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SRAM CELL STRUCTURE AND Cl RCU TS CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains
w@riosnodsyo f rom U. S. provi sional application sePCEIUS2004/021162

nunber 60/484,565 filed on July 1, 2003, incorporated

herein by reference in its entirety. STATEMENT

REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[ 0002] Not pl i cabl e | NCORPORATI ON- BY- REFERENCE OF

MATERI AL S MrEBLONS TRUGURE ANBCIRSHHITS Not

Appl i cabl e NOTI CE OF MATERI AL SUBJECT TO COPYRI GHT

PROTECTI ON [ 0004] A portion of the material in this

pat ent CROSBREFBRENQOETO RELATEY ABPLIOATIGRSBI on
under _t he copyright laws of the United States and of

[0001)t her TdbwAPPREdoONTHRIMSWRIEIty frommb. 2 opprisial epglicationsserial
RrR 880 568 o OE8) TAD SREREAEHA NGBy BVEBIonce i
dppeairstyi n the United States Patent and Trademark
Ofice publicly available file or records, but
ot herwi se reserves all copyright rights what soever.

TQ?@@W@NQ‘%E%}@MN@& DEV%‘F*’ON%@O’I@EBW%QENF&%
rights to have thi's patent document naintarned In
secrecy, including @R DEMELORMENTON its rights

pursuant to 37 CF. R .14, B GROUND OF THE
[0002] nvENTI ON 1. Fiel d of t'\i@&?ﬁ)‘&%%on [0005] This
i nvention pertains generally to sem conductor nenory,

and nore particularly.to static random access nenory
ci rcui t INCORRORATHONBY eRERERENGE OF MADBR]AISt at i ¢

Random Access M, | f.electronic
dat a storage @M%ﬁ@ﬁﬁ!%@@ﬁ%&gmé%s power is
[ooo3psuppl i ed. Static RAME ay& AwdlebYleutilized within all

manner of el ectronic devices, and are particularly
wel | sui ted

NOTICE OF MATERIAL SUBJECT TO COPYRIGHT PROTECTION

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0005] This invention pertains generally to semiconductor memory, and more

particularly to static random access memory circuits.



for use in portable or hand-held applications, as well

as in high performance device applications, in
w@ersaiddeo or hand- hel d devi ce applications, SuRtI/ES2004/021162

cell phones, SRAMs provide stable data retention

wi t hout support circuits, thus keeping conplexity |ow

vhi | e DRiseMpbMef Ref#sd Afiet @ retention. In high
per f ormance applications, such as m croprocessor
[0006]cachi SpticRandomhaccsmaemany (Al is adorm of elastroniredata
i) A L h ta. .aty
SRirne WBhot e o RTeuERen pEeE S BT, SRR RANS are

W)y Litif2dd withinhiivpannéy of slatir&éMevRiel, andsivs bartgutdrly well-
six transistors (6T SRAM and rel ated peri pheral

sHitedifariserpp pehangrigldapprlications, g5 wethap de Aigh

Y8ftolinde vioBROBLRir, Q8 boebiPE IR helPagHEger
apphedions, anch antdll baoh@s,r&HAMsH;rom@cmableaidta mgtedtion
|ied, data at C and CB are nai nt ai ned

GBUL NP FeLlise HUSAGSPIng Domelexdy &w M ilkduevidingipust

L 9] . _ . T

Halg RleisH| AiEh peiBrifte BhpRitiond ToutH ¥ Fifbloproiétor
aadhingptlihcé?mb s caanr:bvidegdstcac\c/;gge ,tiln’m'stwhirl]m acr)]pm%mng the
BlLJ an ar rechar at ogi ¢ _hi . en
LSl Tefen eI BINBPaaN DYNBIC RaRgOTEARHSas MEREHY
K@Rﬁ@i ng on the stored data. For exanple, node CJ is

g

nd CBJ is low. According to the word line
[0007]enabl Fh@, 1 sh8wsantypivadt RN cellicoasdisting oSsixdearEitorss(6T

S DRSS o b g foab B s

g%é@rgwawy; (deta Hz,! :‘hﬁggj i 'ttﬁFn%H?‘dTF&n@%ﬂ%Zﬁb Rirhed bR Node
alrs arises, a sensing €nable signal (PSAEi)Is

€l lieesett s 4datai lf )y THerekirgvap 7di i temedosn anthenviol isyened

dif f the bit Li [ ' liflred by the.
Ot B B g B8 powaris STpdlRe BnllafCRild OB e tngiffained
ﬁ%%%v@h%g@@ﬂ\%lﬁt ed at the outputs of the sense

anplifier.[0009] Since the typical 6T SRAM cel |
[0008]cr eat E4Ga2 shgwala wiadf imisgadiagian of the ernvenfionals@&l ERAM cell

e N e T T i O
a2 Garatirhédens S¢ barkeshiR®BL i and BLB_i) are precharged at
Vg, logic high. When a word line (WL_i) is enabled, a bit line is discharged
depending on the stored data. For example, node C_jis high and CB_j is low.
According to the word line enabling, mn3_j and mn4_j are turned on. Since
CB_jis low and mn2_j is turned on, the voltage of BLBi is discharged slowly
through mn4_j and mn2_j. When a certain amount of voltage difference
between bit line pairs arises, a sensing enable signal (PSAEI) is enabled to
amplify the signal difference. The voltage difference on the bit line pairs is
amplified by the sense amplifier (i) and a full CMOS output pairs (Di and Dbi)

are generated at the outputs of the sense amplifier.
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read speed is slowed. This 6T SRAM cell has a very
stable structure and is widely used in typical SRAM

waele®sgm34However, there is a trade-off betweenP@DUE2004/021162

[0009]

[0010]

[0011]

consunptionand read speed. As the m ninum feature size
(i.e. design rule) decreases and the threshol d voltage

of tr gifesthertgpical PSRN dell cneatat ai sigpalrdifiersaes @ndsit lines
operating voltage is | owered, the | eakage current

pv itgeli thgigag seae¢ OhORAY d fasterihanipat eRARAM R ¥rhich A

AR SRS i a1 g Dbt an

ti@%émsmww trh]i;lrﬁT SRAM cmilehaﬁra E@ryaﬁtébletﬂmture and is

re i cur owi ng thro t he dev

TRy g fhbiiosl SRAN esiie JdovEN e HiSTos S0radP-Afhbetween
f

%?%/EP%? imp JHén%e Sugﬁ?&ﬂ”ﬂ‘%q e'n%nﬁﬂuﬁ:g’@?ﬁ{rg%fzeo(f Aesign

can antially ignored for nos
ape) deatases and matm]aslhtﬂdmﬁage\mftr‘ansegnswb tedureddo maintain

advanced t echnol ch as, 0.13 technol o
DRifONBaRGLAS OPeraiiie Alade e e The Iearase siiant .8 Standby
é&@én@?ecbﬁ‘%s'eﬁf’ﬂ d?{arﬁ 'f'éét@i“t Inf\’/@'ib é‘)?é%ﬂ\%%@fnc@%‘ > jis at a high

I gnor For exa or
levakaged CRIrjieat a iaw mutmp;ﬁﬂ andmm t baral tunad effit Even though

6*1024*1024*10* le | of |eak
e dic Gaimates 215 T2 ArE et e st ouitent SRS Jaraush the
Géﬁéémaéfe%dft@rasté‘éelfi%\ékﬁge clfrepfiont 0.18 éﬁiﬁ #8hnology, this
appreciated that th age current tenperature

Rekagd@nirent Rosre il oigler bf IASEQRSES)i arey @mbe @ubstantially

tenperature. For nore advanced technol ogy such as

@notedfareobsidppligationss cel | | eakage current increases
i cant | Ther ef

S oumo HORE g Vi BEEA 86 fiord BAvBRPEd PRIl 48D pp.0.13 o
fééﬁrh&?nm&yggﬁg%ims%'rﬁeﬂt RHUPRhH i rdA?‘ o* @%s%fs;%zﬁg%e 9), the

econe |ncrea5|ng

eebot surednt F3AMonNiongee betigmored! Gdrmam foaad 6Mte SRAM,
t ot al pomer consuned by cell |eakage currents based on

w@&oaﬁelbﬁakawmra%lﬁ.qb@é@ dPa4 .\ihe totabsurrentds t o
t §gf&?2%3$92{%11 éb@éwgg”‘rh%%@eﬁﬁﬁéé@rgg M"rférﬁ e'qgjages to a

tween power

kegé poetish @fpthedot waer tbrswaption taadhe pi@erd;et dt should also be
det er m ned how fast a bit |ine node

ape@ﬁ:ﬁfcgwatﬁh@d@ﬂkageecwmt X L@mpa@mé@r@rﬁe@? !wﬁ%mg in
fﬁsgéggé)mcrggﬁhﬁfté’hﬁerétnF‘e SEGEMOPE abilsn &S tecRRGBYY such as

St
0.11 um technology, the cell leakage current increases significantly.

Therefore, the power consumption component which arises as a result of cell
leakage current becomes quite substantial. As the systems relying on SRAM
become increasingly complex, the density of SRAM will continue to increase,
and the total power consumed by cell leakage currents based on conventional
SRAM architectures will continue to increase.

As mentioned earlier, there is a trade-off to be made between power
consumption and cell read speed. Since the cell read speed is determined by

how fast a bit line node (e.g., CB j) is discharged through the cell pull-down
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(m3J or m4_j) and the cell pull-down transistor
(m1J or m2J) need to increase to enhance the read

W@ pwedocsiowever , when these cell access transi SPOF/ESEN021162

cell pull-down transistors increase in size, |eakage
currents flow ng through these transistors also

krRQERES(mA N | bhhﬁ)Zlej)a”IHi@efdf@ ethetshsé?eaoﬂth@ﬂfdllfdo@éﬁs transistor
i ncrease in size eakage current flow n t hrou

pang_per mnd) and the zell aal- dﬂmtran@s@aé@g _ﬂWemég h dieeq to

I
'{q?gg g e@?énﬁé& ﬁtu?]l%ergggéiﬁkge& gn co‘rrp I{a@g{ie%ngeldg Coess
thahistors tandiscdlilpuliogsumtrangisitob imgease ssidoyeaka§® tadirents
In general, two classes of SRAM cells are inplenented

depraihreugnthase tansisiers alse ingtease.snthislexamplea Whep these
PRl BB L 05 TRER S 2RBh O g Ik 9 Privins

dedimes ,j dricemat afidelmasesr Mherefore, @dtra@meﬁ lﬁz};ciweennhé asll
while the chip. s in a stand- mode is often
Jﬁﬁ%‘tagﬁr%’émlﬁ‘ﬂdéb%?wé@% figve ragk%%%ﬁl‘ﬂ @\ﬁsmmmphcated and

Wﬁfﬁ&ﬂp&gt %é,%ﬁhg%ﬁ ﬁ%bsgs WBlup On battery operation

rern I'S a maj or determ ner of

[0012]bat t enirygbném] thl dassesi of SRAM eells dre impEmeetetiatepending on

wh | data
whgﬁ@éﬁﬁeﬁ’tﬁcﬂd? 658 ST by PANERO" RERREEOMatEe, o
%8ﬁﬁ@a°ﬁdnc \N‘Tﬁrr@ t%floﬁvllﬁ)vgtf‘rlré&gh@éﬁ&%e spibh ra%%w gd¥fer hand-

vent i onal SRAM cel ture 1s facing
hetchdmwe&s tihe Btand by)cmasemt (i.eepawsr gmnsmqplmcrewhl’ne thanpleip is in

FAT oY R Saele o QB D BRI EBR R F R s
POWRY pBRABIMIJIRENSHEoken Fp chalditdrp akaaRicRUNfERin bnd-by

concern. When device sizes are scaled down and
currephisl ajmajnrtdﬁjerrmﬁet ohbaiterydife. Thisrieds eenhr@stﬁq |d)'mhass

I t d

PERS EfiEndaiah8fatinhS §1EG s foCas BT RNy, S ERL O 5 1Ead
9pEES T é‘ﬂ@l’ltfébﬂ im;Stﬂther aﬂlé\}vé\t/é?r gdue t®aldthsthe ﬁ\@f@bdwd)ﬂ’the cell
a need exists for advanced SRAM circuits and net hods

leskagedusiony the seayentianal 6At SRAM pellistrucibre isifering a eghnical
BB 2o i oS 6ot AR R U Rt Shaf 5iteB88 ana e
dreviesitivoitabe SRAhaistdTs ideetadses - to meet the required speed, the
power consumption due to the cell leakage current is a concern. When device
sizes are scaled down and the threshold voltage of transistors increases to
suppress leakage current, the cell read speed is degraded due to reduced
current driving capability of the cell access and pull-down transistors.

Accordingly, a need exists for advanced SRAM circuits and methods
for reducing leakage currents without sacrificing read speed. The present
invention fulfills that need and others, while overcoming the drawbacks found
in conventional SRAM architectures.

BRIEF SUMMARY OF THE INVENTION
A static random access memory (SRAM) circuit is described which

provides reduced leakage currents and high reading speed. The novel
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BRI EF SUMVARY OF THE | NVENTI ON [ 0014] A static random
access nenory (SRAM circuit is described which

w@e@sioasso r educed | eakage currents and hi gh reBdi/ng004/021162

speed. The novel architecture described is configured
with a novel read sensing structure that can be
lé%Huﬂeéﬁﬁe'dbs%ﬁB@d Redoriured Witid hvdInead @bh@ia structure that

threshol ds for different functional bl ocks w
denibeeytilizhd 4 cagimtionofith diferingemitega thresheldsdor diffesent

FERBIDAERRS Wil SRR, R bt BE e 9o ifigrCatbe
UERzEd s)shrhteot Mecdrabicagens ty inefdase the&bzkd@fenemory and/or
enbodi nent of the invention can he described as a

e layvey the\nom@rmﬁm@qmg suehiep desuliiae froat iesleakaae pyrrents.

[001 5]303}0[]931&”?@5? m@ntdrth ‘Erh\}é%%%aﬁed ééc.rrfbcé%ilgse? havhBg,

ura

tenickiprodting stalis randdmiactbss ménhonyt cowprsiagt (w)laustatig
read, wite and storage. By confl urlng at | east qgne
Sremary gallRtiyciwg hqwrw:ﬁsplurguwf @ latcheyudbhamiurality of

?Lhﬁcﬁféhtal @B@gﬂwthgﬁth@rdqtﬂ Lﬁe%élﬁﬂf p rFBBr\{vﬂté %‘0@ IE:’E:Oéage. By

res e curren
canfl@mrfgldbtsltaasit ?mé bS/tHeefdncmhal Ibltocx)@eseafi‘oasl ithnee réadt Wwerd circuit
rd signa and gn are par t ed.
3@}%@ WiAIOTY cligdbPbalowe t%ﬁ‘? @ upliaga iizakage current

Vé}’ tﬂé%v'i%ﬁ(?aﬁ gé%ﬁb% Eléllyﬁfﬁdu\é@He‘i’n %?ﬁi ;égﬁb%cﬁ?r%nlt tH¢Fead

ose out rlveaternatln
suoecd sma&endmrﬂe Wohd segresd aaerpepénadaed pAo\erdmdlment is described

Gubl dteds eabiepdat asrattibion Aeneted Biie réadlines
wm%atd&autgw.v%eaﬁé%ﬁ»&tmgbﬁtﬂuﬁés 8n %EH@ééél\F&e\WbR% h&\%eRge 2

statl ¢ random access menory conf |gurat|on npr|S|ng
(aa)plwnepptmmtaa qlffeferﬁlahsemmgmﬁtm bitlines tQ;dn‘he the éuipnbdata.

oote1, 2™ dSBET Ry et oSy Ristobbi  flamor

[0017]

welice iy a%@Qtlc&aﬁﬁéﬁﬁbéééés%ewbbl"?ﬂ'@ura’ﬁ’c')rﬁ)(‘d@npr|3|ng (a)a

including Tead, wite and storage.” At |east one

piuality of statls mermory selis, stshas fprved fiaya deth laibcm éb) a

Plirafiy 67 yorf bR Sor e TBAE buE AT rph ity bR 18t wrie
St Yl a Phrdiigest fanstional BlocRe iclidinghesd, wetathriRpétorage. At

fransi stors are connected between different bit |ines,

Iaast ena-af e funionphllecks is rrefrralilyranfigutRd fodhave different
%R%é]gwrgghg\d c%%ﬁloﬂg%érﬁ b oth%p?t%&ﬁ)na%locks. In one

embodiment a reference path circuit provides a virtual node to which read
path transistors are connected between different bit lines, wherein the read
lines are sensed using differential sensing by a sense ampilifier, such as for
suppressing leakage current of cell blocks.

Another embodiment of the invention can be described as a
semiconductor memory circuit comprising: (a) a plurality of static memory
storage functional blocks (cells) having a plurality of data latches configured
for being read and written; (b) a memory cell reading transistor functional

block having an input coupled to each storage functional block and an output

-5-
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suppressi ng | eakage current of cell blocks. [0017]

Anot her enbodi nent of the invention can be descri bed
W@2008/0863m0 conduct or menory circuit conprising: PCHYSA04/021162

plurality of static nenory storage functional bl ocks

(cells) having a plurality of data | atches configured

©Blp I'%ﬁ'th)rfeeé\%tElé‘é’stVWvstlﬁﬁwesaahd?{‘cf@%ﬁé!e gﬁidnﬁéewh 8d

transi stor functional avi ng an | nput cou

babvean thedit linestaridetedting data beiny eeadduemuaid dpfael@tqhes in

Bokicheed difahua urleche OREn R plebed, F3REmers. fgo read

datiaviteifogcticral biockecanibe ewmifigured ahitBdowsr veitaRbeesolds
differential sensing between said bit |ines.

than ther memory 1aieh treagisiarg, while & anelber yanatian bekwliags
DRS00 T thg Yo4 hanaBRTS i GreiBley 10 BaRS Riek 1 Gsnidld than

thewyitd tragsistdis.eshol d of the read transistors |s
desi gned to have a Iovver threshold than the wi

[0018}t r ans J@edngent[m@y afsrebe Ageniibeshindigymg i & rnethod [of accessing
SB1EDL BSET LRI, RS B B ERLh o Bendisors
'of Etfiretrwdlisagerthl'aéhstobmebﬁ)rmirfg a siatavBitdhafpe o statis hwdrdory cell;
| evel formng ala‘tch for a static nenp

(l& %Fﬂ)b‘f‘%%f&a& W‘ér doscwate regd gv,qrpi\;gar@ﬁ%@goef%é%cond
I ess tﬁ%@é oI8fwrﬁcﬁ I%Qgt ﬁ{rfn%% §ﬁl?8%ﬁgl&héﬁé‘(d3%en3|ng the

| rst vo tage t esho and sensi
outpuitof die tdeel weradltransistors ang isehse amplifiar semsled to a bit line to

anplifier, co to a bit line to generate a data bit
Sggﬁiﬂte a[Qﬁngft qﬂ@ Ut-nvention may al so be described in
[0019]t er ”Bglr‘Pufe lﬁvéﬁmpﬁawalﬁfﬁé%%’s&%&ﬁid t%rrﬂfs oA aSrhatr el of accessmg

conprising’ (a) nmaintalning data witten
ceﬁmsf ststatic memﬂm,g:canplmmg | (@) oraifftaining data wattanrh@trynmstors

i as ARk ars 3Etetat Ly oSl db ipb e S iHeiBet signats
w BctieRd réed Ol/drdfl ARPEBIRESahd) (A STRRRR tﬂ%dtﬁut%f tRe¥eA& dord
between bit lines to generate a data b

fansistorsdn @, sensecamMplifigr coupleksbativern rblttlrﬂeséoaanerate a data

eonfiurd'hlo [ I !

PRl Gl RSl plotis Hin 152 b8 rmemonygan be
%hﬁ@.ueaqmmom%ﬁage ftfﬂ‘ébﬁéld@ﬁﬁﬁﬂﬁa@ﬂfé teitEslobie alane read
currents can be exhibited b e circuit.
and write blocks, wherein faster speeds and lower leakage currents can be
exhibited by the circuit.

[0020] A number of aspects are described for the present invention, including
but not limited to the following.

[0021] An aspect of the invention is an SRAM cell structure which has a
plurality of functional blocks, the functional blocks including read, write and

storage, wherein each functional block can have different threshold voltages.

[0022] Another aspect of the invention is an SRAM cell in which the read path
has a lower threshold voltage than that of storage and write path.
[0023] Another aspect of the invention is an SRAM cell in which the read path

has the lowest design threshold, the write path has a medium design

-6-
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[0020] A nunber of aspects are described for the
present invention, including but not limted to the
wo edosoed3my. [ 0021] An aspect of the invention PGI/ES2004/021162
SRAM cel | structure which has a plurality of
functional bl ocks, the functional blocks including

friR@sholMantetha brab e hawiies Al egaaés@umﬁrtesﬂaml vdtiagek
can have different threshold volta [ 0022] Anot her

[0024] aspecAnother epeehadithe divandioaris 8 AM ¢eli ﬁrwmuwntw#@ch one

G AR, LN GRS}l O 0 e

hlreraating fead path tRinfdistoad and to whirakal tnbelerelsich mtoniexted to a
the | owest design threshold, the wite path has a

secaiansisighiorsupnesslieakade Kurenbekerll BHIaeks-has t he
[00251"" gheﬁhoﬁ'&%?'a%e&hé ‘?rlngen\fﬁht@%wg@‘z\ﬁt}mﬁﬂ@ filch has

aspect of the nven ure In

gépa;r’ateaﬂmd@nan blad:ksDénd ridppatibnt wartslirsgsoios regiceand write
connected together with one termnal of alternating
paths- path transistors and to a virtual node which is

conn
I0261¢ 77 BB SeppERGB A FHEyS) o RamreRiaa Laphapa
sepaate fnmcihenalrblﬁéwd\bm thecsame wdrddinetfas rmpamdawsite paths
10027] g vARPEISSARSC 9100541 TeR ElBeco G74d Rt Soners with a
ng'tslog&[é @? 9FAM structure which has separate
a

unction s and the same word line for read and
[0028]wr i t eApatHes aspGOlZG’r] thanitdndionds paeference head pattnscheme with
th scheme with a PMOS source

a reference r
é\ﬁ\g5§g?urc?gr@@§s%ot her aspect of the invention is
[0029] a ref gRh8iHe? arsgéét FathB iSEdHoR Yk d ardhitbMdre FetheHlacement of

transi stor. Anot her aspect of the invention is
t&fereancefreedqxatlnse(RIaPs) ard peaseamplifiers (Sfsgir distibuiad,
RRPs and sense anplifiers (SAs) in

at hs
@ﬁ“}ﬁ?‘? rt"é’ ICHHB%'YS(a '8Pm xed configurations. [0030]

[0030]An0t hAhoﬂﬁa‘P%%be@ﬁ oftthe invitiohii®thé Srdhitecturé fort etusiligation of
for the utilization of either shared or dedicated

?:%g)rm@d o¢ dedisated rqfaper raad padrs@RNg) and eesse amplifiers

[0031] Another aspect of the invention is an ability to implement various forms
of SRAM memory such as multi-port SRAM, embedded forms of SRAM, and
so forth according to the teachings of the present invention.

[0032] Further aspects of the invention will be brought out in the following
portions of the specification, wherein the detailed description is for the
purpose of fully disclosing preferred embodiments of the invention without
placing limitations.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0033] The invention will be more fully understood by reference to the
following drawings which are for illustrative purposes only:

[0034] FIG. 1 is a schematic of a conventional 6T SRAM cell and peripheral

circuits.
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[ 0031] Anot her aspect of the invention is an ability

to inplenent various forns of SRAM nenory such as
woreiosioeqsart SRAM  enbedded forms of SRAM and BOI/U820041021162

according to the teachings of the present invention.

[0032] Further aspects of the invention will be

[0035]°T OUgIHGOYtig bﬁirﬁmgrﬁﬂkm&gh@%f\gﬂﬁgﬂi 8TSRAM cell of FIG. 1.

SpeCIfI cat 1 on, et al escription Is for
[0036]t he plnl@o8ds afschelragicdifsul IRAM)cell strectuealaecdrditignerarsaspect

of. .t he invention w thout acing limtations. BRIEF
St Bropbikitienfol ettt JeRnBoc v sphiriRdpr
[ceAFdiling kel icumeniel @iretit! | be nore fully understood by
reference to the follow ng dra\é\gggr?ls whi ch are for

[0037]i | | ustii@t Hde 4 e EMINDHiagrams er3RAMicelsshown in FIG. 3.

[003815C,'F TRIGE A 2 G WPk ghfar? or SR Gotndl) Reoanizagions
fetoidity fraivbtinads of ThepAdeneidventiofr] $howling 9 Bfcement of

FIG 3 1s a schematic of an SRAM cel |l structure
selesenrnengnd seachpalhsect of the present invention, shown

ouse 818Ut B SR E5)SPTLGRL Bl o
dinagEpaiet of thie preecPRANE oI, shbaiy sendihdscirduitry @Pd&dircuits for

FIG 5A - 5F are bl ock diagrans of SRAM nenory
&rpHAllingced ipakage e t o embodi nents of the present

i nventio i Qﬂg@p r and read
pat hs. [Or%gg{&ﬂ%%%%é]lé?ﬂgﬂsc erra-trFlch Io @lel}g'ﬁ port
[0040]SRAM ¢dférrisigrmotauspecificaly do tige travingasipe dlustrativénpurposes the
present invention, shocw' ntt% sensi ng circui “}%lh and,
Sresantinvandipnds gmeadigh i theiapnasatiggeneiglivethown in FIG. 3
~DRS T ; (A Pale
bR FRCLP: e 2P pleg e Y e apPartf oy Wrg e 8
ponpgsration lradpsoatdtailnotihe parts, andrthatihednethadhmay vary as
aratus.general ly shown in, Fl 3 through FI 6. It
R Bosclndsleh aclsdtniaticnuitpt dehar AP ks pasic peficets
cRMis It h&rimnd as to details of the parts, and that
the nethod may vary as to the specific steps and

[0041]sequerde, naw SIRAM agd sinuciurg andoelated sbasing schaoepars
configured for overcoming a number of the problems which arise with
conventional SRAM architectures. One improvement is an architecture in
which specific functional blocks can be designed with different threshold
voltages to control leakage. For example, the transistors of the read circuit
being configured with a lower voltage threshold than the storage transistors.
As a second example, the write circuit is configured with a lower voltage
threshold than the storage transistors, and the transistors of the read circuit
are configured with a lower threshold than the write circuit transistors. It will
be appreciated that the inaccuracies in fabrication lead to small differences in
threshold voltages between devices, however, these slight random variations
are not what is being addressed herein. In the present invention, the
differences in threshold voltages are in response to the design of the

transistors being fabricated, and the difference in threshold is preferably over

-8-



o

as disclosed herein. [0041] The new SRAM cel |
structure and rel ated sensing schene are confi gured

wo ensoesicon ng a nunber of the probl ens whi chPEF/US®04/021162
wi th conventional SRAM architectures. One inprovenent
is an architecture in which specific functional Dbl ocks
gmtbﬁ,ectgseglp@ebemt h different threshold voltages to

trol | eakage. For exanple, the tr S|stors
[0042]read klG. &Jl"ﬂsﬁﬁ@ﬁeﬁ@%@@m@‘@r% %ilm?né ﬂfé}ng\yﬁ%&l cell

t
Lok a0t U 4300 SEESFI P oFe SR ilon. Tho
Nﬁlvtceﬂ strubtues lcahcbfet thiﬁlzed lm’gsm anggizet ofanemeirp biockahe. 128WL
the transjstors of the reaq circuit ar nfi.gure
%PDRERS S nowsBL MR CaTaNs e uorde G F2 (i fiEhes), a
BraRsica tr8hg path 1?"‘3 B§J§eﬁ§é°ér%ghﬁére¥btﬂﬂflkéﬂﬁe onventional six
i naccur acl eg I'n lg'rl cation lead to smm di f?erences
fransisioe SFRAM oetl stragise lsbowedn Fdev il the néw &RAM, callshown in

élﬁ%ggtgglr@gﬁg%n gy EcI’cq%ﬁqIsllosﬁzgs Zr 7 gﬁ%pq%\a}'téqﬁ ﬁm?)ei @i%éransistors
{iﬁ,ﬁé Sheb gﬁﬂo,pnathﬁ@;% fﬂlg}églrtgm tAE @ell L 5RA %S\ﬁn!eopath to

bei ng fabricated,
clengdi fhbeﬂeélrdﬂa |whllertwedrmiausto§ (s, emaza laye tiged aﬁ@romhe cell read

f 1 Fl G t t

NSRS, IRG IS Bt the' Gl Hrsislpleu iFe, ol 28 Panapgted

f e S dvifieiteit 6f aﬁfé'&@ﬁ?célﬁ%ﬁ%é&@t@ré jé'l‘i?d @fé?ﬁﬁl@d to a sense
vention. The new cell structure can be utilized

ﬂmthler ahlye sour@eddeeewftﬂIMrmaﬁtprS( in. the ertigmmemerygBpgk or part
gﬂtﬁg@yg tnieurfltgkjyg&g Igggr | %gcso&i’{eﬁ{efgﬁgﬁﬁleg dseéég\éﬂ%t&\ different

@gg hﬁé@@tgﬁ Unl i ke the conventional six transistor
cell structure showmn in FIG 1, the new SRAM cel |
[0043] s hownln ’rdmwmboglre@mﬁdheé@@c #hrgsholdrepiteneteyels @rpghowpvith

Sigr B 15 rebheld PREREIH gh PiagdPiteGifle TR oo B

6pemngingtvbftags! Whitkathe vl leadttransigtensétionr 20 {snetmfigardd with a
are used for the cell read operation. The source of

loneer dioltrge dargsheldnsi stors (nme, mf) are connect ed
[0044] ¢ ©9€t I}Fé <§< €§{at8fwﬁgh %ﬂn{}l (\&ﬁéw{)tﬁcﬂ%égra?{&SRWngl%ad

and are a sense a ource no

Wbrcﬂllhe)tair@rmllégloﬂ@/v,l mnth@nerdnd mneeretyrnedafk Whepa€t is at a
of the entire nmepory bl ock can be con %Ied to et hde
bighdave!mndoq 1 8ils fy. éﬁpb and mna are turne and m mnb are

turned on. Thereby, the data C7 and C71B are maintained. Since RWLiis low,
mne is off and there is no current path through mne and mnf from a bit line
(BLBi) even though this bit line is precharged at Vyq which is similar to that of
FIG. 1.

[0045] One of the differences between the embodied cell structure and
conventional cell structures is the use of separate paths for read and write
operations. In the conventional structure, the cell access transistor and the
pull-down transistor need to be large for fast read and write operation.

However, in that case the cell leakage current becomes a concern. In the new
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design targets. [0043] In this enbodi nent the |ogic

threshol d voltage | evels are shown with storage cell
waookawismy a normal or high vol tage threshol d, P DUS1004021162

gi ven operating voltage, while the cell read

transi stor section 20 is configured with a | ower

%@ll%ﬂﬁ%tdr@ ro?%lihobﬂaseh@ P%htléﬁ‘ énd% R \Ag(@{eaéﬁd nY)‘ffFQnd write

(MKlte wor d |ne rea |ne
mathsagmc Iaod/mmd)@remnelfeaably rsaepaea’ce andrthe<$t<nrhge thxm Giithe
a_hi h | evel and

clte ik 4Pt Mgy e Bré, Rolfta SR 47 Fortliowfy & fesigead
dpbad @aéﬁi@v&i BlcHRwitR b ghifieshtlyuppre 34 célﬁeb@éﬁge Bml‘f'ent

is off and there i's no current path through me and
[0046] r om 4n the ccn\r@tlpaame)ll ﬁmunehdughelt tragsisiars caneoti ke readlly

{ { t
Rofiagteeic Shodn ot hufoRid Joroder O adnth o botween
(sdaget dutedrit R dand ceRrusiEpesd! viedn the éélpﬁ’é‘lﬁé?ﬁo@hé\'i@a
use of separate paths for read and wite operations.

ihigh theeshmd watiagmto supprass thecelt lsekage Icurest ke cell read

58831 0beRlR gt AP ORBRL o B oo,

bbpémemys the bell seddss|prrkagrdOWN HRINEISIee 0 IFSVEy FOMCBEhew cell
In the newcell structure of the Eresent |nvent|on

straeluire pé thespreserhiavaniemming thigghald v@tasstqféra(nwséO@r@n be
%Pﬂgrﬂlzéog n?){g% f3 %E?{?véiy S ?BE L& g?éq ‘ﬂraé g@?b% :bg&?( tP étgl% (mpa,

mpbnrbohe and adnipadrid the dalsacdeeadrmsmsl(mM&m) are
al otjfwa with a si 8n| ficantly suppressed cell |eakage

Eahly cpalied as high thrsabeldtvaliage Q&@mpnatptﬁswr@ss the
ﬁsél}g(agéléurf fr@@ﬁic%ttﬂ{aﬁe pang e 'ns e‘?é‘t%'d' ﬁ-[éfééEIWe%ﬂ diftration.

rt di er ent old vo a es

insidad aht dedltreae trahezkag e{nmrammn@m*etdwﬁgafdd foctzale lower
tra S|stors have a hi gh threshold

th |
f/ﬁ'ﬁﬁgﬂé ggﬁ%ﬁ?@ﬁ%@/ﬁ& &ead epaRdge current, the cel |
[0047]" ead ﬁpﬁféjné\g c‘éﬁ%’irﬁg e O fhd retsléﬁt [REHESS %Hhrﬁl‘tlon Sf the

drivin capabnl transi tors especi a
anfclaatearabd qmmlﬂgumoimnth diffesest threshdﬂdmemes tormeebdemg\n

Fenieeds. Hhiwdy of sraReln e tiBArg PlaoRB ALE Siorage part
a@geVﬁhm.oﬁa bIGeKd BRbGhe WHle Pa®t AdtteTLRENorid] Bt £8h De
conflgured at higher threshold levels than that of the cell read path (read
functional block). By establishing the different threshold levels the cell
leakage current through the turned-off transistors of the storage part and the
cell access transistors from the bit lines can be suppressed significantly while
the cell read speed can be improved. It should be appreciated that the
leakage current of the transistor is reduced exponentially in response to
increasing the threshold voitage of the transistor. Therefore, the circuit can
utilize different threshold voltages, such as for the storage part and the read
and write access transistors, to arrive at a range of desired characteristics for
the SRAM device. The SRAM cell structures depicted in FIG. 3 having three

-10-



5

10

15

2

o

25

30

npb, ma and mmb) and the cell access transistors (mmc
and nmmd) are preferably configured as high threshold

wao elosags4el enents to suppress the | eakage curreet/USionoe21162

[0048]

[0049]

[0050]

these parts are not related with the cell read
operation. Instead, the cell read transistors (me and

g8paradé mrfc@iahagblbe@b ts@orﬁ@éewhfé/\ﬁﬁd Féﬁcﬁ?é!h'sd D@ fo’iﬁl%sdeSlgn
to improve cell read speéd he new cel |

of tha:pnaseanRMé epcbgétheaafueﬂmnﬂi blagksttandes Hesigped with

VA ElshS Yk Mk B bR cBbbag iy ' i ¢

ngentthe threshol d voltages of the storage part
(storage functional block) and the wite path (wite
f unct ApREherimperpntaspass of Hie inyentien iga ﬁ?@ﬁlég scheme related

W a0 SR A BEELS OBl ol e FrantlBRRIEhprid. % reao

phtreisieintiebzdetosortienef theldit Iimka{l:ﬂ exanmslaf |ntthe<.w;g hell tthe read
turned-off transistors of the s orags part and

vanpisiars @68 cppppatpdite the pit Hﬁemé (BL-BI) jandder H};?nn@@ "Cell below,
HOREPRSALA A SATRAet b8 SRR FRABEC S Sthoig

soinerastio aletédighe sigmsl difference o thecbid lina paire s aabl |mp|ortant

sponse to i ncreasing the threshold volt
T ﬁs@ﬂwenm?@m@%m@awm mRQTANSeRIC gaereqwrements

gg@@&ggf@b é;gé;euﬁe hiRREStheTHSE t@hsistorsidif ﬁbﬂa,ra%ﬁrg the

vvrl t'e access transistors
apeed'byanhlm signgbdifferetesisradthehsit bod are sensesl. fld)shomid be

S SRAM ce) |. dinELG
BOreMal i BB R i DI REON, FRicRd ordY fy thgubmemory
Wfdck%r%ﬁné?ﬁﬂhtg%g%ntlFéJSIoEQ @é%s@ea?hﬁﬁle‘?ﬁ 6lhi8y BE%?&EEd in

SRAM each o se functional blocks can be designed
véspect taths Isit bmsohalvamd wittf frertipie bithineshol d vol t ages

I e e o W
E:foréﬁ?ﬂ tWéts'cbﬁaQS ﬁb‘?ﬂlén Shd U6 Wiits BXI 5 OSIAgPENMRY thaRsistors

the inventive Cell schene, the read path I's connected

withdrighertthréshold voltage@ghanwhmm@venﬁonalesIRAM eell |

RS P 50 B GBS B G ey L s Bl

Lokasd firesifolatiears afineetindné etdrage leiell. Mhees (sE’érhdther current
Therefore, the sensing schene to detect the si

aafty isrtbadevoeel, whigh is telated ydihy theiread tapsisigrss Rlé{hen the bit

line pairs are precharged to Vyy as in the conventional cell structure shown in
FIG. 1, even though one of the read transistors is off since the read word line
(RWLI) is low, there is also leakage current flowing through these transistors.
For example, C17 is set Vyy, mnfis turned on but mne is turned off since RWLi
is low. However, a leakage current through transistor mne flows even though
this transistor is turned off.

In one embodiment of the present invention, SRAM cell read speed is
aided by increasing the size of the read transistors to about four times the

conventional sizing. According fo the invention, the read transistors are
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The bit |line sensing scheme can realize two inportant
desi gn requi renents, suppressing |eakage current

W0 kosig34d he read transi stors and increasi ng tPer/Epmed021162
by which signal differences on the bit line are
sensed. It should be noted that the comon signal SL/

boniRjLEEe WAl & IaWeraRrbshdld voltade® ifiprowsrtiie/reidospesl; the
connected to the entire block. Sense anﬁl ifier 16 mu
€

te@kgga@elaenhﬂ@\_&!wetefom theaepdpath iemeichdarges than thet ¥lowing
mﬂ)ﬁ%r ggeér%tﬂareﬁ'. gﬁfereﬁoqg ARk dePELASh s%hQﬁJeelreﬁétx,& V\ﬁ{h the new

vention s to sup res € current

BRAM ecli saustire pan@uppremihbhealvaget @era’cﬂﬂobwngm\roggh the
smal ler transistors wth higher threshold voltages
feachPahi | i zed in conventional SRAM cel|l structures. A

I
10051120 Bl e o AP SBRPIER PG Ry, e i P Lot the bi
Khes agé@loating in dpescharge atmehﬂhlcbuesmtﬁ inpelininating the pewer
cell, which is rel ated I@I} dtranlstors
SRl OUr e O BN BT o kS De b e ey oRerde fradsistore
flﬂﬁﬂ?mén%” }%laréhi %waﬁdmé &eghﬁgelstafev then are

one rea transistors is off since
aemdatw pdot tm@e(rmm@peratmbmw setiiegehe ditdines tbé&)aagen the

SohvRTtonalch et Alboh ik Siuchie fed Rbinss lrakege ourrent,
bLHrBSI@rr%ﬁséé, \W/ﬁﬁ sBWdilelSbit e Hd?ﬂ@”% thé cbﬁadﬁﬁfﬂ@ the wr|te

current roug transi stor mme | ows even thOU
pparationt d/Nhee tlnenene@oqrocfwel{ﬂumlb] the voh@g@af)bmimemare)fnrtuany

t he t SRAM I d "
BOPURI SIS pOlT leckBie SEnERE “Windr® Bt RBRS HatcCirt Wt is
aRabled! RHASEIONE tridEnd AINYE BFd AAED DhZdtbnodE @qramdm:st10are
the invention, the read transistors areconfigured

aomrtmted tobidines &uandaﬁj&/t espeptively Bincertbe ntslmd
(S] re

eRRETEa Ben SURSAT IRl RS 2l Gl Mo RBFOTshatcnd wenty

ﬂwsqéqee » whEe tHEEWri&eREh§i8toss BRIBwWitEhad 66, Nédd CtilhdeB are
SRAM ce structure can suppress the Ieakage current

tissharged dueioyh chaeger jswlrmaeffﬁctmmbnqd@% igeggstoeed by
HHBSSRE TRRESTED dote, b it 4 PER ¢ Sdp P e iy of
H%%Héﬁgin? 1% @iiferdntaSo)h theeidpaV&ises eReh YhaugH ﬁ@dé C9mand C1B
the bit line. That is, the bit line prechar ge

isrdineharped slue to charge sharing effect, node C7 is discharged less and
due to signal difference on node C7 and node C1B, the voltage of C7 and
C1B can be eventually restored to Vyg and V.

[0052] However, in the case of mismatches in transistor size and threshold
voltages, a different situation can occur. For example, node C7 can be
discharged more or less, the stored data information can be changed,
because the threshold voltage of transistor mpb is lower than that of transistor
mpa due to fabrication process variation. That is, data on node C7 and node
C1B can be changed from high and low to low and high, respectively. This is

a possibility which can occur in the new cell structure of the present invention.
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(rmppl_i and npp2_i) are turned off during the
precharge state and then are activated prior to the

WO e@d/oa3er at i on by setting the bit |ines to VABCEHES1004/021162
the conventional schene. Although this structure can
suppress | eakage current, a problemarises with

[0053]s0- calThetk aRd éddlltl@@alhﬁmglsmﬁ coh8idehfedfrtiing sémsirigopérations

wite operation. \Wen there is no power supply, the
whiende hijlingi is floptieg. Epélnﬂfaﬂ@aﬂn ordgr do @bnm@tetaomlsmatch in

TR SERE BRI KA R BB To BefofimufH P Hictproe

opeetidnitodestic tadirfvBlid aeasingritestedt drigebiThié eries oPlefation
and BLBi, respectively. Since the bit |line capacitance

repregpRrisepegd pem%tyg@ it delaystthaachial sensingrineess: of ke new
ééﬁﬁﬂﬂct@,}‘lﬁa% rZeSn ;ﬁggﬁfon %nbﬂ%qgtlirgtﬁeuisegﬁ é@%% a

are sw ed o node and are charge
ﬁredtr@rmopbmnbng effect until node Cl is restored by

trans tor Si nce nqde C h_and n de CIB |
[0054], ow, !3&5@ I BP‘QBH’&?‘%ﬁ Ei%“res@&gf PPN} eS%“OY%' Sens'“g
Bésn ?V&ﬁllknﬂagﬂ aﬁg e‘?‘é‘l“n’orﬁjr%nhé%%d iagove and

gl sc arge ue to charge fect, node
Whaﬂh@argeubpress thean baﬁagetcurrengﬁaw ngj thf@rgimihe read hichsistors.
node the volta

.of 1 and S b .
[0055] 6y oy ARPISFAPES IR SE1e/8 WaHeh o08:algn e Plsfierds oPpiption
EHS s@nﬁgl%c?‘%%s 'Féaﬁ{%‘e‘:&lﬁ%dt??éﬁ Bé%été?ﬁerﬁbé RitifAAg a new novel

hres vol t ages, er ent I tuati on can occur.
Emufemnrpcwatxmg;w&aaus reéerrexbtajhe@imagedefareece;reaobpeth The

h d b
b M SHoPdeorPes i PR B ordidngnirnt e vion
E:G#énlotﬂrlﬁlﬁg‘lﬁébé’élﬁﬁ/ diRRl f8bd& Habthia€ 8f el cdir e@Bfansistors.

variation.” That iS, data on node Cl1 and node C1B can
[0056]be chhh@éxﬂlcfahmﬁhﬂ §RAAM devie arobodiment shawghin FIG. 3, the width

PREBFERAL B0 omtSion i Pt St By 4 af L ReRbastfon 20
soRbEnd@eEbatth HoBORlindd) Nferbh KR BakStoFLBaViIAY Mdth of W
sensi ng operations when the bit line is floating. For

AR stasked and tae @léalntqi twpistagkeddransigteris @ennacielido a bit line

BB 19 Solieldfitd S tlirAisipns b dmRERRERR Vit groune

Bigval Wwiichas silsegcalorgtabto thiel ssturcd bf Bve stacked peinalsi@s in other
re esents a speed penalty as it delays the actual

¥§!$r ocess. The new cell structure of the present

[0057]' ”Ve”H 2 ARRIMFIESU IR dREnT Brdtwd Blatk8Y iadsistors

having width of ‘W’, wherein one terminal of transistor mne is connected to
BLBi and one terminal of transistor mnf is connected to a virtual signal V4,
shown represented as a dotted line interconnecting the two cell read sections
with transistor mse(A). The other terminal of the two transistors, mne and
mnf, are connected with each other. The virtual signal line is connected to a
source transistor, mse, which is turned-on in read operations depending on
input condition. In the reference read path two transistors, (e.g., msa, msb,

msc and msd) are stacked. One terminal of each pair of transistors is
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precharge operation. [0054] The enbodi nent shown in
the figure (FIG 3) provides a novel sensing schene

wabioshoaaeesn' t require the precharge operati onPCT/US2004/021162

nmenti oned above and which can suppress the | eakage
current flowi ng through the read transistors. [0055]

EbRne&eaq0 dRh bt IRfe. SEdresRINblE Cihetdralfil Rt @%sistBEmsa is
precharge operati on and suppresses | eakage current,

@annwedrtpllﬂmndamemdurce ohtyansistow mel is carinested to Vg, which
LFOPBEH AhotB o T ThR G U GoPels st gansistors

hmdammsu éretdbrm@@tédd@ atHer et gaion tiaakishsr MY fent

driving capability @eg] to about half that of the
cennected do refgrencst wo m(RRMfL@rbandathe ggte pktramisior

Bt S Ro R PR B e sl o b dpg o oo are

sRoWN Aacb B Siftilaflp t@ Grapbistatunsed TRE driip ¢fakdriiktbl MR8 is
Wherein two transistors having width of Ware stacked

saanecied de HitdingfBh Bicanst theiaswiree ahtraasigtos megd isgioneectad to the

VL Bustel 5, s SGYEE o Unr e B stfdne i o
vansitdromed afe comMstee tbdethéMeTis® éteeoﬂfaﬁstaosmkgd
transistors in other SRAM cells. [0057] In the t

sennegied tp gnother katerence raad wew lingsignalcicdINVLD) and the gate
b AEPSRLR Lol RGeS By peR R

e &nalalbdcs‘eléomebyl Wit addrfssiisfoenatiest @deriabléd whehuheé read
[ shown represented as. a dotted line

si gn
PATALIORAET NS EIRNALIES 06 DL ST soMhen RRWL i
% tor nse(A). The other termnal of the two

ransi stors, mme and nmf, are connected w th each

[0058]ot her It sRoaild/be hoédd ’Eha@ VRRVMlemd RRWWba ecd eda!bledéselectlvely

Qurce tranpsistor, is turned-on in
AT N A GAT SRRRICE SR 16008 pekh g the other line

fseéﬁélﬂgﬁ ﬁsé %WLP%I{E i@g%@? WLais f&e?teggm‘rﬁe s%Pcef of the

MBC an are erm na
soamsi tsammstor giseris eohpected teda}wdn sourcel ofnmnsiétorsenamahd msd,

bihie S5(te Toromteniad it Bie Tees el rs Lo ot AR

g S s ALy Rttt SRS e i e
tragsistorrmsd lsea §aM @S dfansisiosindhisrexasapleshowever an NMOS
transistor may be alternatively utilized. The order of stacked transistors, msa,
msb, msc and msd, can be changed according to design implementation
without departing from the invention.

The width of stacked transistors in the normal cell is ‘W’, but the width
of a transistor (i.e. msa) is ‘W/2’. It means that current driving capability of
stacked transistors in the reference read path is half of stacked transistors in
the normal cell. Actually, the current driving capability of stacked transistors is
not exactly half of stacked transistors in the normal cell but it is required to

have smaller current driving capability of stacked transistors in the normal cell.
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connected to reference read word |line (RRWa) and the
gate of transistor nsb is connected to a read signal

W@ RB5)p06370 ansi stors nsb, nmsc and nsd are shownP@I/a8md4/021162

[0060]

[0061]

[0062]

[0063]

[0064]

simlarly to transistor nsa. The drain of transistor
nsc i s connected to bit line BLBi and the source of

tTt‘fH‘?xtﬁl@%f tFEfLidtSrsCiANAE féfRferice (2@ pAthls abt&ﬁﬂ%djaccordmg to

si gnal . The source of transistor nsc and the drain
the desired @m@etlnﬁ di.arhalicibahetresd maibétaﬂ@rstorshe gate of

wor d PRt ouoR RS NG AEPsb S AR Pyl F8ibing

geiterhe. FIGNaat-e4B U@pfchgelﬁﬁﬁ?l tlﬁilﬂ@WhehR@WLl iFRENdslecdan#IG. 4A
RRW.b are enabl ed sel ective w th addr

depistsiie erse \wher Gl diowmaBe QﬂEeISrI@WdW;blde HFl@t 4Brflepicts C1

) is sel ected when
gﬁ@@ ’OWSé}gjengerg%ﬁ%b%] It shoul d be noted that
RRLD |8 GhréERAly e@yeleebn*Nhé(#)aﬂ@eﬁ?Qfset/ﬁi 5 voltade, atglpilbanys vdd
I nformati on and are enabl ed when the read path

¥/ ajward ling (eﬂaBMéld7 (s. enabled the data of & List r@ghmgrms is low
ﬁf@[ - §Nﬁ‘eq‘%5 Cﬁgﬁg, nne ﬁsggfrﬁgd ?)h e Rk Corrent path

tOI‘ els e source o

bs@bﬁsmwtmonglb t@ﬁdus@dnn@hhﬂennﬁﬁomaB@Bit ﬁmﬁaemdad
to the read signal RS and the drain of sour

trapsistoss @pnﬁ@@tedéo & aEr palgctad ig tb@@@}l tfmn%%thv&ad
F%gls{d??tcphlﬂgcttéﬁ Y658 Bi" 3 8’(@1{%0&@ %Idarﬁal ﬁ@@ is enabled to

ransis i'S exanp owever ransi stor
taryt dretrandistonaigay eTcy reﬁd 1I1e2c1=£ll dakh QrsadCEignaifRSl is&kedled.
transi stors an be

Wiy W ot R PesenatieRo it iens lﬁchéwagttq?lﬁarent
[‘ét@@s%@ﬁ a’s%@%{nﬁ@g g[g?)%é%f BLP%n}ﬁ" Bil,l% cNotéttﬂ Wv(\éltd‘hh of

ransistors In
trahsitorimsndis M whilerthal) ofi teansita mshtis ﬁfb’a’lis 'ITHmefore, the

cur ent drj n abilit tack tr f [

P@‘"é@ & 3@ q é{ﬁ@i’#@%ﬁ%ah?w'a?n Ef%cifg@?%'? gﬁ'-t *.%P@i due to
|t§‘ E @1‘ f?Qﬁ or &fd nc.1“fé'i‘$‘é’\J dufrert RV Eitioilfly ! ﬂeﬂ@g he signal
capa of stac ed tYansistors IS not exact

dfffesbmé(eld the bitdines i devMopétdawhenrtbe cedlis seiectedt is
r current pabj

r equi

Gt ackUifen e Bt is Towe oharmsnh oEfrngisiotangt bengdmed
bﬁaﬂ%réﬁsoﬁé cuﬂehhsaﬂhetﬁ Wa&;@@@traﬁé@td@ frgﬁ ﬁ{enbmm% bar.
according to the desired operation (I.

T eartfpes, IBLtBlaiemamsomlgm and only the bit Ilne BLi, is dlscharged through
the reference current path, msa and msb. Hence a signal difference on the bit
lines is developed.

FIG. 4C - 4D depict sensing timing when RWLj is enabled. FIG. 4C
depicts the case when C2 is low and C2B is high, while FIG. 4D depicts C2
being high and C2B being low.

When the other cell having the cell read transistors connected to the
other bit line is enabled, the stacked reference current path is selected to
develop a signal difference on the bit lines. For example, when RWLjis

enabled and the data of C2 is low and C2B is high, transistor mnf’is turned on
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[0067], h| gh ”\)OH‘J be appeeciaisddept thesaleveasisagbes gaa

[0060] FIG 4A through FIG 4D illustrate timng
aspects of the new sensing schene. FIG 4A - 4B depi ct

waensiong4d i m ng when RALI is enabled. FIG 4A PEpUs1084/021162

the case when Cl is high and Cl1Bis low, while FIG 4B
depicts Cl being |l ow and C1B being high. [0061] In a

ah@@ﬁ@bqg a%{m Wgam tHrbG@h ﬁghémcﬁg ?nﬁ@'tanki%ﬁf’V gincdde cell
typi cal | en a word line (i.e. RALi) is enabled

haéngd @tack@ﬂ transnsora ngrcoamaci@ﬂam&ll tbw {tacked rapsistors

wh

e 18 BB Bl Plecl, THAtI i€ BYLLEE Bnoficd. gREwo s
ERAbIEH eMdBkhsistdhmsetiaelrRed onaNBihehahs read BRMERERis

BL/ are selected in the cell that has the read

enabletisa suepbpalbctheeughotr@nsstors msgtanst mad feam Sl ig formed

' ] O ; ISt
B Gurbedi. Autibreited dihias B8 3 andh Eocntl ol
Eaylitg A skRkedtRarRiadlss th@'réfekérf&spéihsﬂi@d@@h@bmg slope of
different rates seen _as the varying sl opes of BLi and

BLSEj is slewer theatthahef BLiand there isa signabdiffaien¢gon wt llnes

whi |l e f

ai sl Bthy s I 5 i R cas K s Sl g gt 3ha

tharé o icOrrehpathBhebiyH Minkt and ﬁ’frﬁerOhIIy&hé Ibﬂtlml’e b?arz BLBi, is

and Iaréger current driving capabil Hence

disghangedi thrauabesc gndimed. bAtSIgnaiégffm@ng@\v%ﬂ@bQJ@p%@ﬁ the bit

-#@ gg%l is selected. [0062] Wen the data of Cl is
V\P a result of transistor nmf being turned off,

[0066]t her eSirgerthec/rtuat @Troum?d bighbr vy grcarinectertitd ﬂhér?évu%@transxstor

fromthe bit line bar. Therefore, BLBi renmains

‘HieamaHnt @H@aba@e cumant @thhe ced] ig ngt:mr%a of m%@@#agﬂ gurrent

A FGRRRR.GFTR offfody aRGsRYS of blpn CEN B8 BRfeEhyne

I&kagélaud'ept ottr'wtﬂjrn@trtanmsttg méen R\/\V_J i s enabl ed.
C . depicts the case when C2 is | ow an(g C2B.is
Me@redipes
SEnAh i 08 Sodthard B L ie f7 by Bopirbha ditbences
enzmné bil lines éorsdete&ting nm‘nwrymageraeﬁmtatpat‘lfhxs sense amphfler
|l ected to develog a S|gnal erepce 0

pg © CRP SURRETRS Ig '"FQW_H SIggl icantly. In tHIS exarr?ple the use

of a PMOS source transistor mse reduces leakage current by making all
transistors in the reference read path reverse-biased. In the active mode,
when RSi signal is enabled, the voltage of V; is discharged to Vy,, where Vi, is
the threshold voltage of the source PMOS transistor. When RSi goes to low
in the standby mode or when the related cell is not selected, such as when
RRWLa and RRWLb are low and RSi is also low, the gates of msa, msb, msc
and msd are low and the gate of the PMOS source transistor mse goes to
high. Since the voltage of Vyis V4, Vs of msh and msd is -V4,, which means
that transistors msb and msd are reverse-biased. Since the gate voltage of
the PMOS source transistor mse is Vyy and the source voltage is Vi, , Vs Of

transistor mse is Vyq -Vip, which also means that the source transistor mse is
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enabl ed and the data of C2 is low and C2B i s hi gh,
transistor nmf is turned onand there is a current path

WO k0osigi34d r ansi stors mMme' and mf. Since the ceCT/US2004/021162
havi ng stacked transistors is connected to BLi, the
stacked transistors connected to BLBI are sel ected.
diRtsd-BiasWheBimithd @olﬁﬁg%béfqﬂ is Pk ,W@e WEItEqR Bl 8 s’ﬁlﬁce of
transi stor nmsc i s turne en the read si gnal ,
Ransisios mesabdhe the draimof transiptor msthand gire voltags ef thessource of

SR atrcand PR G, FanS o ol S o GivBlipoet

Sﬁfe@kthélgtaYe 96It§é@6f<t@§hé|§téf’§hﬁb(§r§d IBcidRW, 8/ beféAsistors
path, the discharging slope of BLBIi is slower than

pisatarst mBLiis amegefies ¥oltagen Wigh aeatistthat these twi transistors

e VRe-PESke AT Terhs ehirarerenge dh e SediTas
RRWLE br RFRWLANE Kgh wHeM RSH R8oRi frahsiBRIdAish, Bhdd and mse

di scharged t hrough nsc and nsd. A signal difference is
aaﬂ@verﬁaiblaﬁedh I@refore rthe feakage quUGEY flowing threugh transistors

ik Plerdh S R ShE suPolSsbRRAENNT of "t ne- col

[0068]1 S NoDnkhssiaIFBlgedivith trRateRgrened réad bafl avdbvidisttne usglof
turned off read transistors of each cell but i

difieranidypss otMQS iRAgiare: (¥R ewbogimemsandes created with
{rhR0StoRe & B Bing B Ererbnth i8Ry BRRE MBI fah 8ot Wi

gt fbe trankiRéorBidre PGS trarsistonse! Howegelslcmlng a PMOS
di fferences on the bit |lines for detecting neno

trapsiaigs r@qsmress%i\lé/v Eirhisyrustie avhigh resultsin sormspa ns‘aﬁlty To
SHIPRHARS Jg@@h?‘%ﬁe ?’Méég@@é@ RIS bl bd Fég‘iélée%i by an NMOS
exanpl e, € Use of a

urce transi st
tradsises. e dlagase il teaisidtprsrimkhegefdrente seel pathrisavierthe

06 VRdoREe SEGALY dpe te Hieh amaton o Exbdos PIies s
fg?ﬁ%ﬁﬁ‘)rrg 8dn b2 lﬁk& i2Maeng 4sB dﬁ% W@Qrs‘?ﬂr‘é’é ﬁaHQichﬁQ\ﬁhen

e source transi stor goes to low in
tHeegateasmithye nokbev tor tuwh eff tha esoue:tmimrwslster | sihee thet source of the

ted, ch .a l.ow and RSi
ﬁ@@éwmﬁawa@w Ve 3o wE02 WO oo 8080 215 vorts
In%‘(éa"i‘:f‘gf e?vélfag{eh eTf’f’éY%réoﬂhre%akégf’é‘éuﬁé@FfldWﬁg through
goes to Since the voltage of Vis Vip,
ﬂm%anne aiead; pailt gan baiindreasethsomewhat, however, it is still much
smaller since the leakage current of the cell block is limited by that of this
NMOS source transistor.

[0069] A principal objective of the inventive sensing scheme is to have a
reference read path which can be selected alternatively, that is, a current path
is formed from a bit line in the normal cell and a reference current path is
formed from the other bit line to develop a signal difference by different
current driving of each current path.

[0070] When a signal difference is developed on the bit lines, the sensing

enable signal SAE is enabled to amplify the signal difference. A reference
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that transistors nsb and nsd are reverse-biased. Since

the gate voltage of the PMOS source transistor nse is
wo/edsam34d he source voltage is Vitp , Vgs of treeEUS1004/021162

mse is V -Vtp, which al so neans that the source

transi stor nse isreverse-biased. Since the voltage of

P&d SatMti® pldcdead pedld gaie oPbit liRgs BPHAK Be®haré@ByindifpleBibline

d the drain of transistor nmsb and the voltage of the
s@lm cA ssiseramplifier i alsepasitioneddyoa apiv afpittlingsr sesrbe

ShareR iR PLEBIEBR IO WAL ARER bR diGfddp ifbinetidA®

SRa\maévméCcanSb@lm;ﬁ@msnv@d Withtzag@mbeh bt Sergpamplifiet
these two transi stors are reverse-bi ased. Even when

siiectyres wishowifdapaning fiemdtheitaaehings ohthesprrrAnhinyention.
RRW.bc, & sz ki R

o071 e DS AR MR IGERE sy LRS! St Biod Bt
Raving Wiffdreaamgngdmenigifor tranplastoient oﬁthdmferehee eeada path

read path is_suppressed significantly. [O
ARd sense paRifers tIp Rk ﬁpemr@fﬁr@n%a%ﬁq)a@ Ia@@@w Rlaced per

LS 568l Bbkk FdisHbut & ign i€B6ntrolled by
g SIS ot afiemid:?

odi ment’ can be crea ors

’\c/\thw_aiddreﬁs deeodef @raped). Clhe eemsénampgﬁemmm alwedtmrsmaller
ile the source transistors are Pl\/OStran I st ors.
%@mmomféaw ?@S’fﬁlbp Of PR & Whele m%@em %zlumm‘i as

?ﬁé\HﬁW ?g?"‘% c 'Th’é‘?%’ﬁ%ﬁcé Redtpathesh PR dnse J@gﬁﬁrg &an be

hi's source tran3| stor can
plapbdmed distribotedMoBntasaindt & &C ot & Iumped farseas depicted in

5080 b 5L PGB v
ﬁ%&’m FI@NBEIrIReS réRfe l‘@aﬂ' pHtA N Hé“sh“éfé@ B?/fmhﬁiﬁle
source transistor, when the gate voltage is |

Smsajamphflérstaaedsmuhedenﬁl@n5Fstlb$hou§d lbeeret:h@msedlmai of
ransi st,or | Vss

h
bOBRLTAC003 of L1 BEE Blavs meented dad Sraty igls an be

Mﬁ’r’oﬁ%éd blﬂﬁfe%%rﬁnna‘r?@kﬂl%h@ﬁrt%béﬁm fd ® te@chings herein
hrough the reference read path can be |ncreased

wdhewmparhmwé@m the prasentsmwentlmch smal | er since the

00721, BB Rl PRTnfEher 8 T gl e co

ook WRICH hddg réay patH oifly $Rs bRE bHAMRITET he irventiay eesing
reference read path which can be sel ected

schemagoniaing a refesence read pathrwdich gapprovide a reference current
to make a signal difference on the bit lines. The reference read path can

provide a different current driving capability to eliminate an unnecessary
precharge step and to generate a signal difference on the bit lines. The
reference read path can be any structure to provide a reference current to
develop a signal difference on bit lines.

[0073] FIG. 6 depicts a dual-port SRAM variation of the SRAM previously
described. It can be seen from the schematic that the reference line is split
and that two separate sense circuits are provided with the dual data outputs
generated from comparisons against Viers and Vs thus providing two

separate outputs. It can also be seen in the figure that the functional blocks of
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is formed froma bit line in the normal cell and a
reference current path is formed fromthe other bit

wo pws/obs4@evel op a signal difference by differket/us2004/021162

current driving of each current path. [0070] Wen a
signal difference is developed on the bit lines, the
FRIGHG fHBHInfigSiednaith Siferést \RIRBEaHrdshoRTE) *fd)l‘fékatnh}ﬂe the
signal difference. A referenceread path is placed p
eegsksensiiig biocks arRshewn dngerperatinglew \ayramgistors) whtﬁht have a

ke Bt a6 R B8, St oBRS S BE Lo ffIalth @
fddueeneakage Whils Irevésking spoed. eﬁls?hbaﬁj bba E)gt’étﬁat@d\tﬁbt

SRAM devi ce can be inplenmented with a nunber of sense
AWmereysesimiler yatations Qﬁ thﬁ Fueseepayantien ganhe implemented

VG Rt R MeCRBPARSER o campl e

[0074] enbodThe M&M\rmmtxdhfp‘remdeﬁ naw eslgstrotinesffor SRAM devices

pl acenent of the reference read path and_sense
andhe likg.sThe streridres gan mcozr@@r@it%ﬁ%arﬁéwmpﬂah kjocks for

I I
U e
dﬂenef&rth(dshmpbwbltag‘éheto seppaasaﬂpbkégeecu nrsntah tloe ptaaage part

Wﬁr srml o su @%g;g%ﬁ dl 2 @ﬂ wr@%R/qui]gnes is
éI%BGH BRBed &Y eBﬁEI drlt8 §|?é\'ﬁ§nf%"§’rlnd fd ftagrtlﬁﬁ%vspl‘éak ge
e% G oeas ;

placed 1n a distri formas in FIG 5C or 7a | unpe
femdnoaratiens.c Addrm of Bifferebiial réhad sensing isafsda désaribedrin which

Prelargtia ohiached Brisinars ettt bl hod Bragner
f@f'hw'ir\é?h@céﬁr‘i&ﬁe@%’b'\ﬁﬂt@él%oﬁﬁcéjﬁcﬁ’dlémibﬁ 8 o%hﬁec@a told source

shoul d be recogni zed that conbi nati ons of the above
IySIb’@rltmermeéUe totdl lehkage guirant ofmenwmty isell block.
one of .ordinary s

1007510 or Al g e e B e AR R e By Al dhesqghouid no

hé @Bhéﬂﬂ@e@égfﬁmmng theesdopeof th8 fidntiBRALIRE rﬁél%h‘/?brdifdlng

the invention provides a sensing schene for
#usliatianscofgaree ofithe praseatly peafarred |qmb¢djme@ﬁﬁe06ﬁms mven‘uon-

el L R S35 BRIy prgmon

EnEdrapasded GRkEembdidifahtsdiiitle henceecime v tbithese skilled
The reference read path can provide a different

iBheat, andi thahﬁlec%cw& ofithg presentiinyeamdion iaacoendinay upg

limited by nothing other than the appended claims, in which reference to an
element in the singular is not intended to mean "one and only one" unless
explicitly so stated, but rather "one or more." All structural and functional
equivalents to the elements of the above-described preferred embodiment
that are known to those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method to address each
and every problem sought to be solved by the present invention, for it to be
encompassed by the present claims. Furthermore, no element, component,
or method step in the present disclosure is intended to be dedicated to the
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precharge step and to generate a signal difference on
the bit lines. The reference read path can be any
w@Reaooaise to provide a reference current to dBUEUSI0E021162

signal difference on bit Iines. [0073] FIG 6 depicts

a dual -port SRAM vari ation of the SRAM previously

§@§mﬂ %%Féé of fRefter #REBISTAETT EHRPBRBRITRY hfethb@ktdd1R

eference I'Tne I1s split and that two separate sense

explicitlytreced ipthevélidims. WNo lclaimeelgoent derein dsitpbe sonstrued

eperated fromc risQan ai nst_Vref ne \r .
G0 B o rREme P20 ul s iarddfFody BfsY B Eld gt s
EXsrebélgysaitddaging mee bHRRG wRsdndiopeks of the circuit
are configured wth different voltage thresholds, for
exanpl e the read sensing bl ocks are shown
i ncorporating low Vt transistors, which have a | ower
vol tage threshold than the transistors of the static
menory |atch to reduce | eakage whil e increasing speed.
It should be appreciated that nunmerous simlar
vari ations of the present invention can be inplenented
wi t hout departing fromthe teachings herein. [0074]
The present invention provides new cell structures for
SRAM devi ces and the |ike. The structures can
i ncorporate separate functional blocks for wite
pat hs, read paths and storage which are preferably
designed with different threshold voltages to suppress
| eakage current in the storage part while inproving
read speed. The use of separate read and wite word
lines is also described for reducing power
requi renents and facilitating | ow | eakage read
operations. A formof differential read sensing is
al so described in which one term nal of stacked
transistors is connected to a bit [ine and anot her
termnal is connected to a virtual source node which
is connected to a source transistor to suppress the
total |eakage current of nmenory cell block. [0075]

Al t hough the description above contains many details,
t hese shoul d not be construed as limting the scope of

the invention but as nerely providing illustrations of
sone of the presently preferred enbodi nents of this
invention. Therefore, it will be appreciated that the

scope of the present invention fully enconpasses ot her
enbodi nents whi ch may becone obvious to those skilled
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in the art, and that the scope of the present
invention is accordingly to be limted by nothing
w@ehsnodsinan t he appended clains, in which ref eP€nUs2000021162
an elenment in the singular is not intended to nean
"one and only one" unless explicitly so stated, but
rather "one or nore." AgLmmaictural and functiona
equi valents to the elenents of the above-descri bed
What ipelaireed é81 enbodi ment that are known to those of
ordinary skill in the art are expressly incorporated
herein by reference and are intended to be enconpassed

by tha rhepsaNtetapidvidigststiceiandom-beceus, conpeishay y
for a device or nethod to address each and every

5 pebHicaneEINg Rl SBUSre bAVIBd Sopluraliy pf daterlatohesed on,
%:?f L{rﬁ@tlyrgg ﬂgﬁctﬁfgi%g %ﬁg ﬁﬁthﬂyséfg gzgﬂ [sﬁgp}rﬁb%ﬂg ??%%késpcolmnprising

at |ea§tb@ad3rmﬁ@rﬁndckstsrdg§blbekss |ntended to be dedicated to
thepubl iC rasfardl ess of whether the el eqrg
blpgksepwateplocks.&xhate; Aecansigiiedwith & lqwer
Clindi 4f s to be construed
fhreshﬁéﬁéﬁ?se%’fe‘"’a&ﬂg% DEETERGIRES® 10 °5 o
10 paragraph, unl ess the elenment is expressly recited
usi ng the phrase "neans f.or Al M5 What i,s cl ai
Pa: 1A mewemba§ FeRitFLE GRIB ] VRGOVt S derd TWrHoRRL Bocks
GR1d stdfd, RoRa \HiHeks2
have a‘R?WBIr h?(ﬁ{bl %é atﬂ‘ﬁ@%ﬁi‘tgn i das pf ugtégfu:r‘lt yoo
functl onal bl ocks W thin sal d cell structure, said
| ock corrpr|S|n ea ert
| ockB.maRBn: A e b SoRBersih heif B8 iudigt¥fplocks
15 have a@ﬂh@r T by ﬁ%nV\ﬂhthﬁ’te'fQH@ﬁoﬁa‘F bﬁﬁ;‘k@' gny @‘afdaﬂﬁte
the storage functional blocks. 2. menory
functionaldiloelts has allawen threstiodd uokha@eaﬂwrrtba@t@m@tfuonmnal block.
bl ocks have a | ower threshold voltage than the wite
and storage functional blocks. 3. A nenory as recited
in cl Al fehory'Bs redite il dhairPRAwheRem saidadelidtacisrenarigeathe
| ower threshold voltage than the wite functional
same wrddines fanthesrsiad and weter paibsi onal bl ocks has a | ower
t hreshol d vol tage than the storage functional bl ock.
4. A nmenory as recited in claiml, wherein said cell
5t I UCAUREMIdTY hs z66itddia G&ire1 Wherdin Baisl dalirstiustureaditizes

and wite paths.
separate word lines for the read and write paths.

20

6. A memory as recited in claim 5, wherein said read word lines activate
25  transistors coupled to bit lines for developing signal differences on the bit lines which

are differentially sensed for detecting memory storage cell state.

7. A memory as recited in claim 5, wherein one group of read path
transistors are connected together with another group of read path transistors to a
30 reference read line, virtual node, which is connected to a sense amplifier and a

source transistor to suppress leakage current of cell block.
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5. Anenory as recited in claim1l, wherein said cell
structure utilizes separate word lines for the read
w@pasoeddte paths. 6. A nenory as recited in clBCTUS2004/021162
wherein said read word lines activate transistors
coupled to bit lines for devel oping signal differences
on thg drholy a¢RecBHG cRii® TiiHaernédiasbdraemarsistopr
detecting nenory storage cell state. 7. A nenory as
comprisascan BMOB a1 RMSirangistosi n one group of read path
transi stors are connected together with another group
of read path transistors to a reference read |ine,
o It URImdAER: agwicBdiils cRAMINE Gitestelnosaid sefesencnadf path and
) and a source transistor to suppress |eakage, current of
said segee plifiers Way Renlaeeq inna layasit ceafigyratipn wihin saiddpemery
. i 6 .Sl | rises an NMOS or PMOS
device %g:ﬂ‘s”g%%rg.?dé?@ﬁ%@kg!uyrﬁ‘%@r ecited in claim7, wherein
said reference read path and said sense anplifiers may
be placed in a | ayout confi?ur ation within said rrerm[‘y
Hovi o mgmery asregieddn ciaigy 7. Whnret $R1d refgpserce red path'and
_ i . | ai . . o
said sefEERpIRErd VAR iRel 1T o Bncred BE HE LR iR PAETERtin
said meémohededcar dedi cated configuration wthin said nmenory
device. 11. A nenory as recited in claim1, wherein
said cell structure conprises a nulti-port static ram

££! | ,Qtn’ié‘r%ﬁé 8s rdcited n TR ¥, WS fesail @6l Reudtts *bhprises a

random acce nmenory configuration, conprising: a
multi-pquit stadicirayn cdll strattue. nenory ceUs forned from data

| atches; a plurality of word lines for controlling the

read path; a plurality of word lines for controlling

jhe %@rﬁ&ne?a@dévié@,%a@ir@ H'sfatic ranabni-HEsdgsaRadpy 0cks

Including r wite and storage; wherein at |east
configuoatorpfcoggirigirfginct i onal bl ocks is configured to have

di fferen reshold condjtions. tha her

3 cel Rt elafedRRgrory SR i date BaS eci ¢ eq i n

& bRirENty &f Word 1iRes f&rBrtioNingthad rebd tagh; node to which
read path transistors are connected between different
@ipturaﬁ)tyﬁ word lines for controlling the write path; and

a plurality of functional blocks including read, write and storage;

wherein at least one of said functional blocks is configured to have different

threshold conditions that the other functional blocks.

13. A memory device as recited in claim 12, further comprising a virtual

node to which read path transistors are connected between different bit lines.

14. A memory device as recited in claim 13, further comprising a sense

amplifier configured for performing differential sensing between the bit lines.

15. A memory device as recited in claim 13, wherein the connection to said

virtual node suppresses leakage current of cell blocks.

-22-



10

15

20

25

30

14. A nenory device as recited in claim 13, further
conprising a sense anplifier configured for performng
walpdobmoeami i al sensing between the bit |ines. 1PCT/BS2004/021162
menory device as recited in claim13, wherein the
connection to said virtual node suppresses | eakage
wrreﬂtseerﬁ.c@.eadcwmem}@.mms&m ctor memry
circuit, conprising: a plurality of s ‘ati c meno
aphwah;g off shattc awion stnrage ﬂmﬂtl@gahblppk@ having %Pluwltlaof data

Iatchesé{a h%%%fmf?&rgrpyg mﬁ&"&é& 5%93@95' %aq;r%ﬁﬁ gﬁff@{egbe' ng read

4 wisihb/edll lebamy thadister AhctibRal bieek! AbgRgtam iBpahcoupled to
storage functional block and an out put couFIed to one

each stofaga funstienalthleclhand enrasputerinied knhaee ghpl legskiwo bit lines;
and coupl ed between said at least two bit |lines for
an detecting data being read fromsaid data |latches in

& 88RSE &ﬁwf!hﬂeﬂcéu;ﬂé@ Bietvaders eaigli atdedstttwedsit liraisdfob dbtectmg data
l'i nes. menory as recited in claim16, whe

being read &rom seigrdatailairherinsiesgonse Kediferemial .Sﬁnﬁ@gé?eéWE@n #gid bit
a reference read line which is connected to said sense
anplifier and a source transistor. 18. A nenory as

recited in claim16, further conprising a nenory ceI

writing functional bl ock co ure dfqr iti
I o Brtecgpneas faesra e o e srediisrendsl sehsing is

lines.

o B R e

amplifisradridigsouhtecsandistor.t han t he storage functional bl ocks.
20. A nenory as recited in claim18, wherein said cell
structure utilizes separate word lines for the read

d "Wnt\@mBy BS recitel |H%Ié1ﬁﬂ% YuRfef §t9r'n¥>ﬁ§m b flehdRy 281

er ein sal d read word |1 nes activate tranSistors
writing ngtioad! block abdfiguredifonesiting datieingd ope of ssidgstarage functional
differences on the bit lines for said differenti al
blocks.sensing. 22. A nenory as recited in claim2 1, wherein
one group of read path transistors are connect ed

together with another group of read path transistors
19. a A memory as recited in claim 18, wherein said read and/or write

functional blocks are designed with lower voltage thresholds than the storage

functional blocks.

20. A memory as recited in claim 18, wherein said cell structure utilizes

separate word lines for the read and write paths.

21. A memory as recited in claim 20, wherein said read word lines activate
transistors coupled to said bit lines for developing signal differences on the bit lines

for said differential sensing.

22. A memory as recited in claim 21, wherein one group of read path
transistors are connected together with another group of read path transistors to a

reference read line, which is connected to a sense amplifier and a source transistor
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reference read line, which is connected to a sense

anplifier and a source transistorto suppress | eakage
weoseas4of cel |l bl ock. 23. A nethod of accessP@yUS®b/621162

of a static nenory, conprising: maintaining data

witten to transistors of a first voltage threshold

to suppr8¥¢leakap8icherent 804 biakkh for' a static nmenmory cell;
applying a read word signals to activate read word

transi stors of a second voltage threshold which is

B pub TORDH otEsoid by bFE G meRford LA G

@AM thiniry] ds@upfitesh tootrandistord bNa fitst vottage aresholddbvelfotming
output. 24. A nethod as recited in clalm 23, wherein

a data ld¢hifasenglatiamemeryeseli s coupl ed between two bit |ines

e | t [ t
b B B3 SRIFARL B or ARMEEI 2 pogond
voltagelthtessHold@hicheis leds theinttst asitagedhtesthold) arldai m 23,
further conprising witi n% to said static rrermr_P( cel |
$eNsiRg HshaeipubobHe fead WRyditransistatsins? spnseAMpYifigr coupled to

a bit line&BYeefatdd H?rta"ﬂfgﬁgﬂlph{‘e which |oads the latch of the
St at cei 0

C nmenory mbit iine data. 26. A nethod as
recited in claim25, wherein said transistors
activated by said, separate ite wrd.line are ... .
€6nf | GUPRINOWi ashreLiteRin ala%ﬂ%éﬂemp PaNEhAMPIiten igss

couplefl B8Ry S8 fud BEIALE SR 3 4 BF bl Goneitted s oS

differerttial eshsihg of slata ghiput betwedrhsaid dodits lineseshol d of said
transi stors activated by said read word line. 28. A
met hod of accessing cells of a static nmenory,

SOOI AShE8%iod R RIcRLAINBIaSA, WirRdradbrbSridih @ RFitifg % Said static
formng a data latch for a static nmenory cell; )
memorymellyin nesponsedd astivating gassistoss dovev by @ sepadaigordte word line

.t ' ; d ' th t put, of d d
wnicn 560 B EBfEer R0 B B PR B B o o
lines and configured to generate a data output in

response to differential sensing between said two bit
P6nesAzpethadms Iesiteddn claimnt2su whereingaid rgnsistars metivated by

sl sp PR T DB B i oy s
than sdid iePsiststs ohsaRrt laegh.as recited in claim 28, further
conprising configuring the read

27. A method as recited in claim 26, wherein said third voltage threshold is

higher than the voltage threshold of said transistors activated by said read word line.

28. A method of accessing cells of a static memory, comprising:

maintaining data written to transistors forming a data latch for a static memory
cell;

applying a read word signal to activate read word transistors; and

sensing the output of the read word transistors in a sense amplifier coupled
between bit lines and configured to generate a data output in response to differential

sensing between said two bit lines.
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word transistors with a | ower voltage threshold than
said transistors of said data |latch. 31. A nethod as
wOo e@sved4o n cl aim 28, further conprising appl yP@myus2004/021162
wite word signal to activate wite word transistors
for witing data into said data latch. 32. A nethod as

peci t Admbthdd &4 rackdd ih eldimezs, Cf@rrméﬂ édrﬁgnsmg@bgéfatm@ a
the wite word transistors with a | ower voltage

referenderreat ding foneafetsiicing therrend ard signalsicaupladdo |satd:hlt lines.
33. Anethod as recited in claim32, further
conprising configuring the wite word transistors with

80hi ghahetdd agrditBE 65 BRIM 28)drtised sbrhpagifg ebafigurdig the read
said read word transistors.
word transistors with a lower voltage threshold than said transistors of said data

latch.

31. A method as recited in claim 28, further comprising applying a write

word signal to activate write word transistors for writing data into said data latch.

32. A method as recited in claim 31, further comprising configuring the
write word transistors with a lower voltage threshold than said transistors of said data
latch.

33. A method as recited in claim 32, further comprising configuring the

write word transistors with a higher voltage threshold than said transistors of said

read word transistors.
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