TI TLE OF THE | NVENTI ON 1T1C SRAM CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains
w@ei0sH00g7g6 from U. S. provi sional application sePCHIUS2004/022506
nunber 60/487,508 filed on July 14, 2003, incorporated
herein by reference in its entirety. STATEMENT
REGARDI NG FEDERALLY SPONIOREPREPZARGHDOER DEVEL OPMVENT
[ 0002] Not Applicabl e | NCORPORATI ON- BY- REFERENCE OF
MATERI AL SUBM TTED ON A COVRESIRAMSC [ 0003] Not
Appl i cabl e NOTI CE OF MATERI AL SUBJECT TO COPYRI GHT
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pat ent docOROSS-RERERERCE TO REPATEGWAPPLICATIONS

under the copyright laws of the United States and of )
[000Her codtis paBlicating caimsy prigrity e BpS . prguisianay rpglicaiion serial

no | . [ . 0 :

of ¢t e fEbRHIOPOT Iy B, AR bR GBS reforence i

appé@rentirgtyt he United States Patent and Trademark

Ofice publicly available file or records, but

ot herwi se reserves all copyright rights what soever.
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o STRTEMENTRESARIING FEOMOAEDY SRONBCRMpRESEARCH
secrecy, including wtRBRIDEVELOBMENTIts rights

suant to 37 CF. R 1.14. BA ND OF THE
[O8GRIENTI ON 1. Fi 6l d of the]NCﬁngﬁ%QE;e[ 0005] This
i nvention pertains generally to sem conductor nenory,

and nore particularly to dynam c nmenory having a
stati c nemN@ORRE@RAICON-BY-REEERENCEBOMAEERIAD Art

0006] Static ra nguﬁ (rcuits
E)r oVi Lle hi gh spegmmm W@ﬁ?ﬁ%g data as
[06@3)0 as power is retained Ngt AdiiceblecuUi t. Static RAM

cell structures, however, typically require at | east
six transistors which

NOTICE OF MATERIAL SUBJECT TO COPYRIGHT PROTECTION

[0004] A portion of the material in this patent document is subject to copyright
protection under the copyright laws of the United States and of other
countries. The owner of the copyright rights has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure, as it
appears in the United States Patent and Trademark Office publicly available
file or records, but otherwise reserves all copyright rights whatsoever. The
copyright owner does not hereby waive any of its rights to have this patent
document maintained in secrecy, including without limitation its rights pursuant
to 37 C.F.R. § 1.14.

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




limt the nunber of nenory cells which can be
fabricated on a die of a given size. [0007] Dynamc

WM (ODRA) , on the other hand, can be very dePSEIU§2004/022506

packed because only a single transistor and capacitor

is required per nenory cell. However, dynanm c RAM
reqybésss WAL FataiMg GatBRY IbngldstbWéMsae’@ntaSothwmrcmt Static
characteristics which limt Its use. exanp

acc B celistruttures Havaves: tyawﬁﬁhf%qm@aﬁ@'l( Vanélérq@ which
th ergyﬁgﬁm%wﬁ$%%f&ﬂ%moﬂféelﬁt Rhich c'é‘?\rg'g ?bé@b{éﬁ?n%ﬁ t%gﬂé R a given

r‘equi'res "a perio
al | gpesufficient charge fromthe small storage

capaci tance to be stored on the capacitance of the
5 [omﬁgd ci r Bunamie RAMADRAM) OndagiolgeT B, Gandm Yortipnegly packed
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s Dopop T B A HOE B dhi@obbhd SapgbidriE oY fro BEF Mbly cell
r ef Heatdvag, dfnanhie RAMIreguiaé e additionalguippedt dwuithaandaea other

is not lost in response to le ka curr ts cha n

| he CRBGIERIHSP MR VEVLS, oMol SETBIPe T oqasr HEaf Of the fastest
opery [

oD BRI a5 T Ry TR 8¢ .

[ 000&3diRy tlaerstaterefitie esll feyuirenya paueisohfame t@@énw sufficient charge
i npl_ enment ed th internal refre

circ é“ Lyt £1h
at t &iog &he gm gl gtorege C&?ﬁglﬂ;ﬁ\rg} gto(g@ Rdng g@pgg&ance of the
The Lde %lr (ﬁ}ﬂfloﬂ"' I%th'@qwdrﬁfdyﬁéhwlé‘ﬁ%rﬁ@w isidestructive, wherein

i SSUés y I nterface™l ogi c, the DRAM can appear
to awntecurtestere fopeetation rﬁRAl\ﬁoII@Wm:hDRAMmeam Furthermore,

of t &ivpBraeneatg ahs FelbbitaniyBiBe TRERALST R st m
| abgé bcﬁﬁsﬁecl%tlbﬁﬁa c&ﬁ@ht@ dﬁbéﬁ?mgcthﬁﬁslm’fe)d viiagessalue. These
[ 00 T I ng DRA operates simlar to SRAMi s

at t mastorerand mefrésh omﬂpne\mmeam theimayinue aspespdiges to

Gi o e Ban, mai t Lol uRR) el B BB [,

[066%()3' st QhyrarteRASbABS iSMAMyi (fasésﬂ‘ﬁvérbednYinﬂ)IMBnted with

i des h| %h rrem)r density whil e incorporatjng

si mlh@fnax!rre eﬂac!rﬁg ry Yiaat, atﬁﬂm@fﬁ‘d@mldﬁ tf@o‘#ﬂﬁ“&ﬁm'ﬁmat‘t‘&‘? < of the

A R TE  5 ARoAT e B esion o

[ OP]uéﬂerM%?%yc%@leRA%cé@epﬁ%MoCb?\zircmBaarfet is| SRS, These
val i unl i Kk
DRAM devices which appear 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 atiractive in that

DRAM, even including the overhead of internal refresh logic can be fabricated
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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devices for which "invalid address” conditions can
occur. Since SRAM chi ps have no need for the restore
war@snedBesh operations the requested out put |iBCHUSENE022506
avai | abl e. However, in DRAM when the address is valid
for an insufficient tine to allow for the restore
[00061 at | on(a)tineakdibpdiesedssied. be generated and the cell
[ ff)rmation will be |ost. éOOlZ FIG 1 depicts timng
100317 gi ¢ dVlemory ddeeassep dpr 3B8AM Aevisps are piwaysevalidgunie DRAM
af t 4 «
he RSk R HRAR ARHLE (Gle (ol inGERRAM chips

deperalientp oeed fier thédestose dndatfresh pperatibnsI8Y e6@lested output is
1T1C SRAM that result in

B 1310V GVaities Howastdn RRAVSHEN taediidsass i g for an
per 'lﬁ%ﬁl%ﬁf‘tl%etodﬂéw foPth Eestt&% q"dj%éﬁéﬁ the o%'i]o@lﬁt qcear(ﬁmOt be

than the mnimumtRC, insufficien
f or gdrerated ardhthe ¢all ihformedion vl béAdst. The m ni num t RC

[O'Bmﬂhgpgn;lﬂm%éégta t@ﬁggz . @ﬁ%ﬁé‘{;&%&}%‘s %éro&ggs?gé giﬁgwﬁ in the
I €S iRfuir@ CarRRehAS sERct @9&1&& e (‘%gﬂg@? ggfn§518¥vy ahb Yuration of the

peri od: When the duration o
suf frmemeny adémsicmwamwblomwaar@epﬁﬁdlﬂg)m tted Bddress duration

Eccdelioge FveralpBRRE San pEpb i s Tk SBAMagseuyit n an

the |@¢gjrd%rb§stoo l ong, typically longer than a few
m croseconds, the boosting |level of a word |ine signal
[00%3] be | dieBhertaddressevaliel perloelstWhetheeimatlamof%\e address is

51 neBons AP i HE A Canadiient s 4oV e ool data to

si g restdred AY. TRE ShMRAUMAR GRtthE #hinfEum #rRE "
oper ati on asml ?1 convelnt | l(J)na DRAM evlen ltJhounéh nt%%ged rﬁquwed time

r ef ﬁ%§ﬁ”ﬁ)dfét6£ PEAN ©peeatian readgipatatiohincRing behiayge restoring
cel |, ﬁ Hj%ed The internal circuitry perforns the
refrgs opérations. However, the accesses to the cells

[00D4] t he il poRg aatiresf \feﬂlﬂcfgé?rm ba/hearRe afupsticH oﬁﬂl% address is of
tinme, such as shown in FI [0018] (c) Page node
i ssgfficient length to complete any DRAM operation without causing any
problems (B).
[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 generated at any time,

such as shown in FIG. 2.
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[0019] A fast access node, referred to as a page cycle
node, can be utilized in which data is accessed in the
W@E 2008/0087%6 Wi t hout changi ng a row address t her eBgT/US2004/022506
i mproving the perfornmance of 1T1C SRAM Fi G 3 depicts

timng for a page node 1T1C SRAM The first data is

[004BFhed wic) IPayd hbdeRSsiié.ne del ay but the second data
in the sane rowis fetched in the tinme period tPC

[OQAPEN i s Ajastiasceys made, sefermedrtotasam pgge icydletrrRade, can be utilized

[OO%M| ssuesbagcgggg%(g@ %t p?a(gﬂﬁg E‘Sﬁr"?\’% otuﬂ]g g@é‘&@.%&y%address

ci r cthiteby. imbresiagithe lp@ﬁ‘oﬂﬁénéé’ of ¢7h CYSRARAI BIbG . Y depicts timing for
nodi fying the device specification sheet to %uar ant ee

1T1@ mede ¢ 81epeRaM. ohhe first datmiskietaednuithingag IRC time delay
addngasnadebid Hsﬁ“ln*}hg'saﬂlér@ %ﬁﬂ%@lﬂtﬁ? tﬁ') ne%od tPC which is

restrictrons are pose or i _
vvhl dippitally nﬁjahrdho@ﬁerIﬁﬁmFdﬂléth@|| conpatibility with
RAM chi ps, .and thereb imt the applicability of
[00R8ke nedbi %@PE@'at%e’thﬁfﬂfptﬂMth@t vany ohthe PRRAM dgsues can

¥
Govi 958 PRBIAN PR Aodtenll SRoFET Y, iy 15 Wbicaly
ens urandiad by mmlmmmu@espmlm@nwe@t té Q’ﬁalfa(wtee 1T1C SRAM

dete Lng the valid address, The restriction attenp
&@é’f@g%fﬁﬂem ﬁ'ﬁwam%si%m#@s@va%aédrq%\ﬁé\ﬂer.efrelsh hldmg issues.

enf R s %?ﬁftﬁéﬂdrﬁé é‘réﬁﬁﬁg@%ﬁl (?%@Mgéd?ﬁrofl ﬁFmrég which fall

set-up an tinme which are no herw se neces
f or shioet oifazowdmgjﬁuﬂtcymmatmmpmth BRANSeHps,[dHiRRlerélb) llmlt the

ndareeicadi tfesh Bersry deioes; cheriolguineaunes fpical
1)
o FaBeland Aok PR S s
[Oﬂgﬁpat i bi(h) Restrictibng aresgrAlicdit/ename sluﬁmm@mlratiﬁmss bet-up and
tati
o014 e R Bpfactindafie vaTL BrhsBScd Merestinob Stibkinis to
whi &refdom® themvaid bedrddsiisdue, ﬂ%@\?é*/br lﬂénﬁ?&di uﬁrﬁéé%%%arlly

are inposed on timng instancés to be avoi ded so as
pr e@&iRNdsdrimisguvarging for S@p—elpaancblnold [tiba2 @hhidA @e Hot otherwnse

dep%n%éés?ary?&yﬂét\'/a%?%ajgﬁy ?%é"r"ﬁ{)rdy aécne%sgg heme wi thin

[0022] (b) Restrictions are also specified to 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

-4-
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SRAM nenory devi ce. Access commands (i.e. read or

write) and/ or address are being received by the
w@daseew3Buf f er and Conmand Buf fer. The ATDGeneRCHEUSI004/022506

detects address transitions while the CVD Generator

generates conmands. |In response to the ATD Cener at or

and EbirBéoratetects atiréskitrahditions gaietisn EMR Gendrdtor generates

addr ess i nt.ernal Decoder_decodes the valid
i nt SOTRMagHs &Ee%%%\sﬁ tethr 1 TEbEengraipband SdviB@enerator an Addi

I r
gener ancaota el el BRGss ST PREEEEARL 8 the valid
si gnaﬂ%ndraﬂdmemand al Blbeld codipgdisck éél@ét@]vaﬁd\fhergxlory array blocks.
Feffri il ek tEislar el K bk Soa Amiger conto
gen&jg'ﬂé@ afd BluRéY @@Q{j %ﬁﬂagglcw t [0027] During read or

wite operations a bl ock creates
[ogaa} ant ecl Mel%pemtn:e@cbmﬂrlmsegéneramrpoperam tceemabl&nide word line

| o t end of restore
S| g Wﬁ acré?revgﬂsfa.s?fém @h’@cmeaeratﬁ%am/ﬁwable

Senssl,%montrol bl ock signals when the read or wite
access operation is finished. The chip then enters a
[082%Ed- by Durtng refa00R8ritel aperstions a Dulaye Cirdui blonk wvéates

per KEPIATORY defRy e Foraselinglor henaliipa bt Rfore block creates
Comﬁaf”(‘ECﬁQf &8 of %n@eﬁgﬁﬂt he @MR g@ﬂﬁfﬁ%ﬁﬁle@@ﬁe g%% line and

are operating as descr| for
r ef te Beasiviot eatl/ blsokignds mhanrﬂae rehe bherite acpesd openation is

t Th
ol TBRY: el EniBRRES Fneits S tind BhaRoden” cont r of - bl ock
[00Z8Juest IRl Qﬁéam@lb?%m[o@‘é?&}nv@ﬁﬁ@néi reprh‘éBhéme Accesses

case the chi is in a stand-by npde and refresh
per B¢ Rethg mmmeot!ased r wrntel) and ﬁmeoﬁd@resbéaamrpCommand Buffer,

et (Al CabePalol P CHb oA A B Siaaling s eseibed for FIG.

opedatAmActise 8oHeh hbittRO3JIbcicasR rhined \Whéfﬁe‘f t<9 g@ﬁorm a read

the read or wite command conflicts with the refr
r eq@E¥4rite @Reradion gKrar foeﬁhd?peiemruegherfdlmmg @ase} cTharise when

EB)Ie g %Sf@éfr@éfp &l§nt?&°o?gc§§ re\éﬂ 'sfj refres ronp%lrat'rf‘(gnd resses and the

[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 until 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,



codi ng bl ock selects valid nenory array bl ocks. [0033]
FIG 6 is a block diagramof a conventional late wite
W@ elvses73Accesses are being performed (read orP@I/USED4/022506
and the Address Buffer, Conmand Buffer, ATD Generator,
CVD Cenerator and Addi are operating as described for

FI G CdmarvehcFB@fes5 ATD Gerepatos €CVD Genéfdter mﬁﬂaﬁé@peratmg as
Latch bl ock and

Phe GacuBRf ToRIS anb Elea Imretnonseita & wiaammand the present
bl 0Gidrbés Lsh%tc%%bﬁ% %eﬂél%%%léfclpgﬁé ‘Prﬁé'bﬂ%&%t g%’é i latched in
conmmand,

gener ates a val

i nt dhazﬂ?aty i Latch blbck slfl‘khd chip was pd@lﬂ@.@yﬂpeﬁbﬂmn@@wme
I f .t did not performa prior wi

5 compmman e AT hogmherelRs A Ve aglrassrntormaly.(.e1itis N-1

h f
e B IBE] B0 ol BT o

dat @ofmmand; thensna\mbrelaperationfwit el péridrmed. 008 cipavas

R Dec.od bl d lid | addresses for
Row(REy LS b R & Wi gREI e, BP0 dRe VMG Saian ook drives

Decqpas (4 &é@ﬁh ) 68 %SntY%N-Cchjb@WfP&h |3fdfs esses for

Col um( sel ec nerator. The W
10 [0@24er at orThﬂ Bow @emtdeari)lwdkedmdésl \iattiel infEneal Bridredses for Row(WL)

SensEIRpEB U CPaRate RSk Whe tolipe esasi ook decodes vaiid

f t
L0033 Rt é‘E?S?%?sz?* CERARCELD U PESE O Hamtor The WL

SRANjengratir binakeenables the wordlire. cﬁheé:'md M)‘abstSFd\hEOR) block (not
dev

speéﬁgg’ﬁ'ﬂ% qur\ﬁ{!?@nq ﬁweaﬁan%qg ypémgagllsfvmfp@g,\?v%%e operation is

15 conpiatshizde WéaupQﬁéf@@hté?@@Isté%M ¥iuges, thus
conplicating menory interfacing d use. The present

[003Rlent i ocsotindirethet presentdoRAM dawces,(fﬁhc \BRAMasvhich attempt to

Sor Siia RivatiBYRLSRARY FeRBes nale puminbeto! Gk which limit
SUNM&E%(sﬁpJéﬁahMBbﬂéﬁﬂltk @P3GLhith ardhes iy doﬂYJ?égFngﬁ?gnth

provides circuits and ods for interfacin
nenﬁPQV?fme SR ideyides, thus goreplineding tb’h@TW}t imt@fmnm@ and use.

0 TG S OB o B BB P e, o
cappeaiously oeveloped alTE SRR thtegacif @vldRnBiHiEsrovides a
nemr)\[n%lnber of benefits.
BRIEF SUMMARY OF THE INVENTION
[0036] The present invention provides circuits and methods for interfacing

25 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

30 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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densities than available with conventional SRAM nenory
cells that typically conprise six or nore transistors

W@ 2008/008536 SRAM) . The obstacles to utilizing theCDBR0a622506

a core of an SRAM conpati bl e device are overcone
within the invention to optim ze speed while reducing

[a037] bur deMheinwerive rabthodiUtfizeédB3iIEIngHhe woaMd 1 accessing
met hod utilizes pulsing the word |ine for accessing

menof PN Whidhkakes piner wase dinps sesilablaiforiperoriing refresh
oA TSR S Bl B B oo vl

provi des

addr address givalats, amaddetetin) VAl y@dredsasidnpisae aMbesbed in
are accesseg(hi n res_tg)ag)nse to the availability of the

addr €SBOBEY h thenaviasHityat el adress bryerd Baiven daiadibn, such as
acar 15 08 Srarb ) PRI DRRGHT IR e i pegition ate

operatiiingisbeforcedaihtvetich tiee writd ps@itibh WeginLamér the write control
di sahl ed.. [ 00 An enbodi nent of the present
i nveePS E&Pe -general Iy described as a nenory
BREUI t hAyI ' .
O9SBE Y AR 1 Ko 37y descrve o
dy nadnmemenyoiscuitdiaving dyremicabémoepoglls configured tgintulate static
transistor and ca a.cdg;or 1T1(§) for each mermré bit;
(b) BRIoRY-<MP Sl @) &n e t%ﬁ’@_”@fl”&%mp%%ﬁ{ » guafeably
for i i .
gene T iahg , SAE e oS aRTTARGtaD (LTS} i e Rdneory bi o)
f or areigéenmighgddiessigenerating dﬁﬂlﬁmﬁgumé[dfog ;pmerm‘hg Iafﬁi@ress and
t.he. dynanic nmenory cells; a means for o
qendauRgb ApiaRRh Red gt dinbest dba flecoder ciraut
wherfof Fdc@dfh@ thdntéhal S64ed8és Shé %Hh%rf)ﬁiﬂg_a‘@ab%ﬂécﬁne dynamic
termnated in response to maxi numcycle tine (t
wherNemony aeliss god (eh eansrfongsnenating ageorblite oyipukto the dynamic

E: P?Uié%ngwyl]eﬁﬂﬁa%#rgg%ﬁp@%ﬁggkggﬁl argcg ﬁl@g}rﬁnig&grminated in
ext ee@@dm%rﬁ%ﬁin@lﬂh%@bl@ﬁﬁnégm@ﬁhh@ﬁ ir Héﬁi@é@lgg fnode, or

duration to detect invalid address duratio ( _
i gnéPRHFIUTH age saedeacyele dpw &PMIC) When e pagy nodes i t

1008, 2t ot o PG oL R Ehef CAMRRRE ety iobomparing external

si grmaldred0ddRLions aybrist aAtae IR Blurdtfor! REIREBSIAVAID address
in\é‘gati on can be descri bed as a nenory devi ce,

comSraliang andiangripg i prsgciatedBpeiatien.r Thd onemonesiscuit may
TeMplirther comprise means for commencing the write operation following
disabling of a write control signal.

[0040] Another embodiment of the present invention can be descﬁbed as a

memory device, comprising: (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-paged modes to
provide refresh hiding, (i) address duration comparison for ignoring operations

associated with address of an invalid length, (iii) performing a write operation

7-



(DRAM cells; and (b) an interface circuit coupled to
said DRAM cells and having circuitry for performng

wo ead/ooswsé t e and refresh operations incorporatP@QUS2004/022506
circuits configured for perform ng one or nore of the
follow ng, (i) pulsed operation of the word lines in

r eSpMesend QisBBiey and wiite cpatresignales to provi de
refresh hidin i i) address duration co

(004301 | ng Thess BENSHe/ALASRRGIS 6a DRATRCUkSHL SFBraiTap orease
) nv l P 8h§iﬂﬂ}&v\pg'd | sagg AM o Q:e@ WiH &iStic RAM interfacing, or in

ope a wite control

si gﬁéinbn{eﬁ%itb p'Fbelde ol Conmipattib s PBRANS intarfate
racti ced separately to, increase co

00 am c© At roload ot OE 1t be SRR Sef b desinprd as

, nt lé(od%\{})%ét%oﬂﬁ%r%m )Y n%M d&%ﬁf&%ﬁ%r&ﬁ@%ﬁ%%ﬁcess memory

l nV@lDRAMI) @l8; (1) ateintarfdreciasitaouptast ip sad iDRAM cells and having

O oo e riag e VS lar LR SE S ST acoress
to gﬁkﬂ&%&% écﬁ} @Eﬁh@)‘?&b rbé GH |bh?25r|ﬁ@bp@%tfo%fﬁs@@mated

rea operati ons; addr ess
dur &Imhcziddremwbum arerreueme@ oéanﬂm\gihddang ¥ ignoring
eratio dd
[09 ei ved S sca&mpr]t @E H?aq]pgetes%g g}veﬂhgre ﬁ%f\ebe described as a
enb [
o gﬁ’érm cé% Ih:?en%rg!sgﬁ%gﬁ)sepgﬁmnt?af @9lﬁlarhﬁ: m@m heskss memory

dyn@mmmksn(ta)mmerfmmlgcwtmwed:% ;ég Elzt Mgfrsells and having

|nterfa,ec:|rc:|t cou d t

v HGaED e PERYTER e wih AR fellgE GTplion§idhd (0) @ late write
ref Igetit %Bﬁﬁéﬁﬁe@"féﬁ p@feriify sAwtid Gpevatibe feliowing disabling of a write
configured for perf orm ng a wite operation foll ow ng

di sabhirabsighala write control signal. [0044] Anot her

[0 Odi ment et G808 en[t it Pé |90 i ARBA cg Sﬁﬂ@@&lbed as a
nPtRen QTPPAISHL RS 1S C menory
ConmeMbﬂﬁcf?&uﬂhéWh@U?némm m@nimgmeus conﬂglrredlto g;lm(llale static
an array of dynam c nenory cells, such as 1T1

(b) raemiony, @omrisi(@} 3N geiafidyRgNLs mamery Mbas 1T1C

gend S T dh BYREEP BuBfts RIERhg aﬁ%ﬁ%ﬂg@ﬂﬁ% receiving

for dRpesyhng cbhfnamd Eﬁ@mhatmiﬁamgesemﬂdgommmailaddm@ses (c)a
access to the dynam c nmenory cells;

contdasioder eigenit owﬂwwngéaememﬂ Bde %&ﬁg@\dﬁ%{g%’lémﬁ‘g access to
sal qngwﬁﬁhﬁc RIRON, MAEN () ' WERS 1fifh S¥ntR&cttclR €BARGuUred to output a

circ
word line to said dynamic memory when triggered by said decoder circuit and

which is terminated in response to maximum cycle time ({RC) 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.

[0045] An embodiment of the invention may also be described as a method of
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which is termnated in response to maxi nrumcycle tine
(tRC) when in nonpaged node, or maxi num page node

wa@y@keogBere (t PVRC) when in page node; (e) an RATUSE®4/022506
conparison circuit configured for conparing external
address durations against an internal duration to

det dnterfacirg) & gluxelity es @Iydarrad ra:mmadce@mbhmytc@ﬁs to external
nory operatijo and (f) a late witing

asso ted
cir c%d(ﬁ 3 apd Fongpl éleﬁﬁ%ngpmrlﬁm @) nLéSlagélngwom line for
foll
b v P eoRSing 8ok dngteif officr foridRieE a3 BllAbIa! e letesp
t he opw?Mnsmb)myel\tﬂingca Werdzl;lnse::j foredives a@gﬁ@é kpgsponse to

i rfacin ur 0 nam ¢ random access

n'di‘?j %f@]q @%ﬁ ﬂ“eg%ﬂr@?ﬁalolf é&cﬁ%%@a' addresssionad it eewal to or exceeds
si gﬁﬁé%lnﬁﬁuﬂﬂrt@ le fifhe: %Hﬁs(bf‘go%ﬁ%n:@ﬂ{ég é{\}rrgg ob8Fation after the

accessi ng nennry erel n’ ot her’ wor
avalwratbloentrofsngeaise‘zaved;mradilsabl:ed (b) enabling a word

(OPAEE . Pl Berprpieaplod ki uksb of Aspocts @rbaibresent
Or GXGRfIdh drBQIECAbEY MaFRG, inY Pﬁwgbmot%mte{act})tﬂ? gllowing. It

conmencing a write operation aft Wite co
Si g@é\bgld@lee begwted |tlsatthedollqwiﬁg&]spbctssdfdhé dhvamtion can be
ate t,hat _a r of as ects,

o UBplhelel Fhel Pl ThepmI AT Ve ARG rom the

I'i mitégshings bhef srebemd iRgentidn. shoul d al so be noted t hat
the follow ng aspects of the invention can be

[0044]1 enent®evaspgshoithe pventiom l&‘r@rmowaieuenhamced cmmpatlblllty of 1T1C

L ooPNARSRR AR EphTRE BeEnRashd ce bR aory cores, with

enh@one@htmmpstﬂmldew;e@f 1T1C SRAM devi ces and
siml|ar devices based on dynam c nenory cores, with

[0Q4%1vent | Swthesmpegtof hesnventiprels tapsovide ra&mithldm page mode

oy o FLOEIEEBR, b et i nE [ fctictscul fredtioin
[0G49jess t iAmotiger e[sﬁb@é%f hedhberiticrsieas prelidé %&e‘ﬁ@e‘,ﬁ HidiRG method

ist royide a refresh hiding nethod which utilizes
pul ¥EYCTuwiiEesinwsed waet ines, wieraibrielwarddines fonether cells are

oS S R PR o1 eeh, SPer et one
[0G&0]r ess Almnﬂter%peofmmheanmtldm iwhb pRovibe avaltdsd durafién
the address is checked in the first part
comparisons in which the validity of the address is checked in the first part
and the access commences in the second part of the address which exceeds
a given duration, such as equal to or exceeding minimum tRC cycle time.

[0051] Another aspect of the invention is to provide address buffering to
guarantee a timing margin, insofar as the address is available for a desired
duration, such as tRC.

[0052] Another aspect of the invention is that of providing a late writing
mechanism in which the write operation is started in response to disablement
of the write control signal.

[0053] A still further aspect of the invention is to provide an interface

mechanism which allows for incorporating dynamic memory cells within a fully
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and the access commences in the second part of the
address which exceeds a given duration, such as equal

wo e008008F3€eedi ng minimum t RC cycle tine. [0051pPCHNSL00€022506
aspect of the invention is to provide address
buffering to guarantee a timng margin, insofar as the

addr8RAM somypatibigrhemiopy davidesi red duration, such as
[0052] Another aspect of the jnvention is that of
[Obgg]/i di ng”@thefiasprels phiferipentionswilibe veught ewidnithe fellowing

ki ' I i.sab nt of th
o 1 PBRs LI SiodfeaBy, ERBRIS Bd et ticSFatatls bofhe
t he purpese obfullyxdiscloging preferad drnbedifsiis BEEHERMVEMion without
for incorporating dynamc nenory cells

whi cfy_al | ons _ |

Wi t rﬁﬁc'ﬁgﬁ'ﬂ?'w@ﬁﬁm%@ﬁﬁatl bl e rrermrly devi ce. [0054]

i : . ;

"R SEERITION D TR AL oS AEE DA
[00AS} ei n tHee ihweatibrwillbs enorptfulynuhdersisod b raferanesdoahe

['1y,disclosi f ) di prent f the

| v eRIRTE T S g oINS RtG RirResONY: BRI EF
| PTI T, : :

(OPSTES] Thety rvant rame e b ong e EREhlh BElighs gyring 2

r ef eaomvestionaltdyeafrid randamy adcess “mngwidﬂfrﬁﬁ.f ;)_r _

' j | y: 056 is atimn
OB L5 2P P i APl b i s any e

Con\’oﬂﬂﬁh%@nv@ﬁﬂ@ﬁ@nl‘dy@ﬁﬂ@%rﬁf&ﬁ%&?@%‘ﬁi&n q%%?%w y

0057] FIG 2 is a ti'mng diagramo efres
[0V58k can FIEe dris attinaing diagnanmot page markeneyahe tiorad within a

i i on. [0058] FIG 3
B B BRET B e BT ¢ f i ng wi thi - a
[00591vent i g, 4dy BaTbEk a@@mcﬁ%&ﬁﬁ/éﬁagﬁélybﬁug%%?%% fih&scheme.

4 is a bl ock diagram of "a conventiona
[006Qle schénB: S[ivaddpcltiagramiaf accanvenkionalagfrash sthame.

082! 398, o830 SRR ol bSalafs gt
[0082} 7 i ¥18. ViighartinidbWGraPbs agikess getitiiontdRcddhta refreshing
cell data refreshing according to an aspect of the
pr e S6RPTAiInG, Ehen gaPefiordle Presentdnventient i mi ng di agr am
[o®é31or d IFiaegsiytindhl diddPaRPofRSH fHd i fiming according to an
aspect of the present invention. '
[0064] FIG. 9 is a timing diagram of late write timing according to an aspect of
the present invention.
[0065] FIG. 10 is a timing diagram of page cycle timing according to an aspect
of the present invention.
[0066] FIG. 11 is a block diagram of a dynamic RAM configured for static RAM
interfacing according 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-



aspect of the present invention. [0064] FIG 9 is a

timng diagramof late wite timng according to an
was@sovs7eé the present invention. [0065] FIG ROT/US2084/022506

timng diagram of page cycle timng according to an

aspect of the present invention. [0066] FIG 11 is a

Ekﬁfﬂﬁb%ﬁ‘r%rﬂ!ﬁf%e%ré’é@ﬁﬁﬁ\iénw configured for static

interfacing accordin iment_of the

present i nv@ET/bhb,E_q DESH Itﬁgrd;%rllllérlzrib'g\gg INVENTI@MNigr am
[oo?;%gd IO %%gg%ﬁﬁ{; ﬁ%olr'spsiggﬁicgﬁyﬂt A %Iocg) r%(l\)ﬂ?%% Z%f‘iﬂﬁtgtiv%mfrgoses the

a bhrekntidentsn & embbeledds thapparhtas gondiatig showarin FIG. 7
enbodi nent- of the present invention, [0069] FIG 14 is

a bihsekghiFigr #n Bwill bearprogiptes that HisueRRSIR MGyVgry as o

anenbodi nent t ' [
DEceeH e AN 8 o RIERFHSh B YD) S it s eothod may vary as
speg fhiccatldoifid StepSandrsagusase, Withoutldepsitiras from the basic concepts
purposes the present invention is enbodied in the
?{Jpaﬁlﬁ’faﬁ@sg?@d@rﬁlﬂ-y sgovvn in FIG 7 through FIG 14,

2 .eciated that the apparatus may vary as
to confi Huwﬁﬁﬁand as to detail gpof t he pa)r/ts, )a/md

[00719t t he Toriohasthryyneamniy neembry problerpe essodatedepith thejuse of

o y . :
di <ATSCCORAM Bamores. pheBis AN Meony B 2Bg adliic
dyn Wﬁﬁﬁ(mp?égm,%’év girts'j‘éﬁade%bﬁietdhﬁhi@ﬁ%_réfde_scribed

1T1 AM ‘e rnor or sim SRAM nenories utilizing
a dyeesinc Tireso mew @EAD concepts myercomne dp imingrestrictions and

nbodi ed which are d i bed i
Conceiaavust e a4 e BBt IR g ARG scn
Whi Gl éﬁﬁg@fcﬁrf%s)gbzﬁéﬁﬁéﬁss?em cBhigatibieehisrideRAN addition, the

core, suc structures, to create SRAM
conmpati doreepk oan ibesmplemenigidtwighuttthe need feberraplicates logic and

o] : : ;
and MRisaRlinG g st itep e tee hafRiRgheteds o
I nc gﬁﬁ%%ﬂﬁ%ﬁﬂ? ItRE neWodsSgheald eadil amprRMatesd witledhey can

r eadi emented while the%_ can
provide full compatibility between 1T1C SRAM devices (or similar) and

conventional SRAM devices.

[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. Pulsed 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
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provide full conpatibility between 1T1C SRAM devi ces
(or simlar) and conventional SRAM devi ces. [0072] The

woewsdessBgn concept includes a nunber of benefPCi/ab2004/022506

aspects, such as the follow ng. A pulsed word |ine
structure is provided which is limted by the maxi num
pagdingde cycle tine. An address duration conpare
function with optional buffering is provided. A late

[OW e f un-@?EFrngrPsth@I UEe @fu@)ﬁtﬂﬁteddNOWHé@eCai‘r aiddeprevidieg refresh

st Ry e P s P o Ba s e Ean B e RaRing iien refresh

pr owpiaafdtlmfm posdilslel iHOWwekrpiy driaer fﬁiwmmﬁmemﬂﬁfba@&ﬂode cycle time,
cyclﬁ ng To |nPIenent a refresh hiding scheng,
wor dnewpRidilige shey!q potbeyapered abaeeppaddiess since tPC ls much

i o) T Rt R Shadne, B cof SR ARGis pBFSOCR, insteaa, an

apprlekarmlegmlsmatgéimaﬂedgmacm shiiti devipaft8r fhey mblitnum page mode
entire CtIV? ? eration (level sensitive word |ine),
pr e\Pé(ﬁles Inagy 111y f?? M\fﬁyﬂéﬁﬁng&mé%@oﬁl&ama’t% thednisimum {RC can be

}N_Or GELa elfrﬂﬂgﬂd. Tﬁg W(?)péfeexa?me lé?)emgarmgl’ o%”ni%ﬂc#}ﬁég utilized to

i ne ca In providrng refresh h
wor dmplemeentdhist dsgrect.el | s can be active making hidden

(0Dl Erent 6. Rl aie VeyelEs| seociis) WP Uking ahéhn word ine

[0

not ReccrReaRE dilin ?eégﬁiﬂﬁ@qg rtﬁ%%uﬁéﬁlf‘er{t BHdtsss™ R hen an address

shorter than tRC an orirng times
not hasfd lopigehuratiomtimeathe word line caalbepshus offi after tPMRC (page

genzrr@% %@@g‘;}ﬁ:@e | 'FW% #@M baf t $(¢L,H]ﬂ?,r%ﬁéql;hngr9ngogs are alternated
guaramt eeriddsen WHERHE §5Ra @Pb@%c&@?s‘@d A z?% P 'Béfl&fjthf RAS

By way of exanple an internal counter can e ut
t 0 |Q19i§|&éﬁ‘8ﬁi) ich haspwet perials? 3V hléh('an dddresasiuratiarsis shorter

d |
by SR ERRE: 96, TR canits Sk 8 b s litsesce.

(W’Gin an B?Mbﬂé\ﬁln@atﬁlsadééi’gj}gcg I\%C' %réshrmdlggr%g‘g@égge mode cycle

| ine can be shut "off after tP page no
t i miMing cas hesuppestedoviite &hleaieqeesﬁseeﬁtlmmg wstriciioas for

acc 5oBRafifl tr% SRANEER: ik Sha, peftstyB s anisron can
has stipporeetosistial Yage doleiskthesmerlin @d 08 of eRBNAEE, data lines

and internal 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 {RC 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
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than tPMRC, the word |line can be shut off at the next
address. [0076] By follow ng this design concept,

wo edoseed13di di ng and page node cycle tim ng canP@BUS2004/022506
supported while the necessity of timng restrictions
for controlling 1T1C SRAM are el i m nated. The

| nvepérioceof@abaal a08resaBs w?ﬁ@éﬁatﬂ%ﬁ&w@@di ifto Wﬁaﬁé’,‘(}biﬂ‘n the front
path, wherein the use of extra lodic, data |lines an
i nt RTHPN bginchelifizgd donvalidhaddresadeteationsupporti ng page

OBTSE, e CobiBre slbndE AR b BT Bhdteml across s
ut i | 70risngnd tHeeintethal fRC 19 360, ARGVihds:deiMal bYski dMBinges (e.g.

to facilitate DRAM operation, which is shorter than
ext 50 apRAdsess ansiiiert Pefestion ¢ATEN seberiehdbetdwsation measure

dd i | L fi e
Shesrmettes AP BT efiifoh P eRbrE iRl ifimum e
suclcyale timeea mard diddieenabletifard startsith® DRIV cbre @pkiation. But

of address duration can be conpared for controlling
i nt é’i'o\?ﬁ.ﬂ fﬁlﬂ@yoweﬁmntemban toe rdermal (mlmmumlteﬁcm?eebme, a word

an g I r4n4 LGl SS .

o0 SFBIBEL RO e UBLElORS ot AEHL R Bnabing a wor
operliatiam staHingal DRAY aheratioroapesrdivg tofthexderssd duration time
addr esses | rpr%e)é\e abIIy divided into two_ parts, wth

he FPOIR PRAPITISH BEVeHg! GRpes seruld ble Gnsiderad diassd on the
det esidv@n dd@?e?ﬂtr&?é?ﬁérl‘&er a scenario in which the

duration gf the external address is 70ns and the

[0088@)er nal (1 Rthé snafaused Atitersstdhaation &mesis lanlglrehan internal
an.address transition detection

h . (). [
(AT sc NERumRL ol 456 S1sRaviant addiamdn cbangem affer the internal
t he dur atmhigmmiis £ %e%%kﬁ o el
t RC cycl gﬁlﬁlﬂnn%r% a \/\/Eé')}kcollé ﬁn%{e 'i S §na ele a‘ﬂgms?@re?éwﬁéhﬂ
DRAM cor @pepaicat is griovided andehe tDRANUs@Rdration relatdowltiethe address

than the internal m nj tRC cycle tine, a word line

i's not er‘fgﬂlbgdp%ﬁf@”?ﬁd %&%ﬁ?@nfgﬁc’é’?%@?-formd. That is,
[o@8rgb! i ng (2) TWE iahéds'ih?ediﬁgd@s@r&dr%r?tiﬁwll&ﬂgér%éﬁ thternal

according to the address duration tinme can be

per f or meMinBawBtRIC liitbe nsvoatidrase changesaftedtHeawer! line is

the foll %ﬁi Q% address transitions. [0080] (1) The
measur ed °ad QSS duration tine is |longer than internal

[0082]i num (RVaRA thERIUFRFFAUBRINAHdRERSS|i§ IGHRISSh internal
after the internal mnimumtRC cycle tine. I'n this
case suffici eMinimyra tRe; apramword line by the new address will be
enabled after the internal minimum {RC. Consequently, the
DRAM operation related with the address can be completed
without any problems.

[0083] (b) When the duration of the new address is shorter than the internal
minimum {RC 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

minimum {RC and the new word line is enabled after the

internal minimum {RC, there is sufficient time to complete
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operation is provided and the DRAM operation rel ated
Wi th the address can be perforned w thout any

wee@blestse [ 0081] (2) The neasured address dur BCT/O82004/022506
time is longer than internal mninmmtRC but the new
address changes after the word line is enabled. [0082]
(a) Wen the duratih@fDRAM bpemmmbemed mthdzlmgérst address.

than internal m nimm new word |ine by th
[0088%ir ess (i) | Whes the Wbﬂdﬁmﬁé (SichaddTess) is AhoRen HAMihe Internal

t RC. Consequently,
address can be conﬂﬁfﬂﬁewgagﬁﬁ%h)glwp\&gﬂgqteﬁls%ggé#%e
(b) Wen the durat DRAMbpehetioneassadittes svithstheHinsttatdress can

than the internal mn| mum t RC and a new word line is
not enabl ed, the DFEMiMSer at i on associated with the

[Oofggjft ad@ﬁ/gﬁ ﬁ?e;b‘éup ad&%%@ urktid ?]ml%qsts%rtﬁﬁﬂan the

ress onger t an the internal

m ni mum mmnanmmmnmmcmmm ho newivgorendel ie &nabtest andheo
internal mnimumtRC, there is sufficient tinme to
conpl et ePREratiRANS 89@‘95‘?‘? n associated with the first

ress.

o 55 A8l ek SO oot
no ﬂlE\l\C}/@éAM ?drj]&ﬁ?&s ;ﬁaabjeeelzjrghhtedDHNWmmerrdmdment thls aspect of
associ ated w e a
( 3) thanianeptien A bareAl AP L TSORRATTNOA HUTIRS qeiwé%%ﬁl%f“f Pa“
thagpffage g@&@ﬁdd‘ﬁért'@f'ﬂ‘\@’éﬂ@eh% -addpess tbogﬁé?’é’[nt’ééféitlhlrﬁ@ margin.

I's enable 0 operation is perforned
Accadditing, the éxterriahaddtessrcanize dwtﬁad iota twee ipertstingteag of two

o s T O e

reakg porating a buffer between the first
part ‘an the sec nd part of the external address to
gua|4ant ebate YWntingdVieein @ygm In addition, the external

{255 AR 558 e iy LR mB30 T gbton, e
( 2) v iMe shoald l?éBbeﬁ%@the proper time, and valid data 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 signal (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 possible refresh
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(3) active (refresh). 4. Late Witing Mechanism.
[0088] To use the pulsed word |ine schene to performa

wowioseosoper ati on, the word |ine shoul d be openpPer/ustve4/022506

proper tine, and valid data can be witten during word
line open. [0089] FIG 9 illustrates a timng diagram

assp&ficdseHaddd bn aiis pehogksigncontetite dliminateithe rieed for
controlling DRAMwite operations. It should be noted

t hacomplicaiad eremonasoniea tigrag aﬂﬁlé?"&bltt%t wite starts in

?2??23}9"1&” W ddimenPof SRAM BoMidatiblecYF1 € SFAN.
Pt andFi@o1 PINeEREicersy whpot dx@apmeembodmemtran BBAM
f | ow ng cycle. The two addresses ri.s .
ol dcempeBlle dypaie AN 0ain pRICHIRE acQﬁtC dXA W%gﬂwnﬂgumd
222&??@&%’:@@?%“&}“8 RAR lﬂ?ér%gﬂca;e?ﬁe PR/ #F 4 %@?RAM comprises the

operation an nstrtute a bottleneck

whi floivivgpblogkef N?arAddrbes Bedfec @ SBL12 anid nﬁrldr’pes)%]‘ferr MSB) 14
over cone these probl sent inventio

confRAGAEs¢dESEN PE!“BB@? )A’Fﬁ%ﬁa %ﬁﬂ%ﬁpﬂlj“%%s g tageived in

S\gnbro?rl)m?h@ @?)ffe‘r%g qf’ﬁ%ér{érﬂopblo@«s bRl &% g 88bb@dre configured
ereln the conplicated situation outlined above can

be firigenesatid) acﬂd)@@é]tralﬁblﬁonﬁetecbtm aA ﬂﬂé@%@rp&g’@lock 22 is

:nﬁ ?Soﬁﬁdrgg%ggp%tﬁﬁ]@g%ﬁ{gﬁ%ﬁs[f %?@‘af ﬁ@eﬁ@d&%@e esBh internal
co nt
Cr TR MR fhped Gty g o

[ 008airdsk€s which Il st embedlmgnt\mynpﬁsm!ﬁ@lmeDecoder block 26 for
enbodi nent ,an SRAM coppati bl e

par fpeedling infeqngl Foy $SeSARN &@%mr?@epgaér bldck 28 for
CO”’B@Eb&hb .ﬁﬂérqg;tcmu?»ﬁﬁ%mgs%gacu ng. The new 1T1C SRAM

nprises I'Tow ng bl ocks. An Address Buffer

[O(IQL’E}B) 12AaBkbckdxbdaf@sbIBuKB@rpr(N\BB$ mMemerdabole salggties soding. A

7
Comuans Aol bipck s g BT o5 eaBleg bt kR ine hgnse
20 %H?pliﬁeﬁtﬁérgéﬁg‘éle@fcﬂ?fterﬁm B endBleasiscl Bapsblites a bit line

det ect'i ons nerator block 22 is configured for
geneensé agpifienenalsle. AnDady A Shimekt Hackdig eriyigured to provide

Idgt gﬂﬁ{%ﬁ%[%ﬁésfqﬁé‘ &L F teor%epnlo?ﬁ/: léell '?‘es‘:{SFa?%ﬁr R E)(étlé)})@ circuit block

38 is configured for providing sufficient delay to guarantee 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 (tRC) or internal write cycle time (tWC). A CSL

Generator (Column Select Line) block 52 is configured for generating column
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addresses which in this enbodi nent conprises a Row

Decoder bl ock 26 for decoding internal row addresses,
w@ar@sa0826¢6 unm Decoder bl ock 28 for decodi ng i nP@r/mst004/022506

col utm addresses. [0093] A Bl ock coding bl ock 30

provi des nenory bl ock sel ection coding. A Sensing

COondd)odt n'ﬁb@%hgr?a@’s yPhilORbi Wlir@@nér@!‘orq%rﬂq_lheﬁﬁlobh &4kt
line sense anplification and del %@czl rcuit. An S/A

enadﬂrrflgbrextfor@enpraﬂngdb@ worei line,, whichseondeols the menaery cell

2@%% tg[jg# ﬁa% éﬁ %y‘ffggbgaﬁgr 08 c%nﬁgmédgtldﬂﬁﬁrﬁé’lly latch the

r esgfpaty Mttc—r@rﬂ%‘r@lboﬁi 38 IsCadinfightetfor 3ivirg then:fatg foradrite
for providi ng‘ sufficient delay to guarantee_maxi num

pageperatiensytinally erRRAN CE sy 6@ i tbeease 6 kneygremory

oo g i &y AR RRAM B AT RARIGE fedBSaRbigr) cels

Opeélﬁi}ﬁag a'&n'eq;@peéwatrgyrecel pt of read or wite
commands. Page de On block 44 is configured to

ena?l1e pRgad faafemandRef resh control bl ock 46 is
oo Sy SR PR ERl. e Sassi i

f 0; a@dfﬁbéé@%@%ggtm@@%d euitistheratidress pertiand preferably processed

refreshes ress Duration Conpar

conlfﬂl sRpesatef RATtieRTSMCN RS 2108t §ign %@?bgée Mérﬁg‘géeasﬂ
B

bl oc& B4l ichanga iwhgur Ralgé Modgein dxeirig pgﬁormmmaer acead command.
I ne

| I's, whil
b: 23%1\%333 rsgpﬁh bﬁ@@&@ﬁ%ﬁ&%@ﬂﬁ%v\{}ﬁ erdp qur?Oﬁfg‘ aread
@E?‘%@ ‘?'asreﬁ‘%gh étYorFein reSp8hse & Refesh %onﬁfoﬂélb@k 46

ock onflguredtomternally atch
theredﬁte@tm@\a\mefmehbplevworbl ock 58 is configured for

dr|V|ngthed afor oper at.i ons. Final]l DRAM, .
[0d88l} A+ ay 60CRSe e aneip i e taRiay Mg el oerations are

W t eﬁ g}j]ay of DRAM (Dynam ¢ Random Access Menory)

cell's, suc as a (1710 cell array. 5.1. Read Conmand.
[009TQ95] Duri ngCase@x Dunn@fa read epératinmihedrefrerb apesafion waits

command, and/ (igi)r adegr ess be| ng received with the
addPBE‘JéhE(‘S@? GRE"HICE 18 'Q!ﬁ processed in separate

[oqéﬁgt ions, suc,as B ABSth RdNhhd erdsHPiq@esMa) inasemilict, the
refresh 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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significant byte (LSB), or other division. It will be
appreciated that only the LSB wll change when Page

wobes/0og3bei ng performed after a read command. PAL/UB2004/022506

and refresh Arbitrator bl ock 48 deci des whether to
performa read operation or a refresh operation. In

respansRiréss RER eﬁéh%ém%m C%éééﬁiédé mm@ttuaygleamormal Mode

refresh operation se en chi

St dayelby then E’aged\ﬂ@@% Stapstorbiasicianil o Aepiash, f only the LB

Opeaﬁqggﬁ l(x,ghf? ge{[gﬁqyc,'l‘eg Fode’ Qﬁg%@&%jr Aert Fggg ?\{1}6@% Bn block 44 is

[ 009¥bI&@SThd RowDdveider bt Mdecfcﬁfdse\&ﬂndrmﬂwwwohﬁmses for
in conflict, the refresh is erformad for the address

glu r BOWGN Lo @ﬁ’@@tlpng Tiherfeolu, groderlagiplesieerdes yahc? internal
cvienersn 6 GTHEHOSLLEBRIGES RS B coltlyfogfo solects o

Dur gdlidome @h@iQﬂodﬂi OTke S@nekrscoris! bibkaasgenerates BLSA (Bit

duration: [00100] Case 1 - if the add I
dur kinediensendmpfi Qfd@@ﬁtrﬁbs@'lbﬁﬁﬁ‘i@égt efe Sfélﬁé]SS'&ég LZ’%? WL

! e s A e B et

[001108102] The %@nde@bl@cR%Watessthe BL:BA eénablersigsal, after

internally. Page Mbdde St an bl o [

gg t \rghtcél a tgadioperetonds padeiead. Ahs lﬁfd Asé‘{’w'?g‘lpﬁg 36 generates
(Norrarenpe TP e il Baded T bslgh| RN oFE!Fe (FOR)
W | Ilalo'@R Fé)lfd)l @éﬂl\l/iti;gtés thé restoye the sighial eihicigdisablestthe wwdﬂme
chagpedTahEy Rtk "éeﬁ%rater block 24 it 58S, By sensing Sontro

| nt §{§>§ﬁ'3ozlﬂg@§ﬁ§§ee§efa% ﬁﬁl@h@&t inGr th8 e ehipBhters a

ecodes va i nternal addresses for
CoI gramddskinoslel ection. The BI ock codi ng bl ock 30

[0%1&45 Fol hitse k\'d%ze"%a"ﬁé‘ﬁa%%@sﬁ*c%me;ﬂmf 4grEdore @ Normal

eé cl§ O{Hehocb M%dégf bl6&t b edRRBRA. Sn the case

The era 54 en he word line at the
appoba maau eommam@the{ citipAgeratien @/turr@rtamrec%&'ﬂwomle read

ener at es BLSA l.e, si .
J commancs hfe the comr%gaﬁl lg ms\’/laﬁg ?Ilwé cﬁ‘lfptr%%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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which a read operation is perfornmed. The Delay A

Circuit block 36 generates a delay tine to provide a
w@oasaos7eed cell restore. The End of restore (BCORYS2004/022506

bl ock 40 generates the restore end signal which

di sabl es the word |ine generated by the W. Cenerat or

bl 058K c5tr&8 4hé IEHRd freblopsrbBRRIMgnd the resld dyperakiodwill be
when the read operation is finished. After this the

chi peréormadswith feda Bosjroafiddock 3104] 1f the address

I\/SB$éha ei th ext cycle, therefore a Normal Mbde

Cyct-€; M Mode Stand-by block 42 is

[oodosfb! _edDuﬁﬁ? bheriteasenmbing th@write commantt ahé/oc hiddresses are
operation returns to processing of the Lead conma

d,

i f beingceeeided with the/addrgss ReriansPTEETA WsOfPﬁe%%%'H-saParate

de. ,.[ 0010 A . i t .o
i
44 (15mnabbetr difisibhe 1Y ocpsreCtatad tizk oaly the I;SB will change
controllin coder an OCK codal n n e steps.1n
£ hewban &AGRIHORB 6% BeMERATAITRG SH85 ¢ LR B ATk e and
decq Ssg\r@lbggatbpbfﬁrcg?flgc ESRRAStHeP o g@%%)a WwhleeSpration or a

and’ coder decodes valid internal
addrersspsoferaticiol Anm(rilSty) ofsedsestdanrdriser ia reepengestd, Refresh

Delay B Circuit bl ock 38 nebat es tglzjuar ant eed del ay
t i nEoRfre/dloGke4® FeRHasERRE '?er%?& MHRIDcle Tine). |If
ess MSB ¢ - WH i0 idTRXtaHAINBSe, ddheshRp@eations are
offI°S; and-byb’%rq’gg'i Wfﬁ%{'@ége KEHIy e oo obe
be defenhed. and the read operation wll be perforned

W th external address ((MSB) changed..i nf.or i If. :
[0418] o con VEASEILSDHIPO EnuiG It 1 Resfandrbtion waits
Del : AR 3&ifiHdd. ol s the End of restore
bl ogﬁtlliagﬁﬁeti?gp%%%gberat lon will be performed with
[0@9)y B ci r cuiQasel Delf both waite antwetrestomauast are froeprdiyt refresh

Dur | i d the wiit and. and/

i Sataried fasdhamantess dudtio SofbERRO g os o'

[0 cﬂi ons TREEA EHabL Yo BIRHRSE@N 8, POS@fetraddRes tiaasitions, while the
SucC

as a nost significant byte (MSB) and | east .
si gI@MDdGaerardl¢tiSEY geoeratesh epmamands. ohhe Addpyratiga

appreci ated that only the B w ange when Page
l\/gg &Cf”@p@@?‘?‘fgbqﬁ%}? F}ﬂaﬁﬂ@sa?(%dgﬁsﬁdpt%@%oﬁnand. Act igve
[o@Piyr ef resh Adidd At githdlaalkesdls dedlideduration:thentpoocessing

performa wite operation or a
continues.

[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. If the 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)

-18-



[¢)]

refresh operation. A nunber of cases can arise in
response to Refresh control block 46 requesting a

wo edoseed13oper ati on: [00107] Case 1 - Wien chi pP@BUSI004/022506
stand- by node, refresh operations are perforned.
[00108] Case 2 - During a wite operation the refresh

Opeéeg%(%t@éé\éﬂhttﬁe \SYliinntEcoMer bfodkiEs aétaues valid inteshaicaddresses
[001 Case 3 - |f both wite and refresh request are
i n foo@oluron(CSk ysalectian. pEhe Blaakecdding biesk addrelaets a valid

duration co ' | 01 T

ol oRETons gy M. | Maaratd sl PP bofIELSY BLsA (it Line
OMs Geae At B! flroP digaaredrit 6thet petamidsigndlee TAwdWL Generator
Dur ation Conparator bl ock neasures address duration:

E Oodlack 5¢asebles thefwerdinedatrtbe appsopfiafatimingur at i on:
roces t ; . ) .
10014a] s S SARAGRM HOHE RO RS e B enapie siihal A write
IS beatatied id tengRafaried) Tise DeldoA rGictuit HIOEK 38lgevikeates a delay
the wite command is conpleted Addi_ bl ock 24 ner ?{
2 med? @Cﬂ@t‘lést@ guareniesd eelldratonp Tlerid et RgFek (657 block 40
rrves e Ite . . -
o1 oosara e enrkicid B sigha Wich gRABfRsMHE G dbherated by
beehesRl Ghhekdisr Eek 63 arkEigsdisfiges Senstrigecordal biookl 32 when

(Nor mal  Mbd | then Page Mbd -
Wt iheberits Gparadion 1 inioheg: ARENEATS BAAHGLENINS ARARY mode.

A3 9 RSB 88 P R0 B i ol

i nt Rrodiel Cysler thenaRe RaigeRrodStard-bythlark 42imdishkled. In the case
Col um Decoder bl ock 28 decodes valid . inte

addota ye parnd iy dup pPséa s tndheebtotraergsing of the

ock:. 3 S ' ! b ;

0 B8 R P ETRN A 4 STy snd by moce

[odersie Anildrly e LSBrohaebesimgtisl sextryclet (Ragerdpde éycle), then the
signals. The W. Generat or

T ot S s Bl i PAgs MBS B NEpHA4 % contoing
o Bl BdLeA ot 18 Renh o RO dcring
bl o&k/H36 thevaitatoesnmaade isgompleted thepRow Beceder block 26 decodes
%Fg&%ﬁﬁgm% Iacljdrreesgfeso rfgr' RJVQS/VE? (éie,l(()afcti(gerﬁa Sa'ﬁ r@ol&ﬁ?%ecoder 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
{PMRC, then Delay B Circuit block 38 controls the End of restore block 40 and
the write opeljation 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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generates the restore end signal which disables the

word |ine generated by the W. Generator bl ock 54 and
wak@sabs3d rom Sensing control bl ock 32 when t heCTMIB1084/022506

operation is finished. Afterward the chip enters a

stand-by node. [001 15] If the address MSB changes in

th% R htédrqhel dIrRPPE§E MO dROSEarilobyBlockag P@g@IModel@ﬂblockM
Igaﬁg% de ut a@g %gé?bl ock 42 i syTgl sabl gd

c awdaﬂeéawlalGnd:uddﬂm@S 1 Keshenidbe petast thab unbls% FH% "1 this
E:gﬁ?f%hgéﬁl”é Or{t 514 Snple ngé%étj‘bqo& bk %ﬁ@g@%ﬂ ﬁovs) be&&?er block 26

remarnsS 1n sta

[ 0034 olifmA MetokBEbloTR 28h at glesult e hetedalat uuylrkleethe prior art
(Page Mode Cycle), then the Page Mode On bl oc

5 enattlrceult of IFIGP&gthisabadimenbeaesaot requbathe ﬂql‘%zﬁ Lhfeh block or
e codi ng then the steps in the
par &Aﬁ%&§%8550rl bing "Wien the wite comand is
[00398P! et eAcédigingoy tﬁ@m%d Wherine metiembdédresats for read or write
i nternal addresses for W(W.) sel ection g

Decmmamd§cﬂ(emwwe(ﬁ§?@é@delﬁhdhﬁrﬁdéﬁﬁaﬁ perdans S5esgrahy processed

Col .y
ol oLy TG §nas st REplfant B SaFand st
10 t P'\/Bgnﬁ‘lBéQ‘BbWéCdESQ)'Cdr&)tﬁen@l)nsldrf Ia‘imlt besapp%:mﬂedrtga‘sonly the
prior to maxi mumtPNRC, then P b
12 G5B W gBanGESNan AA0DMSER NG BoRp SHEH SHoLAdeRRer wite
dd{;@? tion will be perforned with external
a

B) changed information. If the address MSB /
[004a@3 not Thé ik blotkidd géidREles awalidDaddiess idierrallyt Page Mode

bl ock 38 | he
o | Earshby Black i AsiahaRE e R NBUN IeRepaRdiEss THS gk set. 1f
15 bll 0 é&jd’eésﬁq %}ﬁﬁ e fli\e'-ﬁé?& c?%r(ﬁfo'rr‘iﬁ%l Mdd@%ﬂ(ﬂé) then Page

FI G s relatin o the pul sed wor

i nMd@t@GJ?i@hdeby bibck HE wpill MSabladem&mrdyi theNe&Bfo:mlge@nn the next
bl ocks accordin e invyenti

) sho®¥He RﬁQ@MQSg? &VﬁIEFJH?ﬂ 95 %@7 klogk 4§ anebisd-
[0(@@0] f’ageTNB‘%gecb%gieP'b%k ﬁdeé&%%l@%n@rﬁ%lréﬁdrésééyckhe Block

t shoul not ed at unlike FIG 11, this
enbediimgrislodias0 aekictah eallk ovatvorydroakbipeki AdeeSensing control

20 ? ﬁ\ggﬁ@c (;'%eé@%qugge{(qék_sg:@ft&gnq g%”ﬁ? %ﬁ&i{ﬁ gqrﬁi{:cﬁ % gr!g;]s and other

Fl
Ly SRy g e

Accapgromiatetittieg.pul sed word |ine nethod addresses for

[061equo]| or Whletg/A enable block 34 generates the BLSA enable signal. A read or

write operation is then performed. The Delay A Circuit block 36 generates a

25 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 signals from Sensing control
block 32 when the read or write operation is finished. After this the chip
enters a stand-by mode.

30 [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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i re Sq4 it
[O(g{%ﬁg MRi| 35 18 eplcid!

conmands are being received, with the address portions
preferably processed in separate portions, such as a

woreas/0es7g6i f i cant byte (MSB) and | east signif i BemuUSimg4/e22506

(LSB), or. other division. It will be appreciated that
only the LSB will change when Page Mode is being

per b0 WBRY abindkaritl theaship bperdtion returneol thd S@iHISA probessing of the
Addi bl ock 24 generates a valid address interna
R

. 1ar ) I Ty. .
PagreakipaeVdesoammbang| detbesprmapddsinedlidtheeh r@ﬁi/q"as in stand-
i nt rnacg eaddress has been set. If the address NSB
cha g},OI n the next cycle (Normal Mde Cycle), then

[00288 MbdE oflyaihé- IbSB hanged i thiel nexteydies@agedodé Cynley, then the

: Egﬁégg@gﬁ; esizhiaglbaggskggéélpé.ygo:@zﬂ(@%%g[c%%&y%%g)doupled for
Decg(%ﬁ{%l@iké: g@légﬁggﬁﬁlgglg 98 oty Bf&ck%ﬁrﬂgy%loélg 4He38 PEspoHi to a

Bl o Selects a va nenory array
*(3|B_0t95%e ﬁi‘(ﬁjgs@msiggﬁ.lp ’ftwfldiecﬁddsltbisméw irgpage atldesBlaBAdescribed by

| i ne Sense ifier). ¢ | si d h -
B oo B e o2 Rk S e Py ntorna
WOor t . i i i .
worlfRieg, BUBCIDE LRI 36 QUSRS fimin for
r eathaximuiri 1RVREePatedods QyblenTipee)f df address MSBealhanges prior to

SuariBrEaE ERG, BeTorags Hrbeste by BockAZ diErte Mode on 44
bl OBEC&%?PQ%%@@? BR8 the$E44 Br gfr‘i@e 6?8%&%" &R performed with
es e Wor by th

di sa I ne generate e WL CGenerator
bl oektebdalanitiresg(MSB) thangakimomyatont If e addiess 34SB does not

i Shanae A OAREr e SRKE bRy Block 5o Ry of restore

add ' . .
o B AR 080 oy o gL Rty 4 crut

42 blootti 3tapiovitiing sufficient dekyftirae Ver @ guataniesd celheesiniey
operatio et ur Qs tt& t arbf pr ocessi ng of the

A AL e ) 2 . . .
reaé. r Jl‘h.... mliaia - i CO __v_,_;.__l. | S | nval | d t he

Ql.o‘@}(s rEIE8ng [ RSREEh dderafiby of tiee E@Bent
e

es in the next cycle (Page Mdde Cycle), then th
Pagvention OArbaddriesd guraticmetinparatergjeclyblds snowngdch was

4 RSN ofHopt B DLBREREE ot s Bbociment hae -
single Address Buffer 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.
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page node on signal the decodes this new in page
address as descri bed by the precedi ng paragraph

walems00gI861g " Decoder bl ock 26 decodes valid i nP@r/mst004/022506
addresses”. Delay B Circuit block 38 generates
guaranteed delay timng for maxi numtPVRC (Page Mde

[0Ov263 Ti ne). | Casddr-8dshekMip pingstangbyanode, rsfeshoPerations are
t PMRC, .t hen K Page Mode Stand-by bl ock 42 and Page Mode
on 42HPEEdwi | be disabled and the read or write

tion [ r
[()‘DFIQE;* Ichan\éwed ?ﬁs%r@ena@?ﬁrﬁgg th‘tatbg%)%}gfr ess r%%%‘sg%z)erathn waits
changetil din¢ iréad BVREle opemtibrlisfiniBheédr cuit bl ock 38
ol theEdof tore bl ock 40adtheread or
[(&/ﬁ% o;eratl 0 B~ IEE %@ L rl§élf~‘§§ arecingconflict, a
bl oclefdahns 9\éH@h’ﬂSd o ﬁb%oﬂ?éséjggl%\ﬁoh' fngatn'&o
) tl npar e

guaranteed cell restore ress
[003@Pht i onThe mm%perat@r bIkasidﬁldHtecttﬁdnju:éss trahsitiong Whnle the

dur ST e Bt pPa s B e Ak Tiata
in tO@nﬁa?%ﬁbldcﬂ%‘hbggure%taoﬂ?eég ﬁ%ul%ﬁlo ﬁ%foh@@vﬁd“&asses based

enbodi nent has a single Address Bu
i nst@aaddresstiuraiion shomls bel @msiiiedss Buffers 12, 14

G 11. Sl IarIy thi s enbodi ne Zes :
1081301 o ATo corrsd o Tiipe eirEStitcn VepLoNtgson, farderogsesing
Genegartipiies18, 20 of FIG 11. In addition this
enbodi ment has_a single Decoder block 26 instead of
[0Rd#1 Decoder bl Gase 26 ihine atsirasmisoae invelid kength thxh the external

eI o ooldberhlly WBedieg) ol Y @
[oenBpi menivhehGAd284d By Writ® c@nfn@éﬁh @rcde«hplb%cpm@m&b Blb& 24

addresses for read or wite commands are being
r ecedenedatesca validl agddreseinteraliy dinerdeandes(Bew Agcoder block 26

oper At SN PecbfEEREREE) BBpRTES Ve bEHALRadEb&d. The Biook
Ref reualing bitick 0 &6t Afalkdenisamiry trad HGHK esh

operation. The follow ng case oul d be
consi-fer deptedlitesOperation; - wWien chip is in stand- by

BT8R o B B AT T Borion
unt idf thé @remﬂ nWeerht a8t sirRll@bieivtes thatnhs Metire§9HL0A#AIblock and

Case_3 - read or wite and request are in
confP@tg/n L@tch block depicted in the conventional memory of FIG. 6 are not

included in the late write scheme of the present invention. Furthermore, it
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 number 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 Write Driver block 58 drives the write (data in) data. The Row
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refresh is performed for the address duration

conparing tinme. [00129] The ATD Generator bl ocks 18
waledsovs7acldr ess transitions, while the CVD GenPCHUSI004/022506

bl ock 22 generates commands. The Add. Duration

Conpar ator bl ock 50 neasures address duration. The

f ol hevhdg HEGES6 Basstevalrdidtanal sddratsenicRaw @ bpselection

consi dered. [00130] Case 1 - if the address i val i({j

dur@nd the: Colvemn Pecedershlagk 88 Meicﬁ%% valigiiermal @e@r@%es or

BT, TS Ol 555y s

[ Ooﬁg'i% YbesrateBL SAYBRILiNG Sedise dmplifibr) somteotisigrassiand other
t he Add| bl ock 24 generates a valid addres

i ntrelated isjgnatheThe aéfeqq:z@mr@&%% Shable the vk line at the

Col umm . bl ock 28) decodes valid internal
add?%@gggg@ﬁtm&' ock coding block 30 selects a valid

[00ABBPr Y aThas/Aleprble Blobk 34ghet SMowre irtids figuren generates the BLSA
[00133] FIG 14 depicts a block diagramf dscribinﬁ
t heenalile signial e AJWBISRRESALIRN 15 HEN RESRERES: r/dsaH CTEy

sho n d
- Saferifes oy e 1 AR UL R GBradtbel cll ApoRe ThBlEnd of
f'hGresﬁor@f(EtORJ) bloblc 40 CQBthsh‘ov}z]mm thig figume) gensietesitheofestore end
e present inventio
e n et B G LR S by SO Bk
%Pa&’ é@%ls‘iﬁ:oﬁlh‘?eﬁ#?}@] "co}yz{f bl5§53ﬁ‘i‘%te§h°ovﬁv frf t%'issflg?@re) when the
Y, requires only a single
ATW@D@*aﬂbn ]§f|msheea@\fkef tmhéhwsﬂpw'deL%sm by mode.
Generators 18, 20 of E G 11 For. the sake of
f unet onBageMeds Gvgle 25h rel at ed
uits I
O 1y R Bl s
Wheof Fh&e 1/@ |IlU3tram1grpagie modecxmﬂleatl@mg a@d refsesibl ock 24

o3 5o Cuble, bEenTRs e A Bt cxc ey u s Y preRENEE and LsB
ROWQE %@r@%g‘&haﬁ? d?ﬁ@@\ﬁﬁd\{iﬂb' |§I e'nﬁb%rd%id aflgr esneslelay an end
sel ectTon and Col umm Decoder bl ock 28

decofl Btm signalris genetated by@tda@f Restomblagk @6dn)response to
25! Soll o] A A AR B PSR gl cfymatiaty
CongQhe %h@%'rést@@si@hﬁﬁm 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
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rel ated signals. The W. Generator bl ock 54 enables the
word line at the appropriate timng. [00135] The S/A
wep@bloas7hé ock 34 (not shown in this figure) gePeT/EEES4/022506
the BLSA enable signal. A wite operation is then
performed. The delay circuit generates a delay tine to

pr qwgﬂf S?afwagmm a6l khe Paberdodd (On Hodk d# arestisatded. The
(EOR) bl ock 4 ner

| ock ¢ not shown in this figur e es .
t hevorddinerie dmtbS%d.gﬁéhe addassds yali dien &@ g&ﬂ"&‘ ‘Paflt qygle 1is
gegﬁ{late by the W Generator block 54 and signals

fr QUEE;| ng control block 32 (not shown in this

[00?%9}” ?% I\MIWh_bIé hﬁ;l,Wf tHege wmngd 'g:ior activity theméte owtpuéfrom Delay B
I's the chip enters a stand- mod : Page Mde . .

Oy Biect sl 361 aneotest tneaind of 652887 Diask FLRNG i ord e is
dgscgr%tﬁg(g in greater detail aspects of the timng

di ayr f FIG 10 illustrating page node cycle timng

[ooi#gﬂ% ef Hetgﬁoulbcdt%léﬁ@re%gécethm ltlg@ pessent ivenkion maovidge paumber

I C e adqdre L .

chaplgBecamsTS el IeTEaqa0 EndwraicaRAMnaBIaE il sampgptible with
gg Ss?c%ﬁ% %I\g g)ﬁét%&s.s A nehtord SREIRE & cBXiRg & ﬂfeapreient invention

_ _ I'h response’to output from Del
G rgad be lotiligdd Béapplications withoutthesetidstamditere to the numerous

aut tically by the. end of. ' . .
ctoRsTatianlEsEreEs IRETP 10 d enaAN g et e SefRhE mplexity
pa 2 ' b d i
t O%R@@&%F%Wéeé%ﬁ%ﬁq'gﬁgl ?r gsnn\e;\rLatngelr gt (r)ssglogii

[00%3] [ 8glﬁﬂﬂzowsfgme'hdes:ripﬁga abpye eontaing mapycdesails, thege should not

e address . P d . .

e oo pe U s R BNl iy fovian
t heillﬁ%’&%(;ﬁnsoéf épd?ﬁe Bre M@Bfﬂ? BRsteMd Wndisddidntd bEthis invention.

out pu the Page Mbde On block 44 can _enabl e . ,
pr eviiheusforeyitiwili v appréciaied that the scene obthexerassnkinvention fully

bl ock 40 so it doesn'.t disable. ' :

't *ensampaSees R meei b TR R R SrorbR SpykaR dhose sidled

St al?ﬂth@@rﬁ'é?ﬁf‘thé?thess&jp"ea&" tAg -prédertheverdidngs accerdiadly o be

then cycle 1 action is followed. [00140] In Cycle N

contimited ty rothisgratheciendhe pppeRged salss. gh\g\%g refatence to an

PageMode St and- b I @ K

2SO rIaRNe s oy TR e imietiled BpPaRCp NG SRS pGRe unioss

?gldléﬁélﬁzéﬂyﬁsd aldteld thenathee "ad bomasé." chilt serudtural and functional

owed.

equivalents to the elements of the above-described preferred embodiment
that are known to those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method o 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, component, 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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[00141] In Cycle N1, if there was no prior activity
then the output fromDelay B Crcuit block 38 enables
wo b@smaost3of Restore bl ock 40 and the word | i neP€BUS2004/022506
di sabl ed. [00142] It should be appreciated that the
present invention provides a nunber of mechanisns for
interfacing to dynam ¢ RAMOmYMsy it fully conpatible
with static RAM protocols. The nmenory devices
Wheat ioeldimed is t he present invention can be utilized in
applications without the need to adhere to the
numer ous operational restrictions inherent in 1T1C
SRAM t thﬁ@Mohﬁdiv&iiﬂl@a\ﬂ@%fﬂblﬁamwmehildr? detis cenfigurgd to simulate
access speed. [00143] Al though the description above
statiomernag/, GAMPrigEIdai | s, t hese shoul d not be construed

as Limti .invention but as nerely
pr o’ (?irrﬁgqﬁl({yﬂgpﬁ(gﬁbgﬁg&o@ngbne of the presently
pr ehglintechae Bldaeissegdrerafing bircuit cordigired forTeeeiving address and

w || be appreciated that the sr}c?ipg of the present
commanst infarnfationyanshgengiating Nteina AAErRSSES rent s whi ch

may?k&fe%gggr 8%{]@%? {%éeéi\%iBg%‘éiosilﬁ!térhéfjacﬁd}etsg@s 8hd coaftdlling access

t ha scope sent 1 nvention Is accordingly
to §&idnbirit hesndny cetishamg ot her than the appended
clains, in which reference to an,elenent in.the
si ngRaRs TPEgRRerating e ine RuBH R0 Svaadiis JeAgHY when
trigﬁ%:rgd" ?) es)éFJ H§+ddéf a:ﬁ?uﬁtaﬁﬁ%icmg tanMiREd TP P poins BB enaximum
SOV SEturar an I t he

unctronal equivalents to )

cy&b giman {tR C)fwheéreinatmnpaged oavddse or pradimunegagebeeyale time

that are known to éhose of ordinary skill in the art
(tPMRCyhesda PRIPHRSYSor at ed herein by reference and are

i ntended to be enconpassed by the present clains.

Moreover, it is not necessary for a device or nethod

t o addr edsmeawdty @irduibaergcitacoinl dains dbuyherain sgid dyaig memory

resent invention, for_i

cofgeonpeSeasits sy pi Agedlor (BT EELRERERTRERR Bit

conponent, or nethod step in the present disclosure is
intended to be dedicated to the public regardl ess of
wheBher #hmestanymsircyit esrpeitrshin, claim Aefurbher spaprising means for

expljcitly reciited in the clal.ng. ' . . :
oo e Sel s AR bR E| B BAEEpugoct i
addrésdurbiiéns ahdlighdttipibieadtociandeapetdiienel ement i s N
expressly recited using the phrase "neans for."CLAI M5
4. A memory circuit as recited in claim 1, further comprising means for

commencing the 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,
pulsed operation of the word lines in response to page and non-paged

modes to provide refresh hiding,
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What is clainmed is: 1. A nmenory circuit having dynamc
menory cells configured to sinulate static nenory,

W@ owp/00EB6ag: an array of dynam ¢ nenory cel | s; P@IUS2004/022506
i nternal address generating circuit configured for
recei ving address and command i nformati on and

gener at i ggdidakefundiornethpsfsen far igesrriteoperations tissariated with
receiving said internal addresses and controlling

acceddrass of @ndnwgliskienethenory cells; and nmeans for
" o : € .
ahen 1 Bapaifey wifoddaBth rOfARL SR8 of AR dontro

t er gignat.ed i n response to maxi mumcycle tinme (tRC)
when i n non- paged node, or maxi mum page node cycl e
time (tPVRC) when in page node. 2. A nenory circuit as

recihted i ' : [ ' ] : - ircuit is
cont i se e HeyickRR Bolled T Qe IERHEr R I ifefate cir
coRfigiretEoPracehiiig addreSseatarandcontmlisignals eainpatiblerwith static
claim1l1, further conprising nmeans for conparing
rardare @eaesa iy (857 ons agai nst an internal
duration to detect invalid address durations and
ignoring the associated operation. 4. A nmenory circuijt
as rreci t @dmiemary airouit asfrecitéttin dainpbi whatgimsalgsdynamic memory

comrenci ng the wite operation.foll.ayw di sabl i .
colls GpIPESE dringle trvatpt aad capningy(y T HEY fhrcpath meRr? bt
conprising: a plurality of dynam c random access

menory (DRAM cells; and an interface circuit coupled |

to $ai d PRANdnaly|devinedaheaditad it icledmi 8, iwherein said frerpag circuit is

read, ite . and refresh operations incor [ P
copfiguiackior eGiNAGa Bt Rerd Js oM se R SWERIEIoag shytting it down
affe? sl QIR pdddSGdirRger ation of the word lines in

response to page and non-paged nodes to provide

refresh hiding, address duration conparison for

i gngring operatiops.associ at it . L

a0 RGOV RIRG B T tetlp AR SRR Py MRtpg cireut s
corfigarid o8 dfabingshiceweRNidepulsk g dage 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 said 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 said word line at the next address if this occurs before

maximum page mode cycle time (tPMRC) when in page mode.

12. A memory device as recited in claim 5, wherein said interface circuit is
configured for performing said address duration comparison for detecting valid
addresses and to allow accesses in which the address is available for at least the

internal minimum tRC duration.
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6. A nenory device as recited in claimb5, wherein said

interface circuit is configured for receiving address,
wa@lai0a/088786 cont rol si gnal s conpati ble w th statPCT/UsI0d0002506

access nenory (SRAM. 7. A nenory circuit as recited

in claim5, wherein said dynam c nenory cells conprise

a si99l eatrhamerptievicaad resipatint @aing 12 1Whefein saicaddress duration
menory bit. 8. 'A menory device as recited in claimb,
comparigdmisspertbrmeadby aceustardirctiti s configured for
activating said word line with pulses or automatically
shutting it down after a desired period of tine. 9. A

mempyy davwhemong degies] esmprsingai m 8, wherein said

interface circuit is configured for di & bl.i ﬂg‘?ﬁai d

wor @ plyralitymfidyaantic RrgOMEEEess MaMend AN $a5d

nod [ . j r i

o dElEet ol bRt 1o SalBIARY colSand yTRE diouity for
pefbiainytrehd, W amirefebshospathtiods;iamgl sai d word Iine in

response to a_conmand or in r_esponﬁe tofrecei t of a i

sub3ddiesatdusatipresempanisOmcirehilty Fopligyred 198 Ignaring fpergtions

| ' . IS-CiHUAlid f i gured

asfosehaRtn HIGSyBy hich il RELAEE, gf drbiuaiid Rt 5

this occurs before maxi rum page node cycle tine

t PMRC) wh ' [ de. . 12. ' -
Feciibed ArnBmATKBYIcaITS: BFRAIn e fude oruiing's

congi gir Gtef afcuﬁedofnﬁpméwfo? BeffoAAMNES Sirfte! bpeiddn following
conmparison for detecting valid addresses and to all ow
disablieg ©€a writewtvintriol sigeakddress is avail able for at
| east the internal mninmmtRC duration.13. A nenory
device as recited in claim 12, wherein said address

dur g5i on ACRRRMH BRNideSasPRICHEH WR el Bl Fordrasonsprisingt .
14. nmenory device, conprising: a plurality of

dy namword lameigenaretar irciit sonfigyrBRARy geeerading auisesro operate the
wq'gafyﬁ% s F@S&){S{l’l%g;;(t) PR rgﬁrﬁpﬁ@é@’ g@%'\é | {53hVid8efresh hiding,

refresh operations; and address duration conparison

circuitry configured for ignoring operations . )
assddi at ddmsimoryateyicssabreaipd dn claim 16 vdisretn gid yerd line

geigg\éqe{h} %ligrcl,:uel#1 %te{qqgigét%govﬁwgg% :oq %Ylit&ﬁaﬁ‘éalﬁles‘f'jutt Q8wn'after a desired

r
period of time.

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

mode cycle time (tPMRC) is reached.

\ "
19. A memory device as recited in claim 14, wherein said dynamic memory

cells comprise a single transistor and capacitor (1T71C) for each memory bit.

20. 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
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a late wite circuit configured for performng a wite

operation follow ng disabling of a wite control
wak@sahs73d6. A nmenory device as recited in cl aP@r/L82004/022506

further conprising: a word |line generator circuit

configured for generating pulses to operate the word
periofing féddewm@aﬁdtrefremeparailonenarmaged modes to

provide refresh hiding, 17. deyice as. re ted
in @ lateiviite cmmw%@@w&qﬁmﬁ Vi apsration lpying

d|é$c}hﬂ§tdf‘éa\5vﬁ% JHR) @}5 gs or automatically shut down
atte

a desire perlo ‘of tinme. 18. A nenory device as
recited in claim17, wherein said word |ine generator

g}{gﬁl t d| sabl esréef&%&mg%gqutle yei%ga %@r}kﬁ%mpgsmg
g ea%{?ﬁ]‘f’esé d%r%aloﬁ riéoﬂedﬁ‘cﬁﬁplac:o @El'récfﬂ)r'l@h&* e Bbéﬁhhons

wherel n sal ynam nenory ce nprise a single
assbeiatedivith sziddessesachitbaré iddei@d 6ban swealid demgihy bi t .

20. A nenory device, conprising: a plurality of

dynam c random access nenory (DRAM cells; and an

i nt eyf acen ﬁﬁérﬁHNdéWé@é@?edﬁédﬁﬁ'dl’alwf@ﬁhéﬁc&ﬂﬁnsmg

having circuitry torperformng read, wite and refresh
opereaWomhne gadermtoreiEuirdaniigaiactior geseratinguruses t operate the
ormn wite o alonfollovvln I sabljn
Wil r@sdb Avsmnas rpade # haltnafist ot BLORYIELR sy hiding,
in claim20, further conprising: address duration
comparison circuitry configured for ignoring
oper2d.i ork marson clrasit having dyianeisseemany eellseenfigured to simulate
ceived of an.invalid length. 22. A nmenory device as

t?@%meé'&"'b’nc%mﬁr'?m@o further conprising: a word line

en%@éﬁé%@fﬂyh’émwmﬁncﬁyb@ﬂ%fOr generating pul ses to
operatet e word lines in response to Chfgead

non-gratjéernabaddress genetating ¢|@M|té:§|ﬁlflgpm r receivipng address and
o A BT o o
dy nagriecoapsrdincuftdor mcew’hg saidrineinalddidesssegearef edntrgling access
circuit configured for receiving addressand
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 and which is terminated in response
to maximum cycle time ({RC) when in non-baged 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 the associated memory operation; and
a late writing circuit configured for commencing the write operation following

disabling of a write control signal to said array of dynamic memory cells.

24. A memory circuit as recited in claim 23, wherein said dynamic memory

cells comprise a single transistor and capacitor (1T1C) for each memory bit.
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15

command i nformati on and generating internal addresses;
a decoder circuit for receiving said interna
wadaseswes and controlling access to said dynaP@T/US2004/022506
menory cells; and a word line control circuit
configured to output a word line to said dynam c

nenpsy WReRembhogevies! abyesridindssind28, wherin sainsord line control
which is termnated in response to nmaxi numcycle tine

cirquitre configuredroherdipalled iIfrRRPONSE REBGHIM |%a%mnse to
t n in page node; an address
rec%%)ﬁ,gipiés@ﬁegpgﬁ{lﬁ gg%fl gured for conparing external

address durations against an internal duration to

detect invalid address duratjons and_i gpori.ng the .

asséi at BANGBRBY 99\69%|a§tr%‘ff?d nrjalgn agt @nﬁﬁ'? %ﬂ@hword line control
ir&idi6 Wohrg QR f Extt ARy riEs fFenhigRRIcakd Be¥ore
Clr@éﬁ'ﬁ%ﬁhﬂg'?%dsfggpgﬁg cﬂé%at?\@%‘é??ﬁéé l(czio)r(n r signal to said
ma&inm@y pgediyodsioycleeime YRR wHah, m/pawrmogiem rcuit as

recited in claim23, wherein said dynam c nenory cells

conprise a single transistor and capacitor (1T1C) for

eachy e ”Rrr?ﬁl\ﬁ@fptgi- cﬁff?gtaeflﬁg% ié‘u_‘ilﬁi’[y o d?ﬁahﬁﬁatrﬂ@m Bccess memory

clarm 23 ine"confrol circuit is
celtsﬂnfeﬂelnrmﬂaddrdse datsadricecontrol isignate comprisin@onmand or

oG MgpeueaiEder et sshd MEmT SV oA EFRT wofdinés are
avécngqi%rdrggfrggﬁb ghatfonscuit is configured for being
I sa

next address if this occurs before
max enalblingpg evard dise chrca givenraccesPIRE)SpAmea to ebqgj@g that the

oo ) Bl A B B RER Bl i v

tinfeddhgss, data and control signals, conprising: pulsing
the mord l'ine for accessing nmenory wherein other word

| i neen”ann@l(mgaalmﬁlee)ne@ﬁthfbaﬁ%rswedw‘étﬁéiqnéf%S'Q@ﬁla?dl‘ﬁ“’i?gb%ﬁn
di mﬁ&%illne for a given access in response to detecting
IS8 ‘the duration of an external address signal is

equal to or exceeds the mninumtRC cycle tine; and

commencing a wite operation after the wite contro

si gnal s have been di sabl ed.
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