ciahby. THRUNBRT it is &redHIes Bnﬂ%‘f@r%@n}e delay an end

circuits are left off of this enbodi nent

Dof resjore sighakis gemerated dydted o Restareiiociyd0 ceaspease to
V\%Ppl}tt}l%m Delay A Circuit block 36. The word line is disabled automatically

by the end of restore signal. A refresh action can be performed in the
remaining time. The page mode stand-by signal can be generated in
response to the word line enable signal from WL Generator block 54.

[00138] When in a page cycle within Cycle 2 (only the address LSB changes)
Page Mode On block 44 can be activated in response to LSB address
information and the output of the Page Mode Stand-by block 42. The output
of the Page Mode On block 44 can enable previous word line and control the
End of Restore block 40 so it-doesn't disable the word line.

[00139] If this is a normal cycle (MSB change) then Page Mode Stand-by block
42 is disabled. if the address is valid then cycle 1 action is followed.

[00140] In Cycle N comprising a normal cycle, having an MSB change the Page



30 wite command is conpleted the Addi bl ock 24

enerates a valid address internally and Wite '
WO’&‘F&JW 38 drives the wite (data in) data. ThEC Woog@nsos

WD 2005/ 008736 PCT/ US2004/ 022506 Decoder bl ock 26

decodes valid internal addresses for. Row(W) sel ectio .
aldder@tagarhynbloCk é8dnd thieoRage Mana Gadaovk Hiare lé@bﬁa The

B B B ervled (hER €irwat e el e thCaatttiorole tis
Bﬂoﬁ gl t Line Sense Anplifier) control signals and
er related signals. The WL Generator bl ock

[00146]1 abl el Chelevid iflthere was nieepricr@ativily therthe ﬁptpg:t from Delay B

{ Clbu plogkas arades fas Bt Rediple Blach 8 nd g ek tine s

O&%EBH on is then perforned. The delay circuit
generat es a delay time to provide a guaranteed cell
[00142pst or i.shbltd Eadppfecigteddbabthe presrnt investion@reyiges a number

shown this f

Sotwchapisals tar i8I BLner0 diare M BRkRETL A, pappatible with
t k

R g Tt rom o o

weah deaptitived i appbcefthmlssmtltbumlne aeedhp adhese daithe numerous

3}3{) g ‘[ ﬂ%@?‘? t art]nqg%ﬁdﬁfi%r@f‘ ﬂ@TE gwghé’ye?fre@ug\ﬂlﬂcomplemy
gm%%c,gsg,ﬁ lackeREShaeqf the tining diagram of FIG

Iustrat ng page node cycle timng and refresh.
[0014(3)0137Altipagk the depcriptian sbavencentainscyeny detaihitbese aould not

dd
" PRonB iR R iing e sepPe oha b ey AR B g Hfrelf bloviding
r fsRaforis 878bm) Sof‘?(ﬁég ééeﬁﬁlﬁre?é‘r?e@énﬁﬁﬁi‘ ﬁkﬁt@bﬁﬂﬁs #¥ention.

inresponse to 20 out fromDelay A Grcuit bloc
36Tharetorapit will beapipseciatashihad thmsm ptthe presppt W@nﬂon fully

Sggpg{l'\?égségr ﬁ}ﬁé‘ eq'p@%pﬁrﬁgwﬁ(ﬁgn%%e ! gggl?)rm us to those skilled

Swgd? B, shd ﬂiﬁt tﬁa%csse @F fifs prednit Ihvemaposmcbmmgig to be
i ne enabl e &gg& fromW. Generator blo

[ tionitegl] byhethingothep ma@pwqw ﬁla@g ip \g;'nf:gr{pgerpﬁge to an

d
430 T B OBl M e
t lRsxpfititipeb statehBufiegiteiVote Gt mork. byAIbbtmktuMl arkhfunctional

out put of the Pa e Mode On bl ock 44 ca
preguivalantade the eleén%méf of $he aboversiescribe pregerred embodiment

that are known to those of ordinary skill in the art are expressly mcorporated
herein by reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method to address each
and every problem sought to be solved by the present invention, for it to be
encompassed by the present claims. Furthermore, no element, component,
or method step in the present disclosure is intended to be dedicated to the
public regardless of whether the element, componenf. or method step is
explicitly recited in the claims. No claim element herein is to be construed
under the provisions of 35 U.S.C. 112, sixth paragraph, unless the element is

expressly recited using the phrase "means for."
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End of Restore block 40 so it-doesn't disable the word

line. [00139] If this is a nornmal cycle (MSB change)

t hen Page Mode Stand-by block 30 42 is disabled. If

the address is valid then cycle 1 action is foll owed.

[00140] In Cycle N conprising a normal cycle, having

an MSB change the Page -23 WD 2005/008736

PCT/ US2004/ 022506 Mbde St and- b&ﬁglock 42 and t he Page

Mode On bl ock 44 are di sabl@dd word line is

di sabled. If the address is valid then the action of

cycle | is followed. [00141] In Cycle N9, if there

was no. pri Armeagtory cirguit having dgnamigoneniorg wele cagfigured to
' %UIt bl ock 38 enabl es. the End of Restore bl ock 40

FRSIAT AN, FAMPHPEEh| ed. [00142] It shoul d be

appre nvention provides a
nbe?h%h%@rg@gﬁﬁgﬁsﬁrﬁ§ﬁrgrﬁ"grfaC| ng to dynam c RAM

makl ngniintefndl lagderssgandasating\cireuit canfiguce v rpeeivingaddress

16 e, A Gah G EhPab B el BT et moca T o

adher g de@otBECIFSUTEP bsceidiRg sald iBtsthal &fdressdd MG controlling
i nherent in 1T1C SRAM thereby reducing conplexity

apgass torraikdynangicameatsy spbsd@nd 00143] Al t hough the
descr) “n%r%of‘g a‘ﬁﬂ& AR MPe”%ﬁl;]tgﬁlﬁ‘)'éaﬁd d&ﬂ?@‘?c HES when

not e cons Fimtin SCO

iriggerdd by shid d@cbd&rc&bult M’n@veldls@gj \l/5rd lineisttpait isotesmirfated in
sonme of the presently preferred enbodi nents of this
[aPPOREE &9 maxrrwanbfsml%tlmec (tRC) whea 'BW%"«&@FO@E'&PF Maimum

V. genconpasses
e e i B R MANEREA Blaad e To  those
skilled in the art, and that the scope of the present
i nvention i accordln to . be . I n1t d not hi.n .
ot her 2t han BT GBS SRS kT CHMSTEl cr R Clnpgic
n?&y%eﬂ%@?ndrl%e@@m?lé“@é%é%tof én& hphBitedT4CY for@ah
“one and only one ess explicitly so stated, but

menh@y bitone or nore." All structural and functi onal
equi valents to the elenments of the above-descri bed
preferred enbodi nent that are known to those of

ordi ngry shimemiody theuitas rédiedanRIfes] Yuthepeaapasiag means
herein by reference and are _intended to, be enconpassed

oy qon@q;wgs@ﬁprr@g, adpegssgdurationsoagainst an jnderpgt duration to detect
NESRS SAkYedsiuratidsy hAg igHorMat dIPEpéatiBH HsE5Siaf Bith said invalid

address duration.

4, A memory circuit as recited in claim 1, further comprising means

for commencing a write operation following disabling of a write control signal.

5. A memory device, comprising:

a plurality of dynamic random access memory (DRAM) cells; and

an interface circuit coupled to said DRAM cells and having circuitry for
performing read, write and refresh operations incorporating circuits configured

for performing one or more of the following,
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and every probl em sought to be solved by the present
invention, for it to be enconpassed by the present
claims. Furthernore, no el enent, conponent, or method
step in the present disclosure is intended to be

dedi cated to the public regardless of whether the

el ement, conponent, or nethod step is 30 explicitly

recited in the clains. No claimelenent hereinis to
be const r uddised e@eratianeofyverd; lesra respansetopage ancnon-
si xth,p t is expressly

reci t%oﬁécgﬁ{n%%?ﬁ‘é {%‘?g‘éé&ﬁﬁ%ﬁh%{@r. " .24 CLAIMB 1. A
nrermry ci radndﬁeshamlratg)rdwmpansorefmngnamig cpearatibng assstiated
slnuﬁ@te st ic nme conprising: 5 an array of

dynan’{"E RE?SP ‘Eél"] pva ‘%/'Wlﬂér nal address generating
circuit co H&Hﬁlﬁg d Witd %&bﬂbrﬁ‘%l%@ﬁﬁ%ﬁ%ab oFQ'WEﬁB‘I‘:ontrol

infornatlo and géenerating internal resse
decodsignal.rcuit for receiving said internal addresses
and controlling access to said dynam c nenory cells;
and 10 neans for generating a word |line output to said

dynangc mepRh¥meREBevite i28GBEIRSH Rycigiah 8, dme%iﬁrsara ih€aHdce
wherein said word [ine output is termnated in

eiesyiion senfigureskionteneaiyiog @ddress, datkaandvaentrolrsigals sagpatible

W& POt SR TR B RARDT as Teci tea 1n craim
1, wherein said dynamic nenory cells conprise a

si ngl e transi stor and capacitor (1. T1 C) for each
nmenor ¥- bi t A memerygiRgiitas recitedtin glaimeyiwhareinsaid dypamic

AR B, B Pl ABACAOA P g
ahehesrly bit. nval i d addr ess durations and ignoring an
operation associated with said invalid address

duration. 4. A menory circuit as recited in claiml,

furthgr CoARhbMoRYdERRESS rééltéd)fn &an%eﬁélﬁ sﬁ'rd inferface
operation followng disabling of a wite control

sirgyitals . configuredrienactivating a:wprd; b withi mysessompautomatically
A A At BREPEREFES DelBER YinfdPAM  cell's; and

9. A memory device as recited in claim 8, wherein said interface
circuit is configured for disabling a word line pulse in page mode after the

maximum page mode cycle time (tPMRC) is reached.

10. A memory device as recited in claim 8, wherein said interface
circuit is configured for disabling a word line in response to a command or in

response to receipt of a subsequent address.
11. A memory device as recited in claim 10, wherein said interface

circuit is configured for disabling a word line at the next address if this occurs

before maximum page mode cycle time (tPMRC) when in page mode.
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an interface circuit coupled to said DRAM cell s and
having circuitry for 30 performng read, wite and
refresh operations incorporating circuits configured
for performng one or nore of the follow ng, -25

pul sed operation of word lines in response to page and
non- paged nodes to provide refresh hiding, address

duration conparison for ignoring operations assocj ated
with hédr eééﬁ%moﬁhd¢W98lai5deF%M|a@ Eve‘SFG_Wi‘ ﬁ@ldalnterface
U1k RBTBYPIL B PG Mg o0l oot o
ddtectng valid dddrdsses and to @lloaadcesses onivhighrthe alddress is

receivyi address, .data and control  signals conpatible
bl et e iar ot BuameRR o afory © 7"
menory circuit as recited in claimb5, wherein said

dynamic nenory cells conprise a single transistor and
capacil8or AIm@mog) dévice @adhciterkinoeiginbil®, whéredn said address

8\9{%% device as recited in clai TFS . Wherein said
WEHPP LOMPRIISOR 5 PEOMRGHDY A PFRYNEEFTA i vating a word
line with pulses or automatically shutting it down
after a desired period of tine. 20 9. A nenory device
as ret#t edAimemioay dedcewp@mpiisingai d i nterface circuit

rooc ARG Shefle i LBl AR e
i s reashadrfadd ciréuileoDplgd de'shrEDRAM e6ild &fd héviﬁgaiir@fuﬁny for

wherein said interface 25 circuit is configured for
pedanmsning gead vurite andheefiashrepgiatians; @da command or in

respo X . . .
remor S0des e difarPlombafiecr BRI BopfiltEaTS: ighorin operations
asgavidtedaviticaddrestes whintndiegeceded @f adiisedid leggth. wor d

line at the next address if this occurs 30 before

maxi mum page node cycle tinme (tPMRC) when in page

node. 1526 AZneMofpaBlite BReERed M EISHH 4B furthe? cBPrRing:

wherein said interface
a late write circuit configured for performing a write operation following

disabling of a write control signal.

16. A memory device as recited in claim 14, further comprising:
a word line generator circuit configured for generating pulses to operate
the word lines in response to page and non-paged modes to provide refresh

hiding.

17. A memory device as recited in claim 16, wherein said word line
generator circuit is activated with pulses or automatically shut down after a

desired period of time.

18. A memory device as recited in claim 17, wherein said word line
generator circuit disables a word line pulse in page mode after the maximum

page mode cycle time (tPMRC) is reached.
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circuit is configured for perform ng said address

duration conparison for detecting valid addresses and

to allow accesses in which the address is avail able

for at least the internal m ninmumtRC duration. 5 13.

A nmenory device as recited in claim12, wherein said

address duration conparison is performed by a counter

circuit. 14. A nenory device onprising:. 10 a

pl ur al 91t y 6fm%WM€V'P%@&dﬁP'Q%C§&n‘ga'ﬁéﬂﬁr‘yh?mﬁyﬁ'd dynamic
£ |

b e A T G U s

meimayibitoper ati ons; and address durati on conpari son

circuitry configured for ignoring operations

associ ated wi th addresses which are received of an

i nval pg. Iengﬁgnuﬁ@déﬁceﬁmﬂﬁﬁﬁgﬁ device as recited in

claim 14, further conprising: a late wite circuit

confi gwnlte'allﬂycm‘ dysefrie rantpra ames%mpmrat(DaAMbtelm ng

di sablin a Wi r, ol 16, , A ne

dev; o Peftaef ebfif fodngh ifsat FBAM, b Ay Ry ety for

WOk hing @e 86 NRFitRt SHid Effedhi OFeCrQnSnsgured for generating

pul ses to operate. the word lines in response to

and nafatgayde GsHi Sontigwies/Paperemmiagia wriltedppgyation fq%lpwmg
RS ¥ ASHIE ool SGhbicdnyn ¢l al m 16, whereln sai ¢

enera reart is activated with pul ses

or aua@cﬂmtss mlrét}orsmrhpdnswn eir¢udtry sonfitpareddor ||gabhngl opkrations
tine. n&y device as recited in claim17,
Wtﬁdé"éﬂrﬂa ?W@'C eg’@ﬁ%'r"ﬁg@rf aBl'P\éﬁ'JIdtleBQ%bl es

a word line pulse in page node after the maxi num page
node cycle tinme (tPMRC) is reached. -27 19. A nenory
devi c21as Aeuemmedy davice anisrred:iﬂed ithelaien ﬁOsﬁjmedy:nmprismg
menory cel.ls conprise a s e ?/gmsmtor

capacf 619 (1Pe A5 ergPr 85%‘” I%'lr " gerger%t@g RUISERHP pperate
Wer fess i%or'éﬂbbﬁsé‘ﬂ) page and non-paged modes to provide refresh hiding.

22. A memory circuit having dynamic memory cells configured to
simulate static memory, comprising:

an array of dynamic memory cells;

an internal address generating circuit configured for receiving address
and command information and generating internal addresses;

a decoder circuit for receiving said internal addresses and controlling
access to said dynamic memory cells; and

a word line control circuit configured to output a word line to said
dynamic memory when triggered by said decoder circuit wherein said word line
is terminated in response to maximum cycle time (tRC) when in non-paged
mode, or maximum page mode cycle time (tPMRC) when in page mode;

an address comparison circuit configured for comparing external address
durations against an internal duration to detect invalid address durations and

ignoring an operation associated with said invalid address duration; and
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a plurality of dynam c random access nenory ( DRAM
cells; an interface circuit coupled to said DRAM cel |l s
and having circuitry for performng read, wite and
refresh operations; a late wite circuit configured
for performing a wite operation following 10
disabling of a wite control signal; and address
durati on conparison circuitry configured for ignoring
oper a@ildtgritingsequit canfigutad é@@pmww iaoMritgraperation

A I . . . e
1oREFGeisabuffol 2B Poh RS Shartd seld ARV B o dRpRGEory
tellse generator circuit configured for generating
pul ses to operate word lines in response to page and
non- paged nodes to provide refresh hiding. 22. A
TENDr Y301 T AhbmRY bifelif¥8 ASEited TR EPith £ iRoreAdig Wy Rdmic
to sinmulate static nmenory, conprising: an array or
ohemzoTy cette compriseld singkertramgistonahd adgaeits (§€ME) &bri earh
circuit .configured for receiving address and command
e on and generating internal addresses; a
decoder circuit for receiving said internal addresses
and controlling access to said dynam c nenory cells;
and 2B4a wlrrdemonededne asirecited in ¢laign 2 wheerain seid word line

. d | [ ] wh :
SohtB Byt Catich e o B dratitd N <SaBFer It e deimapd or in
&eisggnsfe% reddiptsitLeubsbquenpangrst0 maxi num cycle time
(tRC) when in non-paged node, or maxi mum page node

cycle tinme (tPMRC) when in page node; an address
conpakison [ [ ri :
o 224" T ]GRO AL Efd B DA WRBH B b ine
caitesl tcincoi &8 cohfapided $or shingdisabiedaitheirgixo ado@ssIif this occurs
operation associated with said i nv%lrié’%‘ addr ess

fP5g MMy ALPag Medea¥e!abme HME P MREN BRAISTces:
for commencing a wite operation follow ng disabling
of a wite control signal to said array of dynamc
menor ¥6. ceAlpethedad . intarfagingra ptiraldy of dgsamisciandam access

B B HE L 200 g P e e GR RO i
menor yulBinlg a word line for accessing memory wherein other word lines are
available for refresh operations;

enabling a word line for a given access in response to detecting that the
duration of an external address signal is equal to or exceeds the minimum tRC
cycle time; and

commencing a write operation after the write control signals have been
disabled.

27. A memory device, comprising:
a plurality of dynamic random access memory (DRAM) cells;
an interface circuit coupled to said DRAM cells and having circuitry for

performing read, write and refresh operations;
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24. A nenory device as recited in claim?22, wherein
said word Iine 10 control circuit is configured to be
di sabled in response to a command or in response to
recei pt of a subsequent address. 25. A nenory device
as recited in claim24, wherein said word |ine

control circuit is configured for being disabled at

the next address if this occurs_ 15 before nmaxi num
page #trie Wiig|Grerit sen(igyRRder RAAMIAG SayEteRRRration follgwing
p ality of dynam c random

gg%@@gg8ﬂ%#§?§eéeﬁ?ﬂg?ﬁmeéﬁgrnaI address, data and

wr i t ea et iok geingnatbs ciradhponfiguned forrgdrﬂra@gapmieesi to operate
for. accessing nenory wherein oth rd Line

WOREIAY iBJPePPETS [eprus e JOrRAdsAImORRat? PIYISE Tl hiding

line for a given access in response to detecting that

the duration of an external address signal is equa

to or exceeds the mninumtRC cycle tinme; and

commencing a wite operation after the wite contro

signal s have been 25 disabled. 27. A nenory device,

conprising: a plurality of dynam c random access

menory (DRAM cells; an interface circuit coupled to

said DRAM cells and having circuitry for 30

performng read, wite and refresh operations; -29 a

late wite circuit configured for performng a wite

operation followng disabling of a wite contro

signal; and a word line generator circuit configured

for generating pulses to operate word lines in

response to page and non-paged nodes to provide

refresh hiding. -30
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