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WD 2004/ 070786 PCT/ US2004/ 002612 DETECTION CIRCU T
FOR M XED ASYNCHRONOUS AND SYNCHRONQUS MEMCORY

WORERATI7&N TECHNI CAL FI ELD The present i nventiPCI/US2004/002612

rel ated generally to the field of integrated 5
circuits, and nore particularly, to circuitry for
detecti ng asynchronous and synchronous nenory
operations in a nenory devi ce. BACKGROUND OF THE
I NVENTI ON A cl ass of nmenory devices called

PPETHTTHOA CIR MBINOFYRMEXED RISSAICHR OROUS A NB \WYR@SHRONOUS
that are functionally equivalent to static random

access nmenory 10 (SRAMMGQRYiQRERABI®Nhave a nmenory

core based on conventional dynam c random access

menory (DRAM cells. In general, these nenory devices
SROTRACOREE in the same manner one woul d operate

a conventional SRAM As is well known in the art, a

maj or di st iThe tpresenb étventon tidh eclhted gqnp&ﬁlyotfo thenfield of integrated

cells is that DRAM nenory cells . need to be
pequits gandampie Ragicudarhye bp EC UMY Fﬂréiiewct%a%@ehr@aowaané synchronous

I 5@}4 s do not. Consequently,
%@@ugaé%ta clﬁ?ne%%}ge%ﬁ%es i nclude internal refresh
circuitry to performthe necessary refresh operations
of the DRAM mermré core. However, refresh operations

BACKGROSPE? OFt TH WN@NH@N so that the devices

appear as nRot ne fresh rat Al t hough

t here appe§ dfl n%%ggvﬁ%eg '#EOI aatm S‘egwﬁgﬁﬁ typically
AR RleYiced fivat 0&&8 ffuﬁé’mﬁw e@iﬁW@IeYlt Ge fs@atibe edoM Qécebd@nemory
need for periodic refresh operations to be perforned,

(M) adewicehowivigave asimgniofy caret basdd anmt qgvefgntnqnabtdmmc random

frenprpempr AP BB e SR Bahere ot dediceS po beprsmigs in the

%%Xm?é’r R wduld Sﬁh@atg %%%n@efnn%nﬁm NRE ¥% wéll knov%‘ IYthe art, a
one transfer gate nd a storage device, typically a

mamcdusttmctmn bemmereﬁmamo uypessctfcmanoryeceﬂis tis Gfat @RAM themory cells
25 contr ast vent j onal rmrF cell s.can have

need jg %og}c:ﬁl?np%li@lt t@rrgalﬁtéq,n t data; whereas SRAM memory
%M'id agg! ldonsé(ﬁ%nﬁi( ngé fdeLhle trHérﬁ?lgn(ijevﬁggl aﬁdec" Iétgmgf refresh

menory ate Into ss conplicat

tieduitiypas Werfogm piho cesesksry mfidsic opsago@nf the [DREM memory core.
fabrication costs when conpared to the SRAM nenory

Hewpver) iefiesh pperafions pie ravpaed towberoey 50 oy g1 devices appear as not
RSebing¥eR0H JrSibas.

Although there appear to be disadvantages in employing a DRAM

memory core over an SRAM memory core because of the need for periodic refresh
operations to be performed, there are, however, significant advantages in other respects.
For example, memory density for a DRAM memory array can be much greater than that
for a SRAM memory array. In the case of a DRAM memory cell, only one transfer gate
and a storage device, typically a capacitor, is necessary to store one bit of data. In
contrast, conventional SRAM memory cells can have as many as six transistors per
memory cell. Additionally, the simple structure and smaller size of DRAM memory
cells translate into less complicated manufacturing processes, and consequently, lower

fabrication costs when compared to the SRAM memory cell. In turn, memory devices
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2 enpl oyi ng DRAM nenory cores are considerably cheaper

than SRAM nenory devi ces havi ng equi val ent nenory
w@apaoitses. In an effort to integrate a DRAM PENDS82004/002612

core into a nmenory device that is functionally

equi val ent to an SRAM devi ce,, t he operati onal

di fferences between the 5 two types of nenory need to

be addressed. For exanple, one difference, as

previously discussed, is that DRAM nenory cells need

énfpldeing SDRABN el 06lics adrt Yeonkidetablyd aheapers tiine §RAAM memory

the menory cells will be lost. As a result, additional

deviceuhavigg edvavaless manpsy crRsgitien t he menory device to

SuPPO & ShpB S BED bR ol ARGl Ebmory dovic
idlifircabRdBLefilse fo an SRRAW JeBIEB) the GRERtIGMA dFfBMNE between the
menory core IS t hat once a nenor Yy acCcCess oper ation for

tero dyires e inhaamerly nRRAM benastdnesgede drae evamplse gumdifferamce msipreviously

I to b I dat il .
TStet et DI cppceeds doed o £e gesred aftingliselpogy the data
o DY 16hbY Lallst RAT BE AN, REiNGksRR! b B NBust be

respeCtive charge state of the nenory cells for t
inctidedatre thel menmny aleeics ensagpan defreghl ppératibnsAbut should maintain
g}grg&}i cular nmenory cell is selected by coupling a
redg e RnERATENCY A HFtUSElut put | i ne. Consequently, the

el | _
and the scbtez B E BRFch O SRAME e B Enll WDRAM

nikih@ycete e th&tadnder @nmeorywadceise Bpératibhdopar ¢onsehtéonal DRAM
menory cell. Following the read or wite operation

TRGIBOTY SRre bas bRt e eBiiTesacpess guale mieodt lodhe edruilote g data will be
ar t t\hat reLri.tiall. e 0 .
oy 3 % PR Ebad¥ichib RebbEolith 708 A AR0S el dp the amay

beth@ doEmed, &Rl 1he redective GRS dhteYof thd @Wmorl REIIPFRCGRS Activated
of sensing the charge state of the nmenory cells is

rewsare ehsedeand ynpkfigl ¢ He pDRONER owsygy opl|ie sekected by coupling a

SHOEBL TRy B b, Lo b o A BBgth o e
268Vt Rfw hitPrhRGhIeYRE @HIuBVYs a¥bedsbedDO€AL BRI time atd'can be read from

contrast, for a conventional asynchronous SRAM nenory
ogawitien to theepartBRiv semety colbe Fatldwingitbe read od @site opdratien, the row

nd does not. have th anme_type of access cycle. as a

oB GRS SSTIAIS QR ot DU G Se RS mi el gstped and
aFBIREY ardElefel Bfea3psliborlof & 1§ HR"Y general
devi cearvvi t hguf@?tiﬁfngﬁ%er eset r?ctnlroon? aﬁgﬂ%aa als a Vbaggnera ly
kexweg thedptosedseofi sdnsingeitle ichame cstate aifnthe im@mbiyesatiafit alestructive.
ThistineistypicaIIY_ .
Unless the DRAM access cycle is completed by amplifying the charge state and
properly deactivating the row, the data stored by the memory cells of the activated row
will be lost.

In contrast, for a conventional asynchronous SRAM memory device, the
SRAM sense operation is non-destructive and does not have the same type of access
cycle as a conventional DRAM memory device. Consequently, random memory
addresses may be asserted to the SRAM memory device without timing restriction, and
data is always expected to be returned in a certain time thereafter. This time is typically

referred to as the address access time tga.
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30 referred to as the address access tine tAA WO
2004/ 070786 PCT/ US2004/ 002612 3 Yet anot her
wdizbd4arersce bet ween nmenory devi ces havi ng an SREKRIUS2004/002612
menory core and those having a DRAM nenory is that
access tinmes for DRAM rrermr;gfcores are generally
| onger than the access tines for SRAM nenory cores.
Asynchronous access of a DRAM nenobry core requires
nore tine to provide valid data 5 because of the tine
required tyetCihe!t @iffeRRc@ MepfigenC Miehfory Aldvitey Miving an SRAM
conventi onal DRAM devi ces often provide advanced
ey scaipdad thosedbevriagseDBWM agemeanycissthat aeaess tinmaclor DRAM
as_page node access,, vali nory addresses
P Hrafott SESNSPHEY Dot Hecibrrdanss Gt uRiM mempry cores

ASasHrbnodshBod¥s BF MR AAGESSory IcBR r@éui?es'?ﬁd}gﬁimqu:ﬁk&ﬁfde valid data
will be limted by the setup tinme for providing vali

baeatss todthe timmmc_buiradi do ewsmpiste i abeesn cyde. shltioughsamyentional
R b R O S DL 0 R e s
sB&H hsogé\tjg% d;gljogi KocebgNatid AMathoAA4GarRisee %ﬂt@?ge A ﬁtggl'eéset% HoSRied for

to pr orter average access I mes
cacty dath raocessls ABRAMsdRy the asinirvnicyesa aibes 8f b imdsoryalevice will be
SDRAM devi ces .are_ generally | ower because the

lighifsd) BshhegseBip time dn aroviing Vol prd sieblsrimemptyodddressesy svhich in
S : EfCSJe‘E,'Uangcjll?e%ae%la%Flﬁé&%%germry access operation to
I i)

e execute ara as wel | known in the art.

Thi s al | 08nélgonARVDRBIVD (SDRANIPAE ScesOwhch dPeratdtaBébrding to a
prior to the conpletion of previous nenory conmands.

pegodic closki signabashave ipinelinedspRNkaciBed oepyovidashqnteywiverage access

R B POV SEAETEL SLBA o
afle YiReAlyNRVRr edafsd th! pifelifiRX g%m%rﬁalnxﬁﬁngﬂl 8pdRticiRMallow for

be out put each period of a c k signal after an

diffrerit stagaeabs PRAM esanary abass opdratiomieds execysedin mhealkehyas well
menor.y .addresses .ot her than for the first nenory )
kP%‘z%eﬁ;( 8 a¥h s lows oy 0¥ tesratry emRRRGS 2 P iTRigted ppioy to the
. e .
DGRy R By AR, 2 £ LRSS v
car proividie rhedes dopomtion that edtoelsseplic2&d Dedeirtayidheonous DRAM
af orenent joned di sadvant aaees_, in many i nstances, it is

cQmiprpariyy e §0 SAnple. o> RRpMb © dedte BYrshmpida gvhgre new data
LTI RO, 108 AOHATLOGE RS s ot
nedd tordviye tiainesiary aklrasal oty thdnYor the first memory location. That is,
data stored at the starting memory location is accessed, and data from sequential
memory locations are thereafter accessed without the need to provide further memory
addresses.

Despite the aforementioned disadvantages, in many instances, it is still
desirable to employ memory devices having a DRAM memory core for the advantages
previously discussed. Therefore, it is desirable to have circuitry that can be employed in
a memory device that provides the asynchronous functionality of an SRAM device, and
which accommodates the scheduled events of accessing a DRAM memory core.

Moreover, in many applications, it is desirable for the circuitry to automatically detect
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a nmenory device that provides the asynchronous
functionality of an SRAM devi ce, and which

weacorrmmodat es t he schedul ed events of accessi ngCa/UBSERAM002612
menory core. 30 Moreover, in many applications, it is
desirable for the circuitry to automatically detect WO
2004/ 070786 PCT/U82004/00261f' 4 whet her an
asynchronous or synchronous nmenory access operation is
requested without the use of a flag or dedicated

veiier ah aSrdRRhohd\Gt syhBiSbhditSerh 61§ 20EIID byerd@on B&eduRsted without

expect an asynchronous or synchronous nenory access
thpeseaef oflag pndedi¢atecheantiol signalithatonsiructhethe peenheryidgyice to expect
such i%rcuitr can be used as a conpani o qsvice Wi th
B ROl 5 SYRGrOng s BYEGIORY Pesis ORFAEYY eDlegaamer, a memory
W@%gﬁuﬁréﬁ%% D ddaeshy idn"YeRde! With kRisting types of

irected”to a nenory access node detection circuit
cohedntidedlendmsorgridviced.t i at es nenory access nodes for a
menory device receiving nenory address signals,
control signals and a clock signal. The nenory access

' ' gt 1 ncludes a node detection

%gﬁﬁyﬁ&?Y32§?H%gggpﬁggﬁyﬂe menory address signals, the
control siTgrapssentiiiehtien ¢ dizéctsd gnalmerhbey aedss mode detection
detection circuit generates a first node detectjion ..
cicyih dhat idgtees pdrigitiates TREBYIY RCCEF DROMlSS dind PPmany dgyige receiving

n\?\%l (rg la%dIOegs gg{uhé rc%htrsloggr;aﬂsa#cpg cl%]::k GRRLS ofhesﬁgﬁl bﬁ accs\ss mode

can tngrcdte an : chronous access Teques
dekcayn eirb@t idclides thilodt Meled@f cirduit HiRt EsRDIY tAE @fBifory address
mode detection circuit is coupled 15 to the node
sifmalse the eanteolrsignals, anbithg sloek stepsl. alhganedeadptdction cirpyt generates a

555 A e o P 5o AR, Qs o
RHCRADindRBR RELRIL] sidhelsTRERhA8H ﬁﬂﬁda%‘ar?dits"yﬁéﬂrbmfdérab&%ﬁ request.

generates a second nmode detection signal ® to initiate

fa deley oinchinfidihenmoindyd acihe ssenopE ratesomoile detestponamuitas coupled

receip 0 a, second onbi nat i of contrql _signals .

t fhr mhoedetrdionciiguk auf grFaios,f AEAY L) Tafle dFtectipmgenal a time
C t -t i Vi

PR IO B EERNER daceloh SRRANES a8 Firsl e acces

opemets. Thentodeeertetiayciaondt filaks gratrapenacadmd mbde detection signal

del ayed first node detection signal, in effect .
e aMEale; ah@ecf’% mé’§9 ARARYH AGECSH CREFHOR HY TSPRRsEith gegeipt o a second

cNE:Qno e [ ) a el p of .
L G T R R LT
sPRereddue Acdeds ﬁeq]tresirp [y regiPotis6 o feREi®ingi the séend Mbdadidtcetion signal,
signal s, control signals

the delay circuit resets the time delay and does not generate the delayed first mode

—q

detection signal, in effect canceling the asynchronous access and starting a synchronous
access instead.

In another aspect of the invention, a method for initiating a memory
access operation in a memory device receiving memory address signals, control signals
and a clock signal, is provided. A first mode detection pulse is generated in response to
receiving memory address signals or a combination of control signals indicative of a
first mode memory access operation, which can represent an asynchronous access. A

first mode activation pulse to initiate the first mode memory access operation is
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and a clock signal, is provided. A first node
detection pulse is generated in response to receiving

woreomny7eeldr ess signals or a conbi nati on of coPCT/052004/002612

signals indicative of a first node nenory access
operation, which can represent an asynchr onous access.

A first node activation pulse to initiate the first

node nenory access operation is WO 2004/ 070786

PCT/ US2004/ 002612 5 generated a tine delay follow ng
deRerafedr 5 ttinte delag foBewingNthe Ufirs e mofle Sétaidn Mides. A second mode
detection pulse is generated in response to receiving
detastion ouddegisagensrateda its sespaase WorAsPivaRg arrlesk sigral and a second

control si | s indicati.ve of a second node nor
GRRERoncpE I Fontl b anfiop By SEaRC TR nRY ohigry access
JpeAieACKhRA -cal R&preRECN SRR IrREsbiRh. STIREEBnd TnddB @Btection
used to suppress the generation of the del ayed first

b’ dhesnased do syppirese the gemration toff dteeddldyed Sastonodadetection pulse,
%.@Cess (g eration. BRI EF DESCRI PTI ON OF THE
1 EHegOREneds memory SR8 ock di agram of an

asynchronous/ synchronous detection circuit according
to an enbodi nent of the present invention. 10 Figure 2
BRIEYX DESCRIRTION OF GHE DRAGVENGST an enbodi nent of a
delay circuit that can be used.in the detection
circuit offigigdris afunetiong} blogk jdiaggan jof 45 |asyncpyqRgus/synchronous

[ 31 |: [ [ ' led to the
e e T
f uncti onalFighreck idh agn@ivnef bcRatiigran «f arp efi®odient of a delay
device 15 i1ncluding an _asynchronous/synchronous
cifstib ghat e bg ysediin thedetsetomeirany AXigHpddi ment  of the

b esert LT D008 o AR Bl i
tRé dtb@onirduit DEFMD DESCRI PTI ON OF THE | NVENTI ON 20

In the follow ng detailed description of exenplary _
enbodi mentBgwe 4tise funeiiomal blopk dragfase efe@oitonnelteemenory device

ileRE Roen car e EhBRTRYs desSe HGePang o & cmbodimen

oTRRChEdent BXEMRIAry embodi ments in which the invention
may be practiced. In other instances, well-known
circuits, RKgntriols a fingiialad blemkdlidgramndg ppcahpoeat systeayv ecluding

not been, sho in detail in order to avoid
memory devices ofvﬁgure 4.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of exemplary embodiments of the
invention, reference is made to the accompanying drawings, which form a part hereof,
and in which are shown, by way of illustration, specific exemplary embodiments in
which the invention may be practiced. In other instances, well-known circuits, control
signals, and timing protocols have not been shown in detail in order to avoid
unnecessarily obscuring the invention. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention. Other embodiments
may be utilized and modifications may be made without departing from the spirit or

scope of the present invention. The following detailed description is, therefore, not to
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enbodi nents are described in sufficient detail to

wepablb®7shose skilled in the art to practice tPEI/US2004/002612

i nvention. O her enbodinents may be utilized and

nodi fications may be made without departing fromthe

spirit or scope of the present invention. The

followi ng detail ed description is, therefore, not to

WD 2004/ 070786 PCT/ US2004/ 002612 6 be taken in a

bleittitdhni iAGh BRRER, seafy] ahh eheswope oO thet fresept @Bention fxvdsfined Bnly by
is defined only by the appended clains. Figure 1

the appsedeskdsingn” asynchr onous/ synchr onous node det ection

circuit 0_agc. t o _an t of th

ivent | on T TLP R s R Rlorhs o RERSARN circui
100REQYEE s itd ai ciBOBENESMhE Brebdid invehitibhl NThd @Redtiown circuit 100 can
equi val ent to an SRAM devi ce, but uses a DRAM nenory

beemployad ima njenfyey éﬁpbatha@d ﬁﬂmtllmfﬂé/ aipiaildnt edHRAM device, but

Si gnbw ﬂ%}%ﬁ‘}?ﬁ?yg‘?gr!?ts %Wg%?eéfmlalgtglgrgte ({' %zHI geflow a significant

b%ﬂéiﬁ 'ﬁ&&l@é@é?é&%&lh&ﬁ%% tﬁ’epﬁfeé‘én't et OiEisRE GGlohAc detectlon of
circurt 100 also allows for the nmenory device to be

saphratoas/asynctonomo updrytiars Ik | detdotioh witediti 100t &lgo allows for the
detection circuit 1Q 100 is asynchronous npde

gy deyise & pe Qreratpd Syeehrnonsly @f Wikl rlasiyded gh%trs getection circuit

PRSP PR BRI RIREELATE 50N s o
ah® c@ﬁtﬁnla@mlmmmumedo de ﬂqmtxafetln@ Figuiré € lthé eyntdol @1gna1s provided
i ncl ude conventi onal contr ol gnal S, such as a chi

t hemsEndirgfipas nole, eéﬁfftlalaj GF@EE’N Ounephsdegmvemwl cqmro? signals,

tQut .en bl e nal
Qi 8P, PR Asadadaty HEbhoNE03 kot Mg svna
OB tah@la Giigdahabls s@ﬁalaW‘E*V eTh® Wst&ri gned”, mﬁfb@tesltﬁat thB&espective
S|gnal is considered active when at a LOWI ogic

corivad|signpthes ADBIRYE low singh dha iane signaldEeonsidvyed active when at a

PR st el e ORREPH el Bt B AR Qb gma W

sigﬂalk BR &RlEfidnal akd %%Bwﬁ B9 thoe OF BRI LPOUE iNRHEt,
tection circuitry 120, which receives the CE*, ADV*,

OE*, and Vaithei g’rc&lcbd ffhthe detestjonc kirowio UHOnisd eynchronous mode
dféﬁ%t i ey h0 v adgy B, CEL AR RS g Qb+ Slenifl. The
bl Mdd r(‘féi‘éch()}{ ,é,'lr%QinryolZ%%E& ?%'e%ivég a odtd OBck gf‘gnal CLK

e nenory ev ce. or exa ronous

tiche tiendeddyy thie rsgnitronoud Zﬁbdeldeﬂdctldlemraﬁﬁ? rab tsisgmuhkonize operation
| at ches (not shown) that latch the logic state of the
ofthe mgppry deyice.  Box expmples g amshionons sipda gistacon circuitry 120

iR ICI)IIYC&)&SSIQ’I 1 ali]c%e%t §llloqﬂﬁlthatsigt%ﬁ tt?eslogc]: stgte gf g CE*, ADV*,
OE*, and WE* signals in response to transitions of the CLK signal, such as the rising
edge of the CLK signal, the falling edge of the CLK signal, or in some embodiments, on
both the rising and falling edges of the CLK signal. The asynchronous mode detection
circuitry 110 and the synchronous mode detection circuitry- 120 are of conventional
design known by those of ordinary skill in the art.

It will be appreciated the previously described control signals have been

provided by way of example, and that alternative control signals may be provided to the
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signal, or in sonme enbodinents, on both the rising

w@ea40A7Bé ng edges of the CLK signal. The asynk¢iF/Oszm0$£002612

nmode detection circuitry 110 and the synchronous node

detection circuitry 120 are of7 conventional design

known by those of ordinary ski'll inthe art. It wll

be appreciated the previously described control

signal s have been 30 provided by way of exanple, and

hfigkhidhb @y RaddeV Bete@ibnl @lrcEirg NAICS AHBVhD sy RERBhIRA ridlie detection

the WO 2004/070786 PCT/US2004/002612 7 asynchronous

piseiutry é2@ withowt departing tfroym th:t@cmcbflﬂimeprssantmv?mﬁms Lmde

detection ,circuit.r Wt haut, departin romthe

scope of tl‘i\ereﬁrfegl%i‘ﬁ{er ijlﬁgéﬁlaiseﬁmlﬂg?‘&fnr @@H%?qcﬁé’fl cigpyt j180. The
£8h 1 Bigds int tecti i L cliiife ¥9ggh

r?éef res géédlilt? gélot %13%%})%80 g‘ﬁ p]llegﬂvf o£ rﬂélclgéc] ve as%u‘iessgNC from  the

RiynSiroAGMNEIokE odatédtien &radtyyndhoonela prlse FAALSIISYNC from the

circuitry 110 and a pul se PULSE SYNC fromthe _

SIS D GRNtED eIt i & uiAs Wil be. explpingd in mwre detail below, the

[ i et ai I r esh tiner 130
BRSS9 DA cho e A G EP Buld, oy e e
&gy edgbef tedhiti(Ne, Rdgent FELSESASYNCSulsesth the asynchronous
recent) PULSE ASYNC Eul se fromthe asynchronous node

wede cdetestior i qixeyiter y 191 0Homsviery dn | the reviehie aeDERSEaSPNICSpulse is

SRRt b o PR e B T R o e e
elbgddsd, Mk reffagh tigler 250 whil 'EE&esé’ggldl‘éléabti\%@ecf ﬁ)sﬁfevé}@ d PULSE OUT
LSE OUT ul se om

deactivated to prevent a PU p fr el ng
pidlere framebking getegated by b rdfesie tinke8030A A woe-impiuitBoolean logic OR

Bool | ogi.c, OR gate 1 [ led to receive the

BOR 420 % S5 B ieelt S B SO b R SEEPNE RS fom e
. _ ¢ . . .

S5 R0 16 SRR SRR ARAEN ) [ o

oupgl edht ©Rgatel U® arcoapled taipr@ndea aeivaidn PulsSEACD PULSE to

conventi lonal DRAM activation circuitry 150 in order to

qovertugnal DRAM @glvatiopesingtitinl 30nin qréer tDRmitRieearRogessiPeration in
RAVIGRE, ckground, a nmenory access

tglg?r ation |(§ryi%\rélrétl@§¥ %Ig“?ﬁ a conventional SRAM device

by enabl i ngy twey SRBMIGeMInae awinkMonh addekd \bBefatibNVik Qfiitiated in a

20 level) CE* signal, and asserting a menory address. _

GoRvesinmabPRAM deviemby cazblinpihe § devige wgthdart active (LOW logic

' SRAM t hat t he

L0 €3 B, AN ohebPS, BRAREY s Spbital s pv-
sifel iy peedob agkas o thO BRAN thaiBt ARimddy 288Wss is valid, and can be
latched to initiate the memory operation. The type of access, that is, whether a read
operation or a write operation is executed, is controlled by the logic levels of the other
control signals. For example, a read operation is typically executed in response to the
WE* signal having a HIGH logic state at the time the memory address is asserted. In
contrast, a write operation is executed in response to the WE* signal having a LOW
logic state at the time the address is asserted. With respect to a read operation for an
SRAM device, read data is expected to be returned from the memory device a certain

time after the asserted memory address has been held valid for the minimum time. The

maximum time required for the read data to be returned is typically referred to as the
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operation or a wite operation is executed, is
controlled by the logic levels of the other control

wa@nalress For exanpl e, a read operation is typPCHUB3004/002612

executed in response to the 25 WE* signal having a

H GH |l ogic state at the tine the nenory address is
asserted. In contrast, a wite operation is executed

in response to the WE* signal having a LOW | ogic

state at the tine the address is asserted. Wth

h@ERAChcdess BnlecAd. OREMRLéRAt hHevPRddreRAN A8¥i&EbefbfiPthe access
data is expected to be returned fromthe nenory device
aperetiomiin comiptate, atht grevibes ageey bpetatimniy ybartkdll end hasw access
been.hel d vali (% for the njni r,mmf%t' me. The 30 _maxi mum

PSRt Nitated ok the meopy lpceiianyolthe Bevly@stsried addrgss.

typical ly nef 4 6
PCT/ US2004/ 00 %ﬁ&s%ﬂggg?égg@ ﬁ?c%ggﬁfe?‘ang‘z oA memory  core,
msﬂin@m&mmﬁﬂam i thed3BAM mdmbgf @T@istd‘&sa@aﬁ&$Peration_ That

operation is conplete, the @lr evi ous access operation
155 VA8 2 1eW, ofgAemeryaareserdshe dgffestered &y thementory eglisepf that row

r . I tj of 1. serted address.
A eeOi R Ry 36 hER & wHRE IR Yo PR SRR R Ry to e
ceihpletio® cACHRE SBEMGyTRIFBIsY cfeRs ALAD A Srekult, tiP§s 1RBIRRI dase that
core is a destructive operation. That is, en a row

eenvieatiena) DRAMcoemeBocoresase dat well suitestifonyse ememony dgevices that

2l ls of that .row are.e ially. erased,  and st be
W b8 a2 s B G B M i aRbRRE B gy mionon manner
FOGBIA! ieModf abddSs BEIROhsAGA SRS iflAbE in A SRARS Webice! tThat is,
is typically the case that conventional DRAM nenory

elthrough dhepreviously|desgibied sidudtion of sissertingne new yneahaty address prior to
@ngat 1? will. be accessed in the manner of an_SRAM )
VTP 08 R SeMEFIOPH o5\ IEHA d% sasH igeammpatGeh by gonventional
| .|
TR UL R PO QRS AR GO nEE s B LR IR i bore. s
pievioasly exphiineds ser ddstrgetive navwirs®ian Yaceedd opsitipii ife a tonventional
]é conpletion of a nmenbry access operation is easily
AP FORS TedBiiRAsthal & FemorSRIvrHeRAstipnctbptes initipted must be

I t, t ' ent | [.. DRAM r are.
Y8 2 Mo PR T ARl BN 59 o
anomonriate hpekailf arDRAM eheaRy ebiel Wilidla coRbMARBINMORXM memory
core requires that a nenory access operation that is

inffrfacat ed must be allowed to conplete or risk |oss of
data. The tection circui 00 can be .enpl qyed to .
acconmodat gﬁ‘? ﬁgteﬁtéoél geutt m ENBr P48 &ﬁggﬁﬁﬁtlﬁ % memory device
e Bt doanattioRAMRIBVIOh ¥motyné 6 18 C@nvet? rdd¥8nfiP 8dduRA address

circuit 100, however, can be used in a nenory device
transitions, which conventionally used to initiate SRAM access operations, into

scheduled events that are suitable for conventional DRAM memory cores. The
detection circuit 100 further provides a mechanism for memory devices having
conventional DRAM memory cores to be accessed both asynchronously in the manner
of an SRAM address interface as well as synchronously to provide the benefits of
conventional synchronous DRAM devices. The operation of the detection circuit 100
will be discussed with respect to an asynchronous access operation of a conventional
SRAM address interface, followed by a synchronous memory access operation, and then

a memory access operation where an asynchronous access operation is immediately
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operations, into scheduled events that are suitable

for conventional DRAM nenory gores. The detection

circuit 100 further provides mechani sm for nenory

devi ces havi ng 25 conventional DRAM nenory cores to be
accessed both asynchronously in the nmanner of an SRAM
Fslwedy HEichRmBuiccd dpefitioRY ACRIRIAY §éc%s§R% 1! tHE includes
the benefits of conventional synchronous

trendiisenang fom apesyachmonows tot hgyndeorots memoiy sdtiess didbation can be

widl di scussed with respect to an.asynchronous i )
5@9@@%‘6 fsr At PBiedomode C‘B’ﬁfﬂg‘l‘?fli oﬁ‘?é‘?bo‘am({% Rfgthespresent invention
bhitbRAaHAAR, dét@%f' tﬂﬁﬁs@tl&ﬁé B SRS LR USH IRITAEY FBEEES detection of

operation, an en 30 a menory access operation Where
asynelsrgnaisr amb spchnness npeTAtcass iopelativRdat 8k il without any
2004/ ﬁ7078 . PCT/ US2004/ 002612 9 fol |l owed by a

SXIRTRE Y AEpied Elags thabiwstragt i gremory devise (o @xeelsaither an asynchronous

g@%%ﬁ&stﬁa@gw;&é;sg%gera{i&fmsi tioning from an

onous synchronous menory access operation

can be referpediously adiscussddx ed nivnstey ORBERL tPBn SRAM device is
Enbodi nents of the present Invention automatically
Haliated upem astivatioghe memor dletisd dyopdrQWi 6FE . sigivhtand sisserting a

BEhBEL Ml Ty M B PE S Y e A ioay paiieds #t o LOW
SEPRidnar thd agacirbAbusi MSdd #%bctidn TRERIDY OVidneratl LXPESE-SYNC

ei ther an asynchronous or synchronods nenory access

ppeg that tnpropiied te vhoreftesh tiner 138 dol initiateethe tiyneadad &g &, t After the
n SRAM device |.s i.nitiated upon activating the )

ﬁ@ﬁglj Y ?F@S(ibblearem @E*ers]ﬁén&?neéar‘iiﬁ és%g?gEx@Uaﬂ pulge that is

DREY tREEELER OR p\p BAN Dotivati

POTRCY (RGHE RS OR B [40RapE O MR RO R SRANE Setivation

ernags d66.e & reaspomsierte uedeiwmglthe AEN RTALSS, the PHLAH- RY¥NGion circuits

ﬁ# se.that is provided to the refresh tinmer 130 to

AR ap KECeSs AReIREPAyo e memogy lqaglon dn jthe DRAM gmemory core

S8Rt D RGO ST, STV g g oo

AChitRUIBE pul se to the DRAM activation 15 circuits
150. In response to receiving the ACT PULSE, the DRAM
acti vati onlkg velyet of thegefigsht timee 130 wilt oxsv dpeesglaiond.  The

B8R TR | GRS RIS M SHE p o e i
1@§pONEd (D RRbiviEPS @R ehaablyOMdrdss, e birtile¥s df Qhether the new memory
address is being asserted prior to the completion of a memory access cycle. The refresh
timer 130 inserts a time delay tq of suitable length to ensure that any previously initiated
memory access operation will have sufficient time to complete. In the event the refresh
timer 130 is reset by the PULSE_ASYNC pulse generated by the asynchronous mode
detection circuitry 110 before tg elapses, the time delay t4 is reset so that the delay is
measured from receipt of the most recent PULSE_ASYNC pulse. By selecting the time
delay t; to be long enough to allow a memory access operation to complete, the refresh
timer 130 ensures that a memory access operation will not be interrupted prior to its

completion. That is, since the time ty is always reset upon the receipt of a
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The value of the refresh tinmer 130 will now be
expl ained. The 20 asynchronous node detection

w@reogi7d78/ 110 generates a PULSE ASYNC pul se i PCT/US2004/002612

response to receiving a new nenory address, regardless

of whether the new nenory address is being asserted

prior to the conpletion of a nory access cycle. The
refresh timer 130 inserts a tine delay td of suitable
length to ensure that any previously initiated nmenory
PCABFS AFYN@ N, hd kefR@N GirddH 13 bftest IE ah O GT PULSE (ie., a
conpl éte. Inthe event the refresh 25 tiner 130 Ts
PEHSE_OUT pelsPUnGE dECpowided tgethe rRRAM hgtivdion circuits 150 in
asynchronous nmpde _detection circuitry 110 before td
é?%ﬁ%sgs@ theyassertien of @mgmery addresyamy sager than the\emgdy hgs clapsed,
- i pt P .
NGOl BAGE, B sdprdd o TG, § FBy bk operation 1o
komgleanoughat gartddlawembodifeiy oACtheSsreperiavdmidn] @he delay tg is
conplete, the refresh timer 130 ensures that a nenory
aprresiEnabely 122 nHvkich stiloalloyes fost & menisre dlepice mnpleying ¢ DRAM
ﬁ{%nﬁ)?g;rg&g% ﬁ%’é’ a-lr_lrh%ges' ﬁmg]:ct' ng he tinme td is al ways

rese pon recelﬁ Y004/ 070786

PCT/ US2004 £00263 Zllush@teR Ry hONE tREbrS20 thhcanSld Behided in the
timer 130 ensures that an ACT PULSE (i.e., a PULSE

fresh timse Y 3Qi(Figureot). Béhepdetayi aesdit 230 tindudRaNplaclity of delay stages
' it 50 | tot ti f

ST Bal® 459 s 20 BROR S i & St o, urthet Bad a delay

WG, ARSwIll BY le@Main¥d Gh S SRehil lbefio@,e Lﬁlsste? dirb @it hdtWofn) also

menory access operation to 5 conplete. I'n a particular
mebuldd irethe refreshtingyvall detuseditoemsdt thre, dddyecicbaitaimdr®20s$n response
r axi mat 5 ich still allows for a nmenory. .
@’E%F%‘gm&?pf@ﬁﬁgs‘gﬁ%e ﬁ%ﬂ*? SEGHEPNOBS Fivde dgfecher gigeuit 120.
. ovaf e ) . L
ey 8, S Sl AL B4 000 B e
W80 npFbgutiscudged Witk respleeatytocibecddldy 2i2€uitl fifilet!@28 i@ order to avoid

plurality of delay stages 10 240. Each del ay stage
sonseessanly camplgating the despraptipnrefdles delaspeitcuitdmacr23t her

has a del a L ' xpl.ai ned .in mor C
detail bel %W?%‘%ﬁr“ésae@a%c%‘% ?ﬁ’(P%%‘?ld%%%‘}tp‘gl sigal that is similar to

ihe Gigneleshpilied tdherdefafamut tek apt that ttlis BElapRes) 4 BmERSETA first delay
the delay circuit tinmer 220 in response to recelvVving

Haga R4sEressine el MELIE oMY YNE signad lat betbuts daaleinpet end resat input.
ircuit. 120 Ho th ircuif, which,
S, BB BN b SBHG S, R Pl 8RS o e

Qd14y owipiit dTRhSIHrRCiaaS 8elaybthbe 245 PR redc ithE o FEIRYS the delay stages
circuit timer 220 in ordefr to avoid urinecessarily

Hhis| doupled rig redeivedbe PULSH &S YOC stgmallehdiyhecdalayuotitput of the last
glélzrtg/e srtagzezgto is coupled to a first input of a two-input NOR gate 250. A second input
of the NOR gate 250 is coupled to receive the PULSE_ASYNC signal. An output of
the NOR gate 250 is coupled to a conventional pulse generator 254 through an inverter
252. The pulse generator 254 generates the pulse PULSE_OUT in response to the
falling edge of the signal output by the inverter 252. The PULSE OUT signal, as
previously mentioned, is provided to the DRAM activation circuits 150 through the OR

gate 140 to start an access operation to a conventional DRAM memory core.
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In operation, a delay stage 240 provi des an out put
signal that is simlar to the signal applied to the

wa@ledoap7i78ut except that it is delayed by a tiPE/USHI4/#02612

first delay stage 240 receives the PULSE ASYNC signa
at both its delay input and rgset input. 20 Subsequent
del ay stages 240 are coupl ed ch that the del ay input
is coupled to the delay output of the previous del ay
stage 240. The reset input of each of the delay stages

240 i s couph Bkrhtiod, @elelsy diR6it PRb SEnARYNCPSI 3R LUBPEse a time
t he del ay out put of the I'ast del ay stage 240 s

delap faedier theafalling stigé ofthe mokt reenhEULSE A SNORC patse. ZhOtime delay
A second.input . of th ate 250 is coupled to

i PP KR e e BURI el ot OARRed it T8 240 e effor to
NRIGR L& pBRRidrS of QP |d€ﬁ|1%t Qrcdit CEIY %gg%ﬂ@l_ldﬁgl%) alfctgg been ignored.

generator 254 through ah I nverter
tenevat or w2lh begappeccidted thah some! thae RUlISke @illed to the time delay tq

FERET el R 3G e 202 DA B psvoc
RS A58 3R 0ot REARCR L By SR i

opatiag itentime dklayany Ghbt ok AN GEEPEMeE 046 in WR chain, its delay
2004/ 070786 PCT/ US2004/ 002612 11 In opeération, the
erapai,will g LOW 2aefigetefalling cdgerefi tBE POISEy WSSENG pulspe The delay

SRR A S0 S R85 g o
biiputsoMh&first @elagielagy 2061dTRES, BRGBIIME AYe 5t @E ?’llﬁfg%_AISYNC pulse

an effort to sinplify explanation of "the del ay
wilt tigkle thepighdhe clpin of delbastagdsd vuntiébeing mpplém. toShe input of the

SBHEATE 1o e A S M FPRE el i
HFSU}HY Not WhENthE 'El@la%i 8Lyt (l(ff: the ikt d : éz%g%f%g\égﬁ%g\ﬁ% occurs tg

ASYNC pulse, onthetalling e
Hier sleg; falliveg etigeayf thd POLSE_ASYNASsigiead,uwili thg outpait bf tR inverter 252

de t That is, for the first delay stage 240 in
SHLO o hen 1 dag ospor. dinipibe S @4 O aciaics &P IS OUT
ﬁtﬁée'.i ng edge of the PULSE ASYNC pul se. The delay 10
out put of the second delay stage 240 wll go LOWNtdd

after the Ihathkigvgnteslgeconti RUTESEIASYNCOpifigys REeiv&Eby the delay

first delay stage 240. Thus, the falli n? edge of the
%@E@é@&sh@%eptbp etimig eount hak plapserlr thegielayhgagas A4 offthe timing

i, .bej l i the i f
R e TR LR A
apdirpiatreontd® the view PILZOANASC palkR! NRY redliCrhe Nebuntdown will
until the delay output of the |ast delay stage %40

bpgis agayy inwesrdnsode the falting 2dgé tofrthe mewf RULISHg ASY¥C gfulse, as
1%1‘%818\5) IgrS ?QEYe'ﬁC.: S.irgne%ebt, V‘Qh'eI pltllrs]g gelflte alfgr %f54t \rz]v(lall not generate a
PULSE_OUT pulse until ty after the falling edge of the last PULSE ASYNC pulse
provided to the delay circuit 220.

A more detailed description of the delay circuit 220 is provided in
commonly assigned, co-pending U.S. Patent Application No. 10/102,221, entitled
ASYNCHRONOUS INTERFACE CIRCUIT AND METHOD FOR A PSEUDO-
STATIC MEMORY DEVICE to Loveit et al., filed March 19, 2002. It will be



go LOW When this does occur, the pul se generator 254
then generates a PULSE QUT pulse. In the event a
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circuit 220 before the td tim ng count has el apsed,

t he del ay stages 240 of the tif1ng 20 chain are reset
by causing the del ay output orf“each of the del ay
stages 240 to go HIGH again in response to the new
PULSE ASYNC pul se. As a result, the td countdown w ||

*g%%’gééa@g ahdivdver, tBSAAD SRR Hile 138! dah %’clﬁ(gegge.lgﬁ ﬁﬁaﬁt& O¥her than

ASYNC pul’se, as previously descri
dfat eloiwn inHEge 2s thatysrves] Htrown54thedel df ondihargaRAT iattke at.
PULSE OUT %wlse until td after the falling edge of the
| ast PULSE "AYRRSPRiI I & SYASIIORONS MEMOR029cReEs elaraijon, the detection
Eir&fit 1 bo 28QuddR Eﬁ:oggﬁcfahloﬁg d@?e%ﬁ{n? QE&&&PIOIZ(} &t 26h B used to
circuit 220 1s provided I'n comonly asstghed,

titigie aghichgpniduSmeRRlre Bicedpicrathi 0Na donveh6dd) DIRAY memory core.
entitled ASYNCHRONOUS | NTERFACE ClI RCU T AND METHOD
Math refpemapio. Fignatd, chevemmbiatiym, p{thetlogic deals o conttol signals and

LB Podss S it P B ShBliaud meesegn ciruiy

120 rigisibtet sudhr anl 3Per@ddn.i NThel dencHIndYUs ThddeUibteotiddt Bieduitry 120 is
than that shown in Figure 2, that is well known by
epysatieral oy dusteas gndthieldesign of hytabte syndiirohousgspdcdetéation circuitry

chr.onous ry access o ation, the_detection
B OBy TR R85 B2 et 088t PSSk the core
drhikidhtidnyofi8Qict SeHal CHNhE RomtPALidls, and PlolisBfof a CLK signal, the
synchronous menory access operations o a conventi onagn

HRAMorrewsDeontod ciEcuily tdenereter neELSE S YN QG puiselthatt @rovided to the
57D 2 B SR I B A e v
RVIME HRAMH SHFRAEN %‘ﬁfcﬁﬁé 159 bl te ¥R o%ﬁé’ lh@la% !tfg‘én ACT PULSE,

such an operation. The synchronous no detecti
whichunitintes #iRndrg aceess wethe DRAM memdest@s., Iewill b&eppreciated that

tglessié,grlﬂtrof sui t abl e synchronous node detection )

F ryfiFirpyous omede dP@Ct{‘?ﬁﬁhﬁC%t}Ytlﬁgs@‘%ﬂe% iipimal porikdl| signals (not
' o Vi correct ..conbi nation of
%Hgé”?lkgﬁ%?%‘fﬁ%?ns 0 e?ﬁ’g%?/ oﬁméf B@Feg Aradr o F g, Lo, cgflgﬁo Giecute a
synchrknaisgh@mory ecess YopelHtioAOUSow@hé Ghe Ghtefial tdottrol signals are
generates a PULSE SYNC pul se that is provided to the
Goayerdional immaturgoangh §atehsotlORegasowmdn ofdher toesvdid i impecessarily

l.se is provided to the DRAM activation
e Pty

Atough the OR gate 140 as the ACT PULSE,
As an example of a combination of control signals that can be used to

initiate a synchronous memory access operation, in a particular embodiment of the
present invention, a synchronous memory write operation is requested when the CE*
and WE* signals are at a logic LOW, the OE* signal is at a HIGH logic level, and an
active CLK signal is provided to the synchronous control circuitry. The requested
memory address is asserted, and the ADV* signal is LOW to indicate that the memory
address is valid and should be latched by an address buffer (not shown). After initiation
of the synchronous memory write operation, the ADV* and WE* signals can return to a

HIGH logic level. A burst write operation can continue as long as the CE* signal is at a
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15 which initiates nenory access to the DRAM nenory
core. It wll be appreciated that the synchronous

woree/odesect i on circuitry 120 provi des i nter naPCT/US10049002612

signals (not shown) in addition to the PULSE SYNC
pul se shown in Figure 1 in orger to execute a
synchronous nenory access operation. However, the
internal control signals are conventional in nature,
and have not been shown in order to avoid

DOWCRERAIdVEY and AnOREGHICIRI difiRu 118 \R&HQN to A% hchronous mode
exanpl e of a conbination of control signals that can
Petegigendcirayit 128i ti at e a synchronous menory access

operation, ,in a particular od] f the present

i ﬁvent i on, 4% E&?H@H?%ﬁ&?}&mﬂi‘sﬁgﬁ\i%ﬁfﬁ% abilsh gegerated by the
* . * } t . 1

0 e Bt el S RO I BIR BB iy O el

25theddR \getel4K. shgwill bé sxplaiovd deldwt thetMELSE rEYNORBAUS is provided
contro| circuitry. The requested nenory address is

Instesettag refuesly tipask 1 3(hoelory @RWSESOU@NI%IWy‘Faﬁcﬁ"é%b%g?‘?g&ted by the
. ! |
LR o o8l SRR AL ERE Pl vy

shehsyoahmode detectmtiituiity 120 iopedak ithctthUB@}z*Ku@s@do initiate a
WE* signals can return to a HGH Ilogic |level. bur st

frchongpemgmppracsass operatiphiiamadialebhg as the CE* si gnal

is at a WO [ 070786 PCT/ US2004/ 12 13 LONlogic ..
evel and SROREpT oL 7 pilecham ety (0 e fyrpdanod Gheration

#INBHERIINUE] Wt eelcHRES RS the finfihg Gildgltaml@iﬁﬁigﬁ% Prey R Hiagram
nentioned, the PULSE SYNC pul se génerated by the

Blpgestes theuslative éimieg of vimeusciigrals appyied 20 thesdgteasiondétuit 100 in

%o %he.re resh tinmer 130 as wel | $s 5.to the OR gate
AEHOREPT Bl 2RRBIT AR BEPEWCAY RECTRIRISEE SKRShERTIoYe memory

%vﬁtdogsévét%d TR RS8E diddten L &sL3 td Behe é%?hc%ﬁfb&rexgapg%%example,

PULSE OUT pul se can ever be deéenerat
atidrehoul@ Mot Ibesintapietelhas Bulithis BENEeqpel ofe ther presér dnténtion to a
synchronous node detection

t he te.140 by the
W%‘ﬁﬁrﬁ?@’oﬂ%e‘ﬂs used as the ACT PULSE pul se to
initiate ar,sy Y, oper at i on :
L o ARSI Y658 RS ¢ o
providing 2LOWK éekicrizdel OPesighilqpe., wm? lentge)e mbﬁing%&mbfy address
refer ncetothg timng diagramof Figure 3. The _ _
dratioling the A ™ sienaldv@ W ledndinate that shq memoryadsgessfinput is valid,
' ' li.ed 10.1h .ecti.on Circui
R 0 RS R T SRR SR iR asc
R0€ it feont® toAths B SHNOUhe MRAMITY address, which begins a time delay tg
330 of the refresh timer 130. As shown in the timing diagram of Figure 3, the time
delay ts 330 is approximately 25 ns. When the time delay ty 330 elapses, a
PULSE_OUT pulse is generated at a time T1 by the refresh timer 130 and provided
through the OR gate 140 to the DRAM activation circuits 150 as an ACT_PULSE puise
to initiate a memory access operation in the DRAM memory core. After the time tas
elapses, that is, the minimum access time for the memory device, the OE* signal (i.e.,
output enable) is made active by changing it to a logic LOW level at a time T2. In
response, valid read data 340 is provided at the input/output (IO) terminals of the

memory device. At atime T3, the IO terminals are placed in a high impedance state by



wite operation. The timng diagramof Figure 3 1is
bei ng provi ded by way of exanple, 15 and should not be
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invention to a particular enbodi nent. The
asynchronous nmenory access cygge isinitiated at a
time TO by providing a LONVIOGic |evel CE* signal
(i.e., chip enable), asserting a nenory address and
strobing the ADV* signal LOWNto indicate that the
r}g ARAOBS SsigrdaPW al BICH b 1401, Th ASYRGHE8N@HSce is put in a
node detection circuitry 110 (Fi gure 1) generates a
Mﬂ&@ﬁf smvm chmgugthle (CH edguhtoea HiGHHegiadovel. t Tlontimé T8 hepresents

ddres whi ch begins a tine delay td 330 of
{ﬂ% Ouiélﬁm%ga%ﬁwcen the tining di agr am

of Figure Y 330 Fi r@xiBtel v
25 ns. V\he%‘t g%tr%érerge gx?ﬂé}é Sél()gjgo e ggrséo el fJ'E'é'[(—:) from the
@i}ﬁiclmnhs&s msmgenascasseodd toaa Eyrr@ro'ﬁbubmeﬁﬁtﬂ’y raeéerseﬁh)de occurs on
timer, and provided 25 through the OR gate 140 to

fl}‘?eﬂm 8k pf ther ¢ Bk Segnad deliawving @ time d4, lwzlse thalGE* signal
t then d

EchcT)D'rr{Q; alésgtrzg, &A{ﬁ?f@ E}%(ﬁ%ﬁfc?ﬁ}zesw?%{h%eﬁlg 0s es%%f tl?ﬁs will be

ﬂis&ldﬁkﬂﬁn&ﬁ@&&&tdﬂ Betow,0vhenhiRe (IEW@fg‘z‘laﬂféébﬁl@s a&tﬁi@ abHHe time T4, it is

signal (i.e., output enable) is made active by

avamgH iapt |at1 atsﬂloarqmygs; meoyy Reoged opgratipnt Wikeberexecited until a rising

tead data 34 vi ded. at
RIS CR ey Pap AR iR RDSY T Rl at that time
Ne a’%yﬁd}ﬂ&m_ﬁg méhSrylacb Rl dPeftdion id/cBndd@geshd A s gndﬂr&{bus memory
I npedance state by WO 2004/ 070786 PCT/ Us2004/ 002612
aweatSeqp@ra’qxongs tm@atelEmSt@a@}nIIIWlﬂd)eaappIeGthdng tho$eeardinaribngktilled in

I arrRG G TSt Gt 31 qnp%tﬁrqgfgﬁfcfﬁt & @rmisfam time of 25
hd OB é'[a?ps% %’n@ %Ifenﬁlﬁe e ey %?beet:&ﬁ I'é[ HeMde &‘E%ﬁﬂhe time

access cycle. In the prese exanp mn I'n" Fi gur
Bhert liee tisiagsédgecof the oBLK hedgnab 1a$lwecﬂedon0tl&nm&0ﬂ1y asynchronous
access node to a synchr onous nNenory access node occurs

@ﬁmoﬁh"é’ci?ﬁissqpﬁ&“% deat ¥ aspymeddiofhaze beray inttigiadovidlrkgsia in ithesDRAM
t or
Rt bior et o s Bogom 2t Ve o

wi l | be dAthd:Sﬁ@ﬁTa JthemietoeledSiide iDehabied BeHanERe tKdTogic level

sign becones active at the tine T4, it is assuned
fgl@ GR* aigpak ky B@&\ﬁs%m‘rye apewion o@emch@at@hbwstrbbmg the WE*

f
SERBLEY, Sl PSR bR bt 6 SbV et octffea LoW
fol sihal tHab theafREE PAOLESyAIB Y tARE TS Sa %@ﬁﬁhbﬁ‘wﬁ&: operation in

cancel | ed, and a synchronous nenory
the DRAM memory core is initiated when, in response to a rising edge of the CLK

signal, the synchronous mode detection circuitry 120 (Figure 1) detects the active CE*
and WE* signals and generates a PULSE_SYNC pulse that is provided to the DRAM
activation circuits 150 through the OR gate 140. The memory address is latched on the
rising edge of the CLK signal as well. At a time T6, the ADV* and WE* are returned
to a HIGH logic level, while the CE* signal remains at a LOW logic level to indicate
that the requested synchronous memory write operation should not be terminated.

At the time T4, as part of enabling the memory device, the asynchronous
mode detection circuitry 110, which also received the CE*, ADV*, and address signals,
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access operation is initiated instead. It will be
appreci ated by those ordinarily skilled in the art

wao bai/owtes e the tinme delay td 330 is approxi meR€l/yS84/002612

ns, a maximumtinme of 25 ns can elapse fromthe tine
the CE* signal becones active,at the tine T4 and the
time 15 when the rising edge ]o the CLK signal is

detected. Ot herw se, the asynchronous nmenory access
operation that is assunmed to have been initiated wll

bl i genératet 41 @ UDRAMASYRNIO rpalse0r Bhd @1 RSE Nsm HuflNe0R %éﬁerated in
Menory access operatl on. At the tinme T4, the nmenor

Freponse tostheaBT signel beeranige rastiveat Itheitiend @deland ofh 4dyachronous
Bt 350 b A e 8% et i B et e
h@n&hﬁﬂo@;&ﬁ@fﬁb@dac@&g IpRAGORYS irtifod] in ’gé ERARJP %njro%gt% by the

signal that the address input is vali At a
ee@;m@nrqf e BUMSEL ©Udppulst after the tlmenelwmmem raypmtcsE SYNC

d
efié Setef B S Sipptabh B 6raiis AP o cchimedl pgncels the

ded FisgiiRorous IfleRio heE AT

andegenerat%s a PULS S@E@ @fér%fotnhat I's pr\ogt%—@d\g[?@ pulse is

adtemDiRallly %Eneaai‘bd atekgonse ko thld laksertidnQofithe Rdgdr) AR As a result,
mepory address is |latched on the rising

140.
‘glgtgfgﬁséi tlﬁf@r ctlﬂé Begdindhe duneydelay. aAComseguenslyTdn qrﬂ@ WQDVFevent a
mﬁsﬁ\%u%fﬁﬁeehﬂﬁlnﬁél{lg §%E% Gl_|d| 191&:&98{1ng ghq m}c 1tlsh %emory

sitgnal” remal ns a

Wwhitat oIIehﬂlolne ot Sdpreyioakly @i@d&eﬁﬁm&ﬁﬁat% lat eheORBEALS, YRe refresh
shoul.d not be termnated. At the time T4, as part oOf

EReI1PRgist Frectransr disehled dw, thqqé’msmmse (g@nemnﬂé by the

SEUFSAA S SN P h S8abSSBESE B St s mver

deadratd3290hé B2 dmed B30M | | generate a PULSE ASYNC
pul se. The PULSE ASYNC pul se is generated in response

to the CE*Atsd fjmal Theotmdaty 3t presenadn el kermiddds isdlaghed and

h ous. access operati on I's started on
xﬁﬂée%r et[tﬁ g)ﬁa {qwﬁﬁ%%@ igr% cpgesperding go the memory address
1ABNETCHY 98 Qltge MBMOAY pRGS Q{;}i] S 4
t he DRAM nenory co?e by&tﬁﬁ/eeié%sgéndér ileotrlll%ort;é ggggdfg’élms at a

IQW fogicdevdlt e tshmhrormm detmayryt dried apersion awlULOBtinue. The

SYNC Ogul S ener at ed the synchronous detection
PR ef%gy apcess PP‘?F@ 19115 Q?ﬁﬂl?é?lémltlﬁed bgjrelyaming the CE* signal

t@%ﬁt@ﬁ%@tﬁ&@l%& GBSR RS Lho Iahsylllc hgrbcﬁglér%?@égh%ccess can

pulse i's “automatically generate
ascsmplishehbpdisitlimgnBnOLK sigdr.ess. As a result, the

refresh timper will begin the tinme del ay. Consequently,

in order @‘éguije évidlngtrages a portion of a memory device 500 according to an
embodiment of the present invention. The memory device 500 is an asynchronous
pseudo-static SRAM that includes a conventional DRAM memory array 502. The
memory device 500 can be operated asynchronously or synchronously. The memory
device 500 includes a command decoder 506 that receives memory commands through
a command bus 508 which generates internal control signals within the memory device
500 to carry out various memory operations. The command bus 508 is also coupled to

an asynchronous/synchronous detection circuit 512 that is in accordance with an

embodiment of the present invention. Examples of the signals received over the
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10 PULSE QUT pul se from bei ng generated and
interrupting the synchronous nenory wite operation,

wakiogh7@s6 previ ously di scussed is initiated atPCES10041€02612

T5, the refresh tinmer 130 is reset and di sabl ed by

the PULSE SYNC pul se generateP by the synchronous
node detection circuitry 120. a result, a PULSE OQUT

pul se is never generated by the refresh timer 130. 15
At atime T7, wite data 360 present on the 10

tenmandl bus 508 alnehigd @Pd ABV4t Ot O heROGallLAN JN.
t he DRAM nenory core corresponding’ to tﬁveﬂ n%%lra%’ ds" previously
dergribad Hoatevpiedt will bheppienmteliSy hosporitnailglskilled in the art that

' whi | he CE* | ' t LOW
A Y T T
vas 508 Afli v Rlepdid ?ron?ﬂ{bcwogg %g;[h%{:%&%' 1?1981? 021. Rew and column

operations can be term nat Fhi Ng
dgeralsigp@lstave providaititd agadirése baffer SUbtth@RBoPAeRAC500 through

to asyn onous nmenpry access can acconplished by
%ﬂ%‘%‘?sis??és 52@ a&L""F@ﬁﬁéﬁ detepiden @rapitijlRustrates a

portion of PRIR deyi 0 cecording to.an

embodi mantAgf t he %llyeg\é%c F(?Tvg%?ai%ee.“?ﬂec ‘Hﬁr@lzdéi‘?PErétes an

500_PULAE pasdgeriolinitianus acpeswgeraibitd the SRANbA Rty 5
es a conventional DRAM nenory aFray 5182. ¥h82-2§“th0ugh

i nclu ! . .

HFEWBP%Y desrribed s being prayidegpe MR AM atiyation cinauits| \0Figure 1), as
: . e devi ce 50Q i|ncludes a
SMIEREORYEY o FLOACT RIS A0, SSmaDtet I bbamaed decodr s
tb limiciigh, memenNaREHE ddemti s 9BNE | '

oo ool BRE i ML) Ak gLty
the AGTa P senab e3n egierouided trsaltefimtive ormdditioral $urk8ndl Hlocks of

al ed to asynchr onpus/ synchronous detecti on
A iC(?Ig‘ﬁe?lﬁg% STEmory i%gwicﬁ \g]g]&(&l? @EINg; fremy thezgeope of the present
ievepcigh.nent of the present invention. Exanples of the

signal s received over the WO 2004/ 070786
PCT/ US2004/h¢02@121d dBunnratdresses wse pRFided Byl o@8fess buffer 510

D CE*, and WE* signals, as previously described.
f‘?&o%é‘%?él}r}g by Py B‘E‘?%%p‘%‘ée@f‘dt S §9d tsh 6elemur dildrass Hgcoder 528,
&bbdtvet). | Mdnligy .ch the particul ar
rs?ggalglpy%vide?h%%ggﬁgwﬁ%ﬁgggﬁ eé@%éﬂ%ﬁgm%$gp'&ﬁ@MQYSOZtO
povndraredd datestoS8atwidutpun OuffdesY Vialf 4 Biput-hepSCORs bg% 55HE Write

d resent i.g%enti on. Row and columm 5 address signals
‘P praBplich e the memenyrEsy 02 ftherugh rodath inpie brefmridd and the

TR A A RO A S RS PU R 58l B onds o
ntehryl edmatandagylied 4o theddofB/RERAL R Bberform various operations on
the memory array 502. In particular, the command controller 506 is used to generate
internal control signals to read data from and write data to the memory array 502. The
data read from the memory array 502 are transferred to the output buffer 534 and
provided on data input/output (IO) lines 550. In a write operation, the addressed
memory cell is accessed and data provided on the IO lines 550 to the data input buffer
544 are stored in the memory array 502.

Figure 5 is a block diagram of a computer system 600 including
computer circuitry 602 that contains the memory device 500 of Figure 4. The computer

circuitry 602 performs various computing functions, such as executing specific software
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ACT PULSE pulse to initiate an access operation to the
menory array 502. Al though previously described as

wheing7psovi ded to DRAM activation circuits 158CT/BS1904/€02612

1), as 10 illustrated in Figure 4, the ACT PULSE pul se
Is provided to the conmmand degpder 506 to initiate a
MeNory access operation in Figﬁre 5. It wll be
appreci ated, however, that the ACT PULSE signal can
be provided to alternative or additional functional

o pekgmOdpecific CARURAbALHAhKIE MPAIIGGY, HSEcHMFRGYL stem 60{) includes
departing fromthe scope of the present 1 nvention. é

The of swrainput devines GHdsedsesa heyboprdpvoutded by theh@mputer circuitry
Qg e buffer 510 . {o deg ﬁ{?n by a row address

Gi bnliovemonsraiOL odnietiaee Wi eSOl auemo g ypically, the computer
ERERE BOD VALY incNRIZP" r r | & L0C M 3

are couBI e%ld/%ng t he dg? ?c{aryﬁbsfrgz t tv%érv'é)c\%s g 6r %thiegla@a%teocomputer
airciatra 602t mah olotfut devib&typicallpbéing utdisplaypdéviekt OnbYs more data
540. Wite data are applied to the nmenory array 502

PIRTASE JRVisesLiSare Alse fypilly spuniaditofhe computecipauitny §02 to store data

' i ' . nd, control |l er .

g% iée@t?l’eevrgg%%‘é\ﬁtc%ﬁpl% hg%far g %%.V?lge Séaaﬁlp ﬁfearrg%tagd @%gs and non-volatile
semueyd The somPtet Sysoan f600 nlsoantiades ©Rpefchdsk @P®nRRicatiBe link 610

{Lgrmry array 502. In particular, the conmand
itehowhich the gompuies edrctidtygeaneseitlcand; ¥eceive alatac moughl a wireless

i gk . ite d tqg,the nmenory.
AR 2780 AR LD S i D3 e soo
thE@ighrappropeifealdids,|dag, ahd Botrdd BliEeE toopvRRRYoL Rriting data to and
provi ded on data i nputfout put (1O lines 550. In a

eeding dafgdiom thermemeéry. addr essed nenory cel |l is

accessed d data provided on_ the 10 Iines 550 to the )

data i npu?ﬁ R oili 3&? f%gelggmgr ét. @flgrged apRracitedehay yalthpygly specific

SR AiImb-Y 08 (R InYeftidd REK &bﬁ‘%&?ﬂ)@% ggreﬁg@%gﬂosgél St ffstration,
t hat “‘con

600 including conputer circuitry tains
vanousreradifications mey 56 Gnafe wtlgut deviatighfrosotpupelt and8cope of the

Ccircuit 602 perfor arious conputing functions,
1&&%‘?51055 lﬁé& Sﬁﬁlﬁﬁgéig ﬁgg’f’gm@n%%ﬁ theRFsemidnyation drsrided in Figure 1

iRERA4ISP BN OR oatd T4 | G181 BbrAM
e RN T e b R BT BPRCL Lo fitsele B3
actidtiogie sircuitse 160 to0irgtidte putmebgotly CaSeB04perstie BASe® on either a
éﬁ%@ﬂﬁ coupled to the conmputer circuitry 602 to

T atom ths mefredy fimee 190 ton & RULSENPYNG pulse from the

{.C -tk t syst.em 600 al.so .

SASHEe DRty LR OB, S SILSTLO00. 250 ot of
the pesérs lineneiof, e OR/ g0 240 SHE hoPé Bittudd@Vidi®fie PULSE_OUT and
t ypi calﬁ}ﬁ bei ng a di spl a(%/ device. One or nore data —
PULSE_SYNC pulses will be provided to DRAM activation circuitry directly to initiate
either an asynchronous memory access operation or a synchronous memory access
operation, respectively. Moreover, the embodiment of Figure 1 illustrates separate
functional blocks for the asynchronous mode detection circuitry 110, synchronous mode
detection circuitry 120, refresh timer 130, OR gate 140 and DRAM activation circuits
150. However, it will appreciated by those ordinarily skilled in the art that the various
functional blocks may be combined into different arrangements than that shown in

Figure 1, and still remain in the scope of the present invention. Accordingly, the

invention is not limited except as by the appended claims.



storage devices 608 are also typically coupled to the

conputer circuitry 602 to store data or retrieve
wal2a0a/07Es@npl es of storage devices 608 i ncl udeP¢EDS2004/002612

di sks and non-volatile nenory. The conputer system

600 al so includes a wireless comunication |link 610

t hrough which the conputer é8rcuitry can send and

receive data through a wireless 10 nedium The

conmputer circuitry 602 is typically coupled to the

menory device 500 throughrApaKopri ate address, data,

and control busses to provide for witing data to and

readi ng data fromthe nenory. Fromthe foregoing it

wi || be appreciated that, although specific o
enbodi ﬁent s 1@?&? ﬁaleze‘itlﬁyéﬁrtc}l‘éw 1%5%“‘5@&? WEIOFY #f&gss operation in a

memd¥§TRYRe kleiihg RRERSy Qér%%{gl s@%ﬁ%ﬁ%&nﬁol@ﬁaﬂ 'fﬂ?éjaet?%iém circuitry

nodi fi cati ons” may be out deviatTng’from
compsipingi t and scope of the invention. For exanple, the
enbodi mept  of the present invention described in
Fi gur e 21115t Profle detection gigcuit ¢avpledriogaeeivel the memery address signals
' : t activatjan.
and AR @RI S o8 Koy B0l o 5 b BB b Hignals anc
the misaweyadiressi sifiats, gendrhtinFa GHET niddesdtdctionsighal foehd fRided at first
timer 130 or a PULSE SYNC pul se fromthe 20
modeQuipuhpedfous node detection circuitry 120. However, in

e orralld! SosrBAdbIR Ll colBfalh S3& e RSBl RRenals and a
clock GighaRrld ilPWespbnseYRNGeBeihS 85 a Weddnd ROnYiRiod &t éoﬂﬁgl?ﬁg{ra‘als and an

. activation circuitry directly to initiate eit

activead 9¢ic pigbHo Gencratingr 3/ seeoné ssodspdatertion signal & by pedwidebatsa second

nﬁgp ccess operation, respectively. Mreover, the
mOdeé’ 851\( ht of Figure 1 illustrates separate 25

funct i gnakedd GHKS nhahg LR ASHDENAQRO tect |

circuitry 110, synchr%noug noggl @g1§%?ﬂ%ﬂﬁhﬁ§g§§{?§ﬁeoumut
node, p2Dsableehodestoupleden theecofR nyateeout rde ARAMther having an timer

circuit 150 wever, it wll appreciated

actjvati.o . Ho . : _
O“tpu%’gﬁdtet?g%ﬂgr it mede ackiyvatioaysignpl dfaroxjded; thereiresl timer generating
he fi i : i [ . ined into .
the firAbs Sotivo LA s QEHS ST0ARE LEBRR oF e 1y Bipeiveg fist moce
detectmndsignal | andr fanthémsipprdshiag seapation of ke P& S@Bde activation signal in
i nvention. Accordingly, the 30 invention is not
responsg {A feseiPeX{thp secqnd mipde Heleptinnesignad aolai ms. WO
2004/ 0 L 61 18 AIMS 1. Mde .
det ect ol ST HANS AP HL oo laT s or selBaes o he timer
outputapee ahil i étol MEBEBHPuLENIeS RspREREN 18 ec@f R8RS having

signal s and control signals, the defection circuitry
an activation signal node at which an activation signal is provided to initiate a memory access

operation in response to receipt of the first mode activation signal or the second mode

detection signal.

2. The mode detection circuitry of claim 1 wherein the first mode
detection signal, the second mode detection signal, the first mode activation signal, and the
activation signal comprise a first mode detection pulse, a second mode detection pulse, a first

mode activation pulse, and an activation pulse.



conprising: a first node detection circuit coupled to
recei ve the nenory address signals and the contro
W@ e@aaregs and in response to receipt of a firsPCT/US2004/002612

conmbi nation of control signals and the nmenory address

signals, generating a first node detection signal to

be provided at first node ®tput node; a second node

detection circuit coupled to receive the contro

signals and a clock signal, and in response to

recei pt3 of aresend R ehbiitly ofr Qe n le,hélegln 34630&9& circuit

an active clock signal, generating a second node
compde¢sectwosinpai QRagdatet 0 be provi ded at a second node

out put node; a refresh tiner having an activation node

coupled to the first node output node, a disable node

coupleg to t o) nd .further

havi ngqlén t ilkrirlgr ﬁl%gg?% Ltf{mgg d(gwél%l@cﬁggn ?1 [ %}iereﬁ% E}ge first mode
detecdmt iciratit @enerbighal fitss npydevdedediont dignal 6h rre§dnkd & receipt of a first

generatin% the first nmode activation signal a tinme
combipiafigy of eantighpignals sigative of an asunchienous sesmiory dcdess eperation.

node detection signal and further suppressing

generation of the first node activation signal in

response toThecRbd deectidiecFaRLPdMasls delRGkinOhe second mode

signal; and an output circuit having first and second
detectigpeitcuifogasrates piceend modh detedtivar sigmaliipresporsd o asvdipt béa second

second,. nmode. aut Qut .node espectively, the output .
combiligh of SGHTP! REPARIGIAE™ o SBEFoReY IR GrRspesh SBeration.

whi ch an activation signal is provided to initiate a

nmenory access operation in response to receipt of the

first fode dbtimadd detedtiogneaircuitry toffeclfiac dnethere@ethe refresh timer

detection signal. 2. The node detection circuitry of
COMPIY®Si m 1 wherein the first node detection signal, the

second [ Si e fi
activat {Bg%ﬁs%%g?}% Etg%edc' 11tlﬁe : %cf{.r %}v%e{lé}{)%t‘l%?g%%hdc Bhihe; fdzst mode
outputandderts treqeiaethel éirg eiiddertefustioe sighalsma andstiels stk aa{ingAn output

pulse, a first node activation pulse, and an_
at whigh fhe, tist Brdp attivationgisnal o P Birdccaplciiclagsegd hadas fisst aadsecond

inputsamd € e, de A on eaireuitrye of. cl.aim.1. wherein the
mpu So &t pJLilllt oﬂcﬁ?r Cédl?it &e?%él%?lfééié 1g gdg%e f 3 ﬁlﬁﬁ%l a@ghg%fogelﬂ}ﬁr.ofﬁﬁe first or
secondripetsdire ptopapatiig!té its blipudby £kagdhishe WBRYSHA the first

mode detectjon circuit generates a first node

det ect # 6FCE PgPIAL cmmlqdet@ﬁgnsi@abb nrode eingtthe thain foif rdstay stages, the
reset circuit disabling the chain of delay stages to prevent output of the first mode activation

signal in response to receipt of the second mode detection signal.

7. A memory access mode circuit for a multi-mode memory device
receiving memory address signals and control signals, the memory access mode circuit
comprising:

a first mode detection circuit for detecting a first memory access mode and
generating in response thereto a first mode detection pulse;

a second mode detection circuit for detecting a second memory access mode

and generating in response thereto a second mode detection pulse;



conbi nation of control signals indicative of an
asynchronous nenory access operation. 5. The node
wa@lei0e0ti7861 circuitry of claim 1l wherein the sepOnuSIv0de2612

detection circuit generates a second node detection

signal in response to receipt of a second conbination

of control signals indicatig2e of a synchronous nenory

access operation. 6. The node detection circuitry of

claiml wherein the refresh tiner conprises: a chain

of del ' f :

the 11 rotonpagu 8upEd do fht Fro bRy aBkARh FRUR| B bheraiing o
delaydé thesttmode déteptiph il atilnaskclagtelfiey rabipgof faviagidfi@nmode detection

o%%£$t at which the first node activation signal is
pulsey, s Alelas cirg Frrther sgunlechinetheasprong miode detepidorns eicoito reset delay

o ; liayi.ng.a falling edge of a

cirut BpHAGo R0t AGBEAAYD A0 APLPYLAR Al g cdoe
| nput s theMoRyRIcER:a @sfivation thclitr§ coup1Bdto 1Y dBlalcagait hhdBhe second
delay, and a reset circuit coupled to the disable node

modeadefedtipn eircitn the nepary aseesgastivation ciraudtey aclivatingta first memory
i sabling. the chaip of del gy, stages .t revent, out put
scces GiRRIOR L PnBteE R Pl /SRR PP refine@id puise anc
activdifiged Récoall thBRoSLERRE: FRIRIFCHL FshOMie St HdBipt &f tHe second mode
menory access node circuit for a nulti-node nmenory
detecdlesvpwles. recei ving menory address signals and control
signals, the nenory access node circuit conprising: a
first node detection circuit for detecting a first
menory 8acce%§rﬁﬂ91ﬁoﬁﬁé’cce&%8&é%ir9ﬁt bf 8faﬁﬁpf)(11§1§ S MRt mode
a first node detecti'on pul se; a second rnode Stection
detectpénr curcdit Tompdsdseat msygcros@somdderelerReorfeiedEs havdg coaftdl signal

enerating in response thereto a second node detection
HOdCSg%E Wg’é& %Q@M/Swﬁgff%e Toeay edspuiouldoes sigpal mpdesatdiiely the memory

WA I tQ .t ' tection circuit.
waaref R FOHRLENS! B Pndis i, OO HELGEHL O b bas oo
modet detectibel pylsaf inerespesi B rédeigthef |eihbr fmhdnddry BMiRess signals or a

det ectjon ul se, the delay circuit further coupledto
CombmﬁtéOIs@%WOErﬁ;g@alﬁmd@@twmf a5 aspughronous mesleacebe$ operation.

circuit in response to receipt of the second node

detection pul se; and nenory access activation

Circui ory cqubh@fndr9 abks fkaVirehif 68Ehin? Py Adigin SRS M8nd mode

mode detection circuit, the menory access activation
detectignr tpuitropmpeises,asynehroaots mede detedion cimuit @asing pentadlisignal nodes

j . 1 ipt of th I d first d
at Whll&glt reiqsc%gl{;]?f %&p@g Eugffgcl:gvedoand a c?ocieno%}é %t whicﬁnsa clgc?k seignal is received,

the synchronous mode detection circuit generating the second mode detection pulse in

response to receipt of an active clock signal and a combination of control signals indicative of

a synchronous mode access operation.

10.  The memory access mode circuit of claim 7 wherein the first memory
access operation comprises an asynchronous memory access operation and the second

memory access operation comprises a synchronous memory access operation.



activating a second nenory access operation in
response to recei pt of the second node detection
w@iogme7078 The menory access node circuit of CPEI/DS2004/002612
wherein the first node detection circuit conprises an
asynchronous node detection circuit having contro
signal nodes at which the @bntrol signals are
recei ved and address signal nodes at which the nenory
address signals are received, the asynchronous node
detection Ci ThdinkrBANKcad! 1164 Bfeufd ¢SU1ainDYeheIGh a6 1Oy circuit
pul se in response to recei pt of either nmenory address
compgisgfial s or a conbination of control signals
nchr onous de access operation.

i ndi cat | .of
0. The AR T AEId ik eViak oliist ey oFagerORDlsAdp i first mode
detectib® cHEHPM rdRAR thd Hr&GhdANdGEdHoH! }%ul O L 3457 d?laglstage having an

synchronous node detection circui avi-ng ‘contr
outpus iaty wdlichnihd efelayed fiedtimaddet detection puldk is pvaded, 84ch delay stage having
recei ved and a_clock node at which a clock signal is
first gnd seepdnputs j3ad &y outub s el 2 dalling edgerofo signal @pplied to either

' ; etecti ul.se .in
or BERELALLSH i IEEPAR AR, HERERIATAUE hl aclas gna
conbi natiesst ddfcult @otipledl & kietesnd HdU6 Aeick@orPlircidt and the chain of
synchronous npde access operation. 10. The nmenory
delay a8 stheygeet citesiydisabling thei ehain whdelal rstages té iprasient output of the

o R R T

operation conprises a synchronous nenory access
operati on. WD 2004/070786 PCT/ US2004/ 002612 21 11.
The nmeddry dcceemornypaecess made defectidmi citchitwiter @i metdoey device

.delay circui,t conprises: a chain of delay stages
recewﬁ%f%&“’é}' falﬁfhass E@P@fr %‘Inér@é S’c%ﬁtlﬁlaé‘é 3 slockesignat.the fprpeory access

mode defe8dr QRcust dofprisink® receive the first node detection
pul se and a last delay stage having an output at

whi ch eheodtetiety@nf dircait conpled de reeivieohie PnS@yistldress signals, the
(ﬁr ovi ded, efgch del ay stage having first and second
contr rﬂﬁ]lﬁg Znd %A %Qf?‘pﬂgnadn theqmpdg idgtgetion girbyih genatgiéngh frst mode
detecttind: j [ f fi.rst .or .secon N
etec j r?% Sal ?}?gég?%%ggg 5é;ctefl;p2 gf‘ %hg(}lﬂ?l{%grg’uafig‘l[ftgs W%S §?§6$r§ti08@b1natlon
of condell aignalarfurtherrapd eneratinglh bedo@d AR defectiBe sHRAGPRGNIRAL] second

detection circuit and the chain of delay stages, the
mode TaIBYTY ACPeSS| PEEAOBLN IRFPONSRetoc Fegpipt & adketend sumlgestidnoof control

. f th del ayed first node detection
mgnal% EJF&S’ Sl tcfb%fé ﬁ@&ﬂ% td

e1nres 0 recei pt of the second node
det ect h dslapwirsgit cddpledMdTERAYIAKEES SN TRt $5! Skt 2 delayed
circuit for a nenory device
first mode detection signal a time delay after receipt of the first mode detection signal to
initiate a first mode memory access operation and, in response to receiving the second mode
detection signal, resetting the time delay to prevent generation of the delayed first mode

activation signal.

13. The memory access mode detection circuit of claim 12 wherein the
first mode memory access operation comprises an asynchronous memory access operation
and the second mode memory access operation comprises a synchronous memory access

operation.



recei ving nmenory address signals, control signals and
a clock signal, the nenory access node detection
W@ Rrg7a78€conpri si ng: a node detection circuit POUPE®A4/002612

to receive the nenory address signals, the contro
signals, and the clock signal, the node detection
circuit generating a first 2dde detection signal in
response to recei pt of the nenory address signals and
a first conbination of control signals further and
gener atifg arieaRthriCA8esd 6h64d IcfBuif! &N B 017 Q’JJI’IG&‘C%% She mode
a second node nenory access operation In response to

detectiew eirgitit comprissecond combi nati on of control signals

and an active clock s'qgﬁl; and a delay circuit '
coupl ed™t BYRHETHYE & tactiom cEpyit having gented rsignat hodps at which
the célfttoR¥igfals bf 1}@@% L ' o del a .
o t erI%?aegfglltegt%E% Ll da??lreeg% él%gaé Zﬂ) e?g & c‘:xtﬁ]ilé)hntﬁ_g inber'?%ﬂ&f‘%flress signals
are réceivetlathe ayhshreousudedagstestionadifRiSeepbRtiak RS fRfdnodd) detection
esponse to receivin&lthe second node detection

Signa{:, {rytrsponse e degeint it sidhier meoge pddressosipnads/ ent cgmbérativn @ control
. f: t:he: del fi activati.on si.gnal. 13. The
Slgna%é%?@lvggg gég Qynnlc): e élé%?ég%f BRI 8@¥l9n’o@dcl aim 12

wher ei i syhéhrohdusShodBnteecHBRBR Y PRAASS ARSI &ilkhAhodes at vahich the
conpri ses an asynChronOUS menory access Operat|0n an

contrelhgigrale @i reaséiednandop yclegkcvede epavhachi anclodnpignskess seceived, the
[ onou nory access,. operation. WD 2004/ 070786
sy ODE HRHEBAR ooid5E6 i hinRaie ey nade deeohusnal in response
to receiptfi dn @étivel AbBR IZn¥heiEh tohdienARE Sof Qﬁg%?%ggﬂls indicative of a
clrcult conprises: an asynchronous node ete | On

synchggnossimodp asdesgopemtionol  si gnal nodes at which the
control signals are received and address signal nodes
at which the nenory address signals are received, the

asynchi gnougnagge, det ' ' .1 generati ng. t .
first node defectio &g%%ﬁg?&: ﬁ&gggoﬁloﬁgcg"tt% &glé%ﬁgtw%?fem the
delay eir¢uiieronrpeives:y address signals or a conbi nati on of

I s indicative of an asynchronous node

control . sig I
access? spap é?? a%lﬁ}’ stages havingidirsiotrbusstaascroupled e theanode detection
circuitgfgr ﬁHéif/e ??e‘éﬁ%? nfRRtdPrigd \g}lg'glal a%g{dagfq.‘sf ggﬁm@ Iﬁ%lgg thg?inwccﬁltput at

ntro S are recei
whichathe delajeds figsn alode dete2ti6h Vigdal ik ?@ovi&éﬂ? %chhoﬁ’él%}ﬁ st Raving first and
e detection

detecti on circui ;@gener_ati ng the second no
seconds inpwty andnan eufpuhand delaying e dulping sflganf actanakapglied ko cither of the

first OIZ%CQQI% ing{}g Fon§ S%Eé]a%tnlg?on it$ Eut%&tntgyr a? étagsé t nqg ldgla;/;nacrjlldc ative
a reset circuit coupled to the mode detection circuit and the chain of delay
stages, the reset circuit disabling the chain of delay stages to prevent output of the delayed

first mode detection signal in response to receipt of the second mode detection signal.

16. A memory device receiving memory address signals, control signals
and a clock signal, the memory device comprising:

an array of volatile memory cells;

memory array access circuitry coupled to the array of volatile memory cells for

accessing the memory array; and



synchronous node access operation. 15. The nenory
access node detection circuit of claim 12 wherein the
wa@ledoap7086 cuit conprises: a chain of delay stapeBUS2004/002612
having a first delay stage coupled to the node
detection circuit to receive the first node detection
signal and a | ast del ay stagé& having an output at
whi ch the del ayed first node detection signal is
provi ded, each delay stage having first and second
I nput s Angknty Oadcaidt mane Eelcan wcﬁtf@ubleﬁgtoeg&givgf @ memory
signal applied to either of the first or secon
address pignals,f the wopirelpkgrals agl the clack stgnplube menmry heges inote detection
: 1gel ay;..and a reset circuit coupled to the node
cireu 8%%’??18% circuit and the chain of delay stages, the
reset circui | Saki t ' el ay._st.age
prevent out i er {Heae) Shafephig] iBkE B0RehGy addres
signatsj thealonirol sigreionaé theoclodcsizpd, thé nidde dereiow cit@dgenerating a first
detection signal. 16, A nenory device receiving nmenory
modefeiaction signgl{B)1aitiaten fifsh mode gieaIcsy aggess epeatinakingespease fo receipt

A i sind.-an. f lafil .
N T T T
seconktRoder detytioh sip@bipol ihitiafBe @k ynCRbES nfefory &eSsierfiohhs response

menmory array; and WO 2004/ 070786 PCT/ US2004/ 002612 23
to recgipfionbyepont caslinginicofgeneeltsignalssind aniactivoclptlesignad; and

recei ve the ry. addre signal s, e.contral )
signal s and aﬁeea _c¥15%€t csoluﬁ%gl to tﬂ‘f‘l énoﬁﬁ rf%?eg‘?tl% egg%lt i generating a
delayelbtfiest théde débétionl SighMPEiRl Mday BrdPLBHELEMd At mode detection
. Circuit coupled to receive the nenory address
circuit piggh &) ¥psparise tetaseivolg the saeahdmodadetettoncdigzk resettia) the time delay

t he node detection circui.t generating a first node )

and eifiertigia e aiRade 150 P Signad oAt SoraBR Mogarapss operation.
access operation in response to receipt to the nmenory
address signals and a first conbination of control
si gnal $7and The memadri/ dgviee oBeaiants mheeirmtahttimedeshanaly access

toinitiate a second node nenory access operation in
OperatiQILCIRRILSES 1, aSYBEIOBPUS TBCHOY A6 656 OPB AERThand 1A sesond mode memory

. i | i gnal : d
e S R O P N

for generating a delayed first node detection signal
atinme delay after receipt of the first node detection
ci r cui 18-and The mamosy dagiee pbelpiae ¢6 whetpin e medodetestivierircuit of

the mgﬁ&?(ﬁgéeggm%idg rclgéectic;ne(gr%tugticgglp}'ilge%: time delay

an asynchronous mode detection circuit having control signal nodes at which

the control signals are received and address signal nodes at which the memory address signals
are received, the asynchronous mode detection circuit generating the first mode detection
signal in response to receipt of either memory address signals or a combination of control
signals indicative of an asynchronous mode access operation; and

a synchronous mode detection circuit having control signal nodes at which the
control signals are received and a clock node at which a clock signal is received, the
synchronous mode detection circuit generating the second mode detection signal in response
to receipt of an active clock signal and a combination of control signals indicative of a

synchronous mode access operation.



and generating a second node activation signal to
initiate a second node access operation. 17. The
woreomny7eevi ce of claim 16 wherein the first nRCBEUS2004/002612

mMenory access operation conprises an asynchronous

menory access operation and the second node nenory

access operation conprises d4synchronous nenory access

operation. 18. The nenory device of claim 16 wherein

the node detection circuit of the nenory access node

detectiign CiTHUidenf@RIevRESor é‘lﬁin@sl)@‘mﬂ%féﬁ‘ﬁ’aﬁe 'E%fi& ircuit of the

detection circuit having control signal nodes a whi &n
memetyegcewssmode dsiegherl sraateompaeésved and addr ess si gnal

d at .whi c he menpry addre i gnal are
T e R 30 S0 S e mode detoton
circull 85 85RIVeNGe & hbiS Hetgag)?lt ﬁgﬁa? %hd QastS gg%}gést%éeglaadf% gn output at

_response to receipt o r menory a _
whiclp theadedayethifivsit mode détectivnt sigral issproided, daoHideRYsve HavdB first and
SeCOﬁs.ynchronous node access operation; and a synchronous

Uty and ansipw iapd delaying\a frdlingorriee it as$igmeélapnb¢|ﬂe®k@ither of the
. _ iy .
first f R it SOR P GhasBiAR i, i b B SlalE Bl o n©

synchr aness diRdR ddabRaltbARe eidde WeteclBA Rirdhit RHd HE chain of delay
second node detection signal in response to receipt

stage, fthayresefceifonid disabling $heyehain afidelay stagts tvapricvent wiutpmof tied delayed
' .l ndi cat.i ve of synchronous de, access .
firs S TS s Torthero B s ara BsBleacicion sl

The nenory device of claim 16 wherein the del ay

circuit of the nenory access node detection circuit

conpri 88s: dhemmoryfdediet af ckimdéswinasinrthe arrfy 68tolatile memory
ceﬂsqﬁlas stage cQ to the ﬁg detection circuit to _

FOETEPTRM FENSQ HemQEy eRisingnngiageess thero Aimilgd by completion
of an §Rk&VcysledBQudiAY b ﬁﬂc@wzﬁ}:‘éss Fentithi ch the del ayed

first "node detection signal Is provided, each del ay

stage having first and second inputs and an out put

and delaying. a falling edge of a signal applied to
ei t her 5ﬁf t%@e TRGTAQY %‘r"l@e‘%ﬁ]@m rfSuivbereiro thepmsprgr taimay access

- blSrQut e.ll lay: .and a rese
cmul{é?? C u??&g gﬂfg{‘%&é&?%y ?‘%ggsrr%;g e’?’g@? ‘%/egﬁn%i U %ftnla% memory
cells iv hedondamte dithale segjua@esf atdess &wERL circuit disabling

the chain of delay stages to prevent output of the

del ayed first node detection signal in response to
d .node detection signal. 2

recei pt, of th eco . The .

menor yézdevi }éeﬁg o QFWﬁéeCWg}geWﬁmpﬁé a‘é&?%’*y“&‘?-aqs’ control signals
and a dlotladipha, the fRiory a8libScodifidgses an array of DRAM

menory cells having access thereto linmted by

conpl et gray of volatile memory cells;

memory array access circuitry coupled to the array of volatile memory cells for
accessing the memory array; and
a memory access mode detection circuit coupled to receive the memory
address signals, the control signals and the clock signal, the memory access mode detection
circuit comprising:
a first mode detection circuit for detecting a first memory access mode

and generating in response thereto a first mode detection pulse;



of an access cycle including a sequence of access
events. 21. The nenory device of claim20 wherein the
WOrR0m0Y786 ray access circuitry conpri ses DRAMEE/DS2004/002612

access circuitry for accessing the array of DRAM

menory cells in accordance with the sequence of

access events. 22. A nenory2flevi ce receiving nenory

address signals, control signals and a clock signal,

the nenory device conprising: an array of volatile

menory cell s se@@ﬁ@ﬁﬁéd@%@é’tlﬁpﬁfcﬁﬁ fﬁ# H&H&tfnr o SRHRY ﬁ}%ﬁ‘fo access

the array of volatile nmenory cel CeSSI ng
moderamdgeyeratingin; respodsatharms ;ecand:msde dﬁdﬁlcﬂlqilﬂsbt ion

circuit coupl tqQ receive_ the nenory address
signals, thé ffegfmfrlmulw 8¢ to g @f%tlii’éo"@l dséqetion gienit for igenerating
g

a del%ﬁ?‘sﬁtrré’t nrg(‘gfg:e teck ??)g%@éalecir}}é% I&{l:ﬁf &ftérg&lte:ie%c to(%anfé 1as§ )in Igg{node detection

pulseréirendefajacieasisiumbere coilél gemersetinddmbde eI Sirduieiotclet delay
a. first node detection pulse; WO 2004/ 070786

circuipimmespong oy 5osBtaf the speand mede detrgsion nidsecend on ci rcui t

for detecti & ond ace
generati ng ?%en?% #e aqﬁvéql}gg%{ 8“%“1@ Sg?PgD‘ﬂg)d@ g]@ fey Sitewh and the
secondUndes d@tedﬁblﬁ)én@mft Ctliet meRIR) Qebekd abiditioh' Stcu¥PHGctivati ing first
detection circuit for generating a delayed first no
mein'étaéQﬂw @Pﬁrmﬂm@l raannaetodebayt fthedelnyrddiinst mofle tiktectiomspulse and
r st etection the delay circuit further
actwaggg ot é%fo ‘g IP?{EOIQ/e%CSHﬁ &R?&@Oé‘e'fle’if’lsl?%ﬁe dp rieghipt phtheessepnd mode

ddemﬁﬁggnﬁicircuit in response to receipt of the second
e detection pul se; and nenory access activation
circuitry coupled to the delay circuit and the second
access activation

de dgtection circuit, .the .

(r:r:) r iui ? b‘gF VAFTRY devise Qf n%? Wlﬁé@és@e t #1qdgndetection
cicuit O SETRANS o Bt BRAL el odrinda® P UGS BB5 desctiop cireui
having pentertl isignal modee stpwhisk tHeacong6ledigtalOdre Eét%w%@ C12l] dddf@ﬁesl gnal nodes

ction pulse. 23. The mermrdz) device of claim 22
at thﬁéﬁ% MFmoRE afdnesy sigpnle a@ene@qm fhe asypefuprousfmedredetection circuit

soslEDSX. (G55 TSI DML b, B 580  Shoksres

detecti on Circul

signalyorch com@iradoh rafl csit@DaignaRr ﬁdfc@ﬁ@é Ve hnaAgmateh&RSmode access

si gnal nodes
operation,

24, The memory device of claim 22 wherein the second mode detection
circuit of the memory access mode circuit comprises a synchronous mode detection circuit
having control signal nodes at which the control signals are received and a clock node at
which a clock signal is received, the synchronous mode detection circuit generating the
second mode detection pulse in response to receipt of an active clock signal and a

combination of control signals indicative of a synchronous mode access operation.

25.  The memory device of claim 22 wherein the first memory access
operation comprises an asynchronous memory access operation and the second memory

access operation comprises a synchronous memory access operation.



at which the nenory address signals are received, the
asynchronous node detection circuit generating the
wo poogo7aT8cle det ection pul se in response to reckPCPUSIN002612

either menory address signals or a conbination of

control signals indicative of an asynchronous node

access operation. 24. The fenory device of claim 22
wherein the second node detection circuit of the

menory access node circuit conprises a synchronous

nmode defgect ife Riehford tdevida@Vd M afd Hor Q}ger%ﬁrgqr’i‘é d]gﬁge(?irc%t of the
I e clock

whi ch the control signals are receiv and ‘a
memonyciecess movb crbuibcarhimrises:si gnal i s received, the
synchr onqus ngde detection circuit generating the
a

second neEn gk delay istages hpgas janfimsk plan stage soppleditpithe first mode
i ' | d hnati.on,of .control .
actec SERLY , 625 6L B0 mARAcc ERTAHIO0 ] 98980 hving
outpud pewichothe defayedr fiest HRdHRr detedeivn GRlsOfis Hlodid¥d 28achRIA flage having
the fi rs.t nmenory access oper atl1on conprises an

first and\saendonpis and A pyipat enskdelafeg afilbng affeesigmad epplied to either

of the TR e AERN ARFL bbb G D iR By oee e tSay: and
PCT/ US30@¢¢t Q1361 ouplbd 46 theTdBoAtEHBAY dBRYiGE c2duiChf e chain of
22 wherein the delay circuit of the nenory access

delay retapes,cthe geset cirowipdisblng thecttmim obHleldg|stages tagesyehiawitpgt of the
a, Lirst ,del ay. stage .coupled to the first nnde .

delay i fist Fiogh Gt FoHiogit e FEPRRP 4O Fa5EiP P GF SrrsHa oRdeaictoption pulse
pul se and a | ast delay stage having an output at
whi ch the del ayed first node detection pulse is
provi déd, edbhniwhay devigef bhith2g wihdréiatthaattay 6£06latile memory
I nputs and an output and delaying a falling edge of a

cells P hpraveRf PRAM meaiory enllsiharingjapesss Bieraje dishited by completion
j t r: ' ' put by a stage tine

OfM1%g?§y§@%ﬁ%Hgﬁﬁggg 5#9%%@%0%%§B$§% to the second node
detection circuit and the chain of delay stages, the
reset circuit disabling the chain of delay stages to
pr even28out phie megmenyedevisl afy elim | 37s wharsite thtereotdrprarray access

- Ul LT e to receipt of the second node
e ph iy R RUL s Sk e 585E BTy 3 AM mamry
cells inaedorddnct Rethahé s3quehce\tTladdess &yveRNMOry cells conpri ses
an array of DRAM nenory cells having access thereto

limted by conpletion of an access cycle including a
sequengg of ,access events. 28..The nmenory device of
claim g§ méﬁ@ﬁ?“?‘?{&ﬁg‘ﬁoﬂmpg]s% access circuitry
conpri gagtaBpMdeyic@y access circuitry for accessing
the array of DRAM menory

a data output device;
a processor coupled to the data input and output devices; and
a memory device coupled to the processor, the memory device receiving
memory address signals, control signals and a clock signal, the memory device comprising:
an array of volatile memory cells;
memory array access circuitry coupled to the array of volatile memory

cells for accessing the memory array; and



cells in accordance with the sequence of access
events. 29. A conputer system conprising: a data
WO ppuo7ewi ce; a data output device; a processPCT/US2004/002612
coupled to the data i nput and output devices; and a
menory device coupled to the processor, the nenory
device receiving nenory addYess signals, contro
signals and a clock signal, the nenory device
conprising: an array of volatile nmenory cells; nenory

array access meméuyl detdss aidRldRibchich SibRuitloupkd 9 receive the memory

volatile nmenory <cells for accessing the nory array,
addregs gignes. 2be 2o 0T EmabCdUBe 0Bk 66! Zhe RiEmaryrecieiy/mode detection
. @gcess.nnde detection circuit coupled to receive the
CHC“%E%%@?““%ddress signals, the control signals and the

clock signal, the ﬁ@d@&&ecﬁ%ﬂé g?@g??%ﬁnéﬁetb ﬁgéeii\penthe Fr)r}eénCPry address

circuit conprising: a node circurt cou

signalsptheonirvlsigats, redrireycladcrigrd, the rgidaldstectifiecie@it gbrating a first
nal, the npde detection

' | s,. and t.he cl ock si L ec .
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second nfiodesdetartiob sigasli to finitibtea0set sl med@meh®rpastedeiREAMoh 8 response
second node detection signal to initiate a second

a, : . .
to recph©e dgshond conpbivaiongs epritolsienals and ep esise cloak vigwd; autl
to a second conbinat;ion.of. contraol .signals agﬁ an .
active clock si gﬁa&‘;gla AUt g, ;F%c ) ctﬂ?_tm%% efrgtipyy circuit for
generitigy adelayddetiRe odd deiebhol bighflla 1108 W12 ARE r& e 0R ¥ first mode
first node detection signal a tine delay after recelpt

detectism qirgaitiandsin raspgese Waredving thecsecend mode detedtivn @gpinsestting the
. I ving the second. node detection sjgnal,
time defay i uchoRfns deRE0BPdS SaRatgn feral o gttt tsead misde accoss
operatg®i i vation signal to initiate a second nnde access
operation. 30. The conputer system of claim29 wherein
the first node nenory access operation of the nmenory
ses an asynchropous nenory access

devi .
og\é:r g? ? @g npiiﬁ‘a COMRUSE SYHEM R el S Yhteds dhe &psrmedeomemory
accessCOERAHoR T i R¥RORS SRR oTEPIREY m?&sgrﬁaﬁonc%en%gébr%ndccess operation

and the second mode memory access operation comprises a synchronous memory access

operation.

31.  The computer system of claim 29 wherein the mode detection circuit of
the memory device comprises:

an asynchronous mode detection circuit having control signal nodes at which
the control signals are received and address signal nodes at which the memory address signals
are received, the asynchronous mode detection circuit generating the first mode detection
signal in response to receipt of either memory address signals or a combination of control
signals indicative of an asynchronous mode access operation; and

a synchronous mode detection circuit having control signal nodes at which the
control signals are received and a clock node at which a clock signal is received, the

synchronous mode detection circuit generating the second mode detection signal in response



31. The conputer system of claim29 wherein the node
detection circuit of the nenory device conprises: an
wa@sgoonoimremnous node detection circuit having coPCT/UE2004/002612
signal nodes at which the control signals are
recei ved and address signal nodes at which the nmenory
address signals are receiveéd, the asynchronous node
detection circuit generating the first node detection
signal in response to receipt of either nmenory address
to re8diftN8F an Active SRR MBal GAd Of ccﬁﬁ’ﬁh{gfﬁn of b1 Ssi als indicative of a
i ndi cative of an asynchronous node access ope?% 1 on,;
synchappus nsydeclacaspopratimde det ection circuit having
control signal nodes at which the control signals are
received and a cl ock node at which a clock signal is

recei veg, t .de fon circuit . .
generating the se"(q:lon%‘o%ge &Z?C Zacl?’l gﬁ(@%‘eﬁeﬁglﬁlfi lay cirouit of the
memorgsipoics eonfi804/ 070786 PCT/ US2004/ 002612 28 to

recei pt of an active clock signal and a conbi nati on of

cont r ol? &pErnfidslay strsenhawieg dfirsh delay slege crvples! todhiemode detection
R . ' 32.. The conmputer .systemof claim 29
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the chain of delay stages to prevent output of the

del ayed3. fi Th¢ compitedigisrat bfotaifi 2 whereih the SRAPSLYISile memory
1 recei pt of the second node detection signal. 33. The
cells of S mermorsdeyiceRogmriseaithirey WAk AMimemeraeallsyhaging access thereto

. ' . I f .the menory device conprises
imitl 8 i B OB S At e TRORA S5 e. SO0RL 1 o
limted by conpletion of an access cycle including a

sequence of access events. 34. The conputer system of
cl ai m 38 whEkeemphier gestom yofalaioy3hodhessin thd neuridry wrre§ access
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events.

35. A computer system, comprising

a data input device;

a data output device;

a processor coupled to the data input and output devices; and

a memory device coupled to the processor, the memory device receiving
memory address signals, control signals and a clock signal, the memory device comprising:

an array of volatile memory cells;



35. A conputer system conprising a data input
devi ce; a data output device; a processor coupled to
w0 b@4dzt786 | nput and out put devices; and a NMeNOPYT/US000@2612

coupled to the processor, the nenory device receiving
menory address signals, control signals and a cl ock
signal, the nenory device cé%prising: an array of
vol atile nmenory cells; WD 2004/070786
PCT/ US2004/ 002612 29 nmenory array access circuitry
coupl ed to theméfyraytces®ebiilr® ORI ¥ the&ha$ off Yblatile memory
accessing the nenory array; and a nmenory access mde

cells fspecessing theimemeny acepyandd to receive the nenory
addr ess signaI%B the control signals and the clock
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to recei pt of t htél_ &sega p?%ﬁcuﬁ%)%oélpkgt Q ct{hf3 gﬁStp‘i!?ngé detefion circuit for
generdtRIED! delfed €58 rdsdel d6aiction pelsé & Witel dé1 b fidefp@of e last first mode

delay circuit and the second node detection circuit,
detectiqpep cdeycarsyit fanther apinpnd ti the sedony namtei desicting ciacuit to reset
1 rSt. NeNDry .acces eration i esponse, to recei pt
delay glf‘g“?‘h% FRPRA Tried ot hgcecandiaeds c{ﬁtpcglan gulse;and
activating a secgpffEIReYs A4S Al | | o
response to receipt O@? t ﬁes sec%%gn ﬁgﬁl@ g(se%{belz%:%oo%le delay circuit
and thsudesend 8®de ThtscGampintwt, thy stearorgfacekabotidfionhecaity ddi9ating a
irst node detection circuit, of the nenory device

f .
first m(’eg}%y pergss (ﬁ)r?raélé’?r’r’_a RESBARGTLO Aerget @gf@&eﬂ&.’){ﬁd gt @aede detection pulse
and adi@Mfif}Pa &Rl rn?ém(ﬁ‘blrglg@éass gsg‘égoﬁin y‘%"’;“%& &y ﬁegglg{gtogﬂle second mode

signals are recei n ress
detection pulse.

36.  The computer system of claim 35 wherein the first mode detection
circuit of the memory device comprises an asynchronous mode detection circuit having
control signal nodes at which the control signals are received and address signal nodes at
which the memory address signals are received, the asynchronous mode detection circuit
generating the first mode detection pulse in response to receipt of either memory address
signals or a combination of control signals indicative of an asynchronous mode access

operation.

37.  The computer system of claim 35 wherein the second mode detection
circuit of the memory device comprises a synchronous mode detection circuit having control

signal nodes at which the control signals are received and a clock node at which a clock



whi ch the nenory address signals are received, the
asynchronous node detection circuit generating the
w0 poog7aT8cle det ection pul se in response to reckPCPUSIDN/002612
either menory address signals or a conbination of
control signals indicative of an asynchronous node
access operation. 37. The 8dnputer system of claim 35
wherein the second node detection circuit of the
menory device conprises a synchronous node detection
signal ii§ Gedeivdda\thd) @ycBfinofs méded H&Ect{bﬂd@i??ﬁ‘tt %&@r%ﬁlgt p% focopd mode
control signals are received and a cl ock node“a I'C
detectior pulsk iVNRSPOB4 /10 T@BHS 0PEH atiBR04¢106 26 2nd A ositdi@ioni oF control
. ecei ved, the nchr onous node detection circuit
Slgna&éﬂ@?%’t"ler?é atsﬁlé‘i%‘g}%‘ﬁamﬁlﬁ&%cesﬂ%ﬁeéﬁtqnon pul se in
response to recei pt of an active clock signal and a
conmbi nation of control signals indicative of a
synchr @8ous Thed®ngntessysRpebAklaph . 353 herbite tid AR tBEmory access
st of claim35 wherein the first nenory access
operagé% gg]p@ppnéqryldﬁgc%%pgseg@ma@@cb@npuq mewogmmccess operation and the
ry s operation and the second
seoo D o o S PR G Rt sn eoriatte y
access operation. 39. The conputer system of claim 35
wherein the delay circuit of the nenory device
conpri $8s: dheraimputsr systemy of chiyes3hawhierain ahd idely circuit of the
I stage.coupled to the first node detection
memogfflgﬁﬁc ngpr}sg%ei ve the first node detection pul se and
a | ast gdehmyos§ [ ATe t I e
del ayed first rf%%g S%%%éel%tgﬁl%agﬁf{s@%ys&%%%é@gﬁ% tbeghc? hﬁrSt mode
detectipa eigousit tagrecdive thegfirst nmode datedtisre polsd and pulast deial Eta%re having an
out put d.delaying a_falling edge of a signal applied
outpul Bt ¢ oy P mpas deiecihemih isppotided domh delay stage having
first ' . tput .3 .S Ly el ay; and .
ol SROALIT Rl Sy B olind LAARE dREBLABIRN wiiea B either
of the ¢irst ous¢coad thpubsefrah piopagitingde i YughieBEs stabd 8me @R BYy; and
circuit disapling the chain of delay stages to prevent
out put 2 6FSet FECULHequRiaddtor the secord qrodtedatention reinsuit sadithe chain of

. ' t de detgecti
ey SERRERRE 4 LR Bl e AURCD RIS EChERDy o of

delayedriirstynade detdcéibn belseBim@Eponse &) reeiftl ofitheseIBRPIY 48 8%k &fon pulse.
conprises an array of DRAM nenory cells having access

thereto limted by conpletion of an access cycle

I ncl udyng equence of ac s events.. 41. The )

conput lé(? .ssrg]?e.e%n&u%%rl SgFtFﬁnéfge ciﬁ’l@%él ‘?ﬁlﬁrﬂ@ tﬁ%msgpfawaagge memory
cells ofl€@ABEMOSB/ defitlelcbipibest ﬁ%ﬁ%@@k&ﬁ’m&ﬁﬁ@%ﬁ& h3eitg RREM thereto

. . array access circuitry for accessing t
limited by completion of an access cycle including a sequence of access events.

41.  The computer system of claim 40 wherein the memory array access
circuitry of the memory device comprises DRAM array access circuitry for accessing the

array of DRAM memory cells in accordance with the sequence of access events.



array of DRAM nmenory cells in accordance with the
sequence of access events. WO 2004/ 070786
weROnAN82804/ 002612 31 42. A nmethod for initi aPCHYSH04/002612
menory access operation in a nenory device receiving
menory address signals, control signals and a cl ock
signal, the nethod conprisiBf: generating a first
node detection pulse in response to receiving nenory
address signals or a conbination of control signals
I ndi cat4ove o ISt i pectapala | on; .
delayiﬁg"théiﬁgg%mggigggggﬁ f|rs%y%%%§§gg?g§§§gﬁéé%ﬁ%%yxhvme
receiding nreeicy hddredscignelspcatrel signdls aisl a cloclesigadlj haie#ivd comprising:
pulse to initiate the first pode menory access o
oper at iSGRerayash &r Hist fgode deledling Rblge 1aaramONED Ao Fateiwing nmemory
; - V] | gnal__and second
2ddrcEBANS Br & RoPiEAdh BBodhuftl Sts 30y BT yERER fpemory accass
operatiemw;ond node nmenory access operation; suppressing the
generatjion, of the delayed first node detection pul se;
and i slelayig the lasheenseateshirshmede delvotion puses time delay to generate

ORI N _response, t he second node detection
o s ENRINTGR AErREE ST SR E T
first refi@a@el 8GbédHd mbH AWtebilor BIROMS SedpBnlePtCtebtkVhe a clock
menory address signals or a conbination of control

signalsgngrmbasond pembiaetiseobthe gonirolstigmutstindivetivr yf @asewend mode memory
accesd ng}ion conprises generating a first node detection
bHLE' %™ response to receiving menory address signals
or ac r ;
asynchy aeaglie Bnchh of the SRR iR e ek 6h Rltsdne
of cl aimitidihgthe seiond gexdemadmaery adcese 6psat SIS eERINEE td BB second
d gulse I n.response to receiving a clock signal and a
mode dgtefion RShi nati on of the control signals indicative
of a second node nmenory access operation conprises
generating a second node detection pulse in response

to recdBvi nfha mdthek o ichimal 4B Mtherei @eRAREIGO ADHRALIIR detection
of the control signals indicative of a synchronous
pulse insFsPonss de g8eeivipe mamasy addmsss Signalmmet howndfinatioai ofi ebidtrol signals
o I @i | ayi he | ast generated first node .
indica eig Y ?t alpéﬁgpu gg q%&fllg%acg 1S PP EHYe SUPREEEs ;8 FerAing ny flist mode

detecttpulstinaBspRUsSH refeitifl meddty ab@rebd §igtald AL coBIBEidn of control
access operation conprises initiating a delay sequence

signalg, meicatipe of Heasyaehronnys svgeorp iccesshepefationt node det ecti on
pul se, and resetting the delay sequence in response to

the falling edge
44.  The method of claim 42 wherein generating a second mode detection

pulse in response to receiving a clock signal and a second combination of the control signals
indicative of a second mode memory access operation comprises generating a second mode
detection pulse in response to receiving a clock signal and a second combination of the

control signals indicative of a synchronous memory access operation.

45.  The method of claim 42 wherein delaying the last generated first mode
detection pulse a time delay to generate a first mode activation pulse to initiate the first mode
memory access operation comprises initiating a delay sequence based on the falling edge of

the first mode detection pulse, and resetting the delay sequence in response to the falling edge



WD 2004/ 070786 PCT/ US2004/ 002612 32 of any new first
node detection pulses prior to conpletion of the del ay
wG@ewyemnoes and restarting the del ay sequence fPONUS1964/002612
falling edge of the first node detection pulse, and
suppressi ng the generation of the delayed first node
detection pul se conprises ré3etting the delay
sequence and inhibiting the generation of the first
node activation pul se. 46. The nethod of claim42
[ - e i on
o e il et log SRS T B FaREAGR O f FETRY Huence and
restartiogphé delay isaquenad ifiogn thesfatliny edpeust thERAM MBA® d¥tcdk&E pilse, and
47. A.nethod for activating a nenory access

| e,
supprg%gt}ggﬁlp &nsration ﬁ%}l@g@layg@@;r@én qieptian DRISK copbisss resetting the
. : i Vi d i gnal s
delay SEenE DA BB K BR TR e LRI v T Rier
conprising: in response to receipt of the nenory

address signals or a first conbination of contro
si gnal ¢6i ndildhatmethodfof £ldiny 42 whedwn rieitieting Hecssend mode access

operaggxf Ifrﬁ%eisﬁée}}sg gc()e g}%trsg%ci)r{ag@gﬁle&lert%(%tiog?pg& eé‘gg{p{p\ég%@yagglg rg%lgsgllgchronous

DRAMI @8@bsy Rtedslegclbi rst  conbination of control signals,
the tine delay sufficiently long to allow for a first

node nmenory access operation in the DRAM nenory cel l

core tq.conpl ete; d in response to receipt of an

act i veg'a _og% ﬁw?%nﬁ‘ft’é’a@ég@nﬂle@@%iaﬁ‘@ﬁ @Regfon m a memory
devic& BB¥InL|a BR@[M!rﬁerh&gr' Gt LE Al @cﬁ\%ﬁg &Qeﬂn@g:a dres: &iﬁnﬁgn control

_access operation, generating a Seco
signals,i agdal cloak sigrial, it method ecmprsingde nenory access
operation in the DRAM nenory cell core and to prevent
the geHbISEPRSH iQFeceiRt of thednerheryeadgdress signalear s ifigsiaiombination of

conﬁoﬁgglgg?&sgttﬂ%g%fog g%%lé eﬁﬁen\ﬁg pag:hegsg egFa&igfnl,Lg f’jlag]fnigr ; st mode

activatienrsignalasl dines delay gftad focoipt b ehd 1266 nefRMPLARLECH s or the first
control signals indicative of the first node nenory

combigaliqns ot gpyrolt Sigelse s Himsedelege meffiaiently lortgetof alict fompdist mode
jvat | S] LA sponse to recei pt of the menory
memo_ggl%!_rc é%s(%pg{aél%{é?'gﬁg r]j nglglgrﬁ'gl?’ﬂ%'tqe FOTP Ceﬁlm%ang i gnal s
i ndi cainl teSpdifse 8 reR€HPGNER LT ABHPL¥NnACHASS sLBEE Abky ﬁl&tion of

49. The nethod of claim47 wherein (generating a seco
controhrgignalg dndigativieqsf a sdcgndimdde mespyEeessopemtiohy gagraing a second

i ve cl ock.si | and a,second conbi nation of
mode B8 GRE 8 B0 2R B e SRt Srston in the DRAM

memory cell core and to prevent the generation of the first mode activation signal.

48.  The method of claim 47 wherein generating a first mode activation
signal in response to receipt of the memory address signals or the first combination of control
signals indicative of the first mode memory access operation comprises generating the first
mode activation signal in response to receipt of the memory address signals or a combination

of control signals indicative of an asynchronous memory access operation.

49.  The method of claim 47 wherein generating a second mode activation

signal in response to receiving an active clock signal and a second combination of control



signal s indicative of a second node nenory access
operation conprises generating a second node
W@ewu»A78®ON si gnal in response to receiVving anPEDUS2004/002612
cl ock signal and a second conbination of the contro
signals indicative of a synchronous nenory access
operation. 50. The nethod oB3claim47 wherein
generating the first node activation signal a tine
del ay after receipt of the |ast nenory address signals
signaBrindibgtiviel 1S sc6MPMBAS hRfhof acck@WePiion! BRPriSes senerating a second
conpri ses: generating a transition detectron ﬁgise 'R
moder aefpygtice signalleinetssponge atot reraivittg en adtive tdieckeippaY and a second
Conma%’resiﬂfi naHs.or tqs first. conmhi nati on of control
HAYR% PEheicRryelsgnals indigative,pf a synebirenous ssapry Acqepoperation.
falling edge of the transition detection pul se;
resetting the del ay sequence in response to the

fal | i ngO0edg&hefmethotbof tiaim si7twistein d@heatih® thePfiss hode activation
etion of the delay sequence

. generated prior to conpl [ o
signalg,timge géfaé{ @ﬁ%@cwﬁteofdhggﬁﬁt memgriestidecss signwls ive thfealits eognbination of
cmﬁnﬁg%ﬁaﬁ%o SSQ@M/transition det ection pul se; and
generating a first node activation sequence in
r espongendratirighe tramsiiireddi@tiot puldent réploAe BEMHURIBRE 2 transition in
the memory address signals or the first combination of control signals;
initiating a delay sequence based on the falling edge of the transition detection
pulse;
resetting the delay sequence in response to the falling edge of a new transition
detection pulse generated prior to completion of the delay sequence and restarting the delay
sequence from the falling edge of the new transition detection pulse; and

generating a first mode activation sequence in response to the completion of

the delay sequence.



