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BACKGROUND OF THE INVENTION
1. Field of the invention

30  [0005] - This invention pertains generally to semiconductor memory,

and more
particularly.to static random access memory circuits.

AN S

*167167*
—
-

LT :

*ACTION*




10

15

- 20

25

30

[Oé@é} n hi ghaligBandomeAcessteMamoraIBRARY s W & o

*ACTI ON* WO 2005/ 006340 PCT/ US2004/ 021162 2.

Descr i Eti on of Related Art [0006] Static Random Access

I\/EWQrZ)‘) Y4$6348) is a formof electronic data storap%e

which retains data as long as power is supplied. PCT/US2004/021162
Static RAMs are wdely utilized within all manner of

el ec.r oniBesdApiceSf RAMGeA G Particularly wel | 5 suited
use in portable =hel d applications, as well

, lectronic data

por tspdH ; -hel d device applications, such §¢
cel I Eﬁgﬁg‘g‘f RIS 51387 i8§doRe aBirowsitis supplien.i Static RAMs are
wi t MoQely sitijieal Witkint SIUink$inet B ing conplexity |ow
whi | gitﬁé‘%\é’i di ng robust  dat Q{d?]gg gﬁ'ﬁ'f:o%v'qef?ﬁ"&rﬁre particularly well-
per fof é’sﬁdglﬂ%@tbilfbﬂehalsdl-d:ielcaapMC@ti@ﬁé%@%v%‘Hr s high
cachergmahdr-§elile aﬁﬁﬁ\%’l fan Hr ovi de fast access %I e

ile not requiring AUCHE: | N Porigbieer Benddisin devioas

gpPpligations Buthnas cBa _ . _
ESS%OH o e o A BP0 Bt ta getsntion
si xd {aanfﬁrﬁggftsc”(%’ﬁsv mmeemmdcmpt@dym?gim%%lgyid&? robust
ci r daidt reterfq ] node is re
at %/%g“ geast, ah' Em%n‘g? ’fﬁ@ﬁgﬁ?%élap@ﬂ*waﬁdswfgas ir'sicro%rocessor
8i

tur e YBAM sas prowgs 44 . T fore .

ol cdil bstatibfgd 8a.and mMmoJ is tur %ggeg%{lméﬁﬁ'&ee?og§q“'”"g the
| ong as power | gpg[ﬁgﬁrﬁséﬁgu'd%@éﬂ Ryna@mimBRaBBoat Access Memory

mai tHBANMRd high and | ow respectively. [0008] FIG 2

ws a ti mng diagram of the conventional 6T
[OOQEXM cel HI':l%a%

CGRVGWA typical SRAM céincandisiidaf 8 1oGldars
| c¢ . . (6T
PPRERA o . d 2
tug@%g:@r?j i?%“%?Peﬁﬂn‘é‘%ﬂgﬁ@@%&?ﬁeﬁ&?ﬁ; s C  jis
& y(dhtal Qi i7 n\{%@ I, W
IO; B lﬁgg {gd dgd?? P?)Xigqugp%lg%gfusc arggz?\l&){rf'é"ée}]&em(@‘%‘rpn- Node
t he store %Tt(g.atq:L}- tRaraivre, mudé itirhaed lnGAh R R 1R fumed
an

is dfbv\Henqé&;@grtghQ%st&W&eis%@b%&n%tg%%%gg, m3;j

m4J are turned on. Since P gre maintained
tur %"daaﬂ,owwmweye of BLB1 is discharged slowy

[0o08Y ough FYTG,4?_ Sﬁgq,snyg%%q ﬁ%@{bai certai n anount of

vol tage difference agrameé thaicosveniices STERAM cell

serfioMg) IBIRAGI ¢. 3h enalechBRAREcié SPERRD % 1bdic low and mpp1_iand

mpp2_iare tumed on. So, bit line pairs (BL_jand BL.B

[) are precharged at
Vaa, '

! i) is enabled, a bit line is discharged
depending on the stored data. For exampie, node C jis high and CB_j
According to the word line enabiing,

logic high. When a word line (WL

is low.
o mn3_jand mn4_j are tumed on. Since
_Jis low and mn2 '_J is tumed on, the voltage of BLBjis discharged slowly

through mn4_j and mn2 _J- When a certain amount of voltage difference

between bit line pairs arises, a sensing enable signal (PSAE]) is enabled to

ampiify the signai difference. The voltage difference on the pit line pairs is

amplified by the sense ampiifier (i) and a full CMOS output pairs (Di and Dbi)
are generated at the outputs of the sense ampilifier.



anplify the signal difference. The voltage difference
0 h ' ine pairs is anplified by the sense
a%?i‘fﬁ?@r"&(‘%‘) and a full CMOS output pairs (D aBet/us2004/021162
Dbi) 30 are generated at the outputs of the sense
[0 lifier, -2 WD 2005/006340 PC i /US20114/0211&
P00y Sifiees ievpisl G SroASRreatds SSBALEIRHA bit ines
di f rigggeth%nrelg?ts I |eaes itself, the read speed of
SRA hi s faster thanctwaerMORARster thathihah oh DR igavhich 3
shachage shagiraetime eetideh i s ell . ,
capg%ﬁ/?nceqs. i s needed and étr,ggggsag'gjgcc?‘ﬁi?pﬁcgms I¥Riegded and
6T REFq Islewady dhis T SRAMstaliueds s ®eAN§tabR structure and is
W dwiweiy@ggdiiﬁwﬁﬁ,%ﬁ I\S/ldes'k11 n. However, there iIs
a tgag{e- of f between pover-&8hs ﬁiﬁ’@i"éh there is ecdtadspethetween
As ehransumplierabod eesd ZSedd.. @, ' e o _
decﬁﬁ@f&%crgﬁg t he &r‘hr eshol %evol t géggﬁiﬂppgﬁﬁeﬁuﬁ §izeg(l-e. design
reduced to-RRFhESS H1e Pepshniduedegeof tpasiatars s kau:ag90 maintain
i s perdermeshcd ¢ ; i .e. standby _
current becorregbg%ﬁ?ﬁgglﬁ#g%?moﬁ?saz thedeakade ewsenti(be. standby

si nEYTY) Pecames amiigipotiant acstbr. ancthiRdxdmpft siﬂcgc@ﬁ’j'is at a high

| evgl, |j..are turned of f. Even thoug
t hes eeltév\%?té rBa a—zgﬁ é?%{ogvalgy%l, P 26K Myt at are tuivesdeoff.SERen though

curhese tivb amrsistbiar0dgh h i referred to as a
eakflﬁge current. A I(g):?flgf,éﬁér/ﬁtﬁggenﬁoq gyventifiomang through the

cel ,

I eaé%\ld‘éeﬁ: PERE 9 3s Grealiieakagke cuntnf, Aa( d.16%m} tedniifgy, this

canghe Q?—@%ﬁ{/'l al IQ/[\'F ignored for nost applications.="’

15 [00"‘1%‘41'J 80N YPaRaeTeRfard (ﬂaefﬂ[ﬁ)@ndcbéﬁ'fﬁ@glil]bstantially

t echnon e Q.13 um technol ogy, since this
rrbente@ig?rthenagﬁh%;téﬁa‘r der of tens of nA (1 Ce-9),

[005 bt | evdOwevers with can i red. For
exatgg%r%?lof o o Lo D More 808 ool BAREY suGH P . 13 o

is a 9% $ince thiscymentlis them entthe rder of tens of nd (10e-9), the
e b

16130945 BAR4L10x 1e-9=16mA.  This | evel of |eakag
current eqﬁpggaltjrﬁoioﬂg% 4e.logerenr EPbaxampleniortzot Bilb SRAM,

powdier:a el herliage dusrent eatsswi ®ny! Ehesi?j%llcg'ﬁ'%lé’?gt be

ap i that, this |eakage currént 1st ure
PRSI L eakage curtent 1S (oot mure

t er@rgeqtartion oF Sie 1504 o@%\ﬁﬁ%@ggﬁ%&gﬁ% such as

0. é}?PF&é%ﬁ%%ht;o{ gh%ba:x e ce denics.nkd sbavlssalso be
Si [tpa age eurreRe g ' . L
COMBSASRG MG AEs 26 8 resu ey S0P HEDEh Bl ngeeasing i

current becomnes &-a OF fore/gdvianeed ysdh@Btogy such as

10yt tecBinald i ' . conpl ex, the
e el b LSS L Sl

erefore, the power consumption component which arises as a resuit of cg|
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.

[0011] As mentioned earlier, there is a trade-off to be made between power

consumption and cell read speed. Since the cell read s

peed is determined by
how fast a bit line node (

e.g., CB_j) is discharged through the cell pull-down
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[0013] Accordingly,

[0014]

S
and the total power consuned byh'cflelct L?:Ea\?\fl Icurrent
a8 enti onal SRAM ar chi . .
; dz'ﬁ&gmfﬁg"%?/ncrease. [0011] As nmentioned earli SB’CT/USZUM/ozlmz
cgnu nius a trade-off to be nade between powerII 0
f:o(ne;(lj tion and cell read speed. Since the ce

! y [ i no -
speetﬂaﬁls@é(fi??fsﬁfn_/irfggn@% _é)ég‘l’{ﬂ/ﬁffﬁgeﬁ%g éfzgé lOF%F&_F@WS transisior
'( it 9%7%%,} @7%2)3%!6[1 %@Wqumeztwmm@@isftdr{(h C_Zlbfhnz _j) need to

. ; .
(ml ipcr@lasafnaéhthaﬁ&@?ﬁefn l%’f%b?é?hﬁ%4§ll)‘lg\§§&gft Mbepdhese cell access
i sto ( ;
oul | ERSigion antbost mll-(iowhjtraﬁsism%hhcr\%%g% i Rize, RAETES

ts
to GRAARG Bhblgh hiead. speed. However, ! ;gré‘ﬁge c;urret:I
access ransggtl?ﬁsf Isterg alsglincrgans. 1 tis b pﬁ;g when these

i h h
i ncrrensEstons istrzase |ir€§iE§9%a‘f(Héé %@F’rlseﬁ? {J%\}v;g;\é\ﬁggg“;ghg gm@ﬁ mnd_j
h trapsjstors also iIncrease.” ! et
: h:%g’d ’f'f’gn/sél"ﬁ BN4_f incresmes. iMeseme, 4 ﬁgﬁ@gﬁf Ot?e#@jm the cell

. ir rnndJ and m . .
}‘ ngé.ea;?gg.rg Ther gﬁ%ﬁ@? Cﬁﬁ?%gm nalses WRAM desigtetdmplicated and

' makes SRAM
| eakHfeultas trenoperating Reits§e PP%SI%?) Isn?he oper ati ng

' [ d d dif
Vo Itggecg éh%g‘mo%mm]smww@a%,imbl@??ﬁﬁet@ﬁstfe%ending on

BRAVh | t dependi ng on e
\%et her te thHeé F%ﬁﬁ?ﬁﬂsmﬂﬁsg%ﬁmﬁg} %E%W‘ﬁ@ﬂ/\@rrhlgh perighmance

A : ; . Lo ower
e, e A G
?ﬁghilgg]éa{?%}’, &”fﬁ ?feﬂa-%(v. e diner p@mswntsiﬁgimnlg‘gt\hhi?e chip is in
chi  stand-by na:c;ﬁg,airﬁgnift:&)g ﬁﬁggﬁ%ﬂt é@q%g@wwmp@sﬁbbbe low
QEQ?@F”&% ‘%’ oqé}apgﬁﬁaﬁﬂnﬁ Gfterb@dy 8N bafBAS %%rgg%:}(‘@v&%yeréﬂ stand-by
o T oy ah Helctih i iatien . s i ot 1o high

L . ein cell data

apfSEATmasice W?a?;f?ﬂfa?ﬁggf?%’ gnéé‘g&gl‘_w&g(%q cefigata fead

r eafhectg &l cliieal imbatanca tiemever ehiesigen QrstieMerahls of the cell

a drastic inc ‘ is facing a .

corlvakage Dmrergt',r:hﬁoeéﬁr\‘\\éégllnhgéi é'r' %}%@ ﬁe@ SUHEtIR isfaming a technical

{/\ﬁgﬂ#}ﬁéa%éggt ’%@qus;ign mﬁmtE Wyﬂgﬁ P%g%lgge Sgiﬁlgéq%%% and the
: ases to nee . '

?L ghfm(fﬁﬂgaﬁseu np{al%&lﬁaﬁ §deaPRS ognkeet thakagaired rsbg@@i, the

) . down an
[ s'pé’“(ﬁir@esumpﬂhmaiué%ltﬁétc?g'rl]ﬁ%gg:cgrri%c Ijs:%gegcgm When device
t PRy SN ghLage o

own 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.

a need exists for advanced SRAM circuits and methods
for reducing leakage Surrents without sacrificing read s

peed. The present
invention fulfills tha

tNeed and others, while overcomin
in conventional SRAM architectures.

BRIEF SUMMARY OF THE INVENTION
A static random access memory (SRAM)

g the drawbacks found

circuit is described which
provides reduced leakage currents and high reading speed. The novej

4.
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0017]

rrent, the cell read speed is
degr aded gﬁzk?gergguced 25 current drlylng capability
g$q¥ﬁ%ﬁgﬁw%maccess and pul | - down transhsgggiiCiECUI 2004m2162
ingly, a need exists for advance |

Qﬁgoaglﬂgdg for reducing | eakage CUrrentﬁtrthout
T o i recar oot RRAEUSHEDh aol BB Mg v

' d and ot hers, ( .
gtjg\fﬁo@c %Lﬁ%tﬁqgg%‘)ﬁ“&'é@mwﬁbrcﬁﬂferﬁ@AMltﬁg@’ﬂh?@sq{dMseﬁjr different

o NT 0014] A static ean b
- andom aecbot R PERNCR; 10kPt aPaoteaf thasm onkionban be

pr oHtiged PeaRiily betkogrmbinationa s iRdadl 0 L2aG] 08y oo ang/or
spe . ve L, . ) iy tf .
arcﬁlgtloevg uP gopé’@ée&q’%gé%ati@v§é‘ﬁh|:§ttrrele?l¥% rifmrqﬁéfg@nb}éi@ri](g??%ﬁrrents
ith differing voltage thresho '8_9 B %???@t@ﬁasarr;?mory
}Mungﬁv&qaqrowpm@atj@ taridonaecdsy h@no%h%ﬁlgﬁ?@? (8 Lhtatic

i i utilized separately
contr oA ShRyghao o HSHSEl dore imsnbes; (apeurafiy of

e Lpakcnae e a8 BB SherERe b mad Sirage. By
o o, e oA snplvpbagana vardoe cument
Gat 111 Guuce ce omspsstemiartlced UIEbha iy B0k

including rea mgﬁgthe read
it Ry [l structure i i | |
\;Vlt owgg‘é%fé@g‘/‘f:%@ W&%ﬁ WQ(H siegahere separateae A ehfifodiment is described

[ t
- f unitt Whichldakd Rclesid tﬁfaﬂﬂci';har%ahtr}?a,{siﬁf}lg word circui

and/or the wite word circul @?%U@Feq hYéhﬂGrﬂad! lines
vol Wﬁaée PHPUt: dRYg sltematiag tbit fres drh@.x&%‘é‘slt%/%e&?@g d% sense

: iqkedgeed .1 n one enpodi nent .
\?\g F%ﬁ?{ﬁéﬁ?}r{}%rbgﬁ%g \?\iﬁ%ﬁergn%lrs&rgr@@ﬁ tharkit lingsatoatrive. thAmutput data,

[00dRbodi nefwother dewoxdirhest: ofi theviRidichala, b gkgad, e ough

i i d by the read TT {881 RS §dnemary
:)3?%}{%@5?%6@%;ﬁs"f‘@‘?tféi{q%ﬂ@pé% Ammmd@rz}cgtﬁgﬁtgﬁgnygompﬁsmg: (a) a
i ndRbh raovides di .
\angfgzwo?ﬁ?ﬁgc bi t J?':ynéee?rst g”@r”ﬁ‘% Prmqd gamiatadaiches; (b) a

' HR50 the(d) %VﬁﬂFél@oF\%Br&) fines for the write-
| QUL AnBh k! nesar shutocaf pahe () gAY of
?Zf‘%%trr}{)gz g@?g%#@ﬁ%%gﬁrﬁ%’él&%g&?’iég\lgdmnpadswmﬁ g(\t]gi:sgo?hage. At
pl Ueastiang-affthe tfandtionze Blticks ‘?@He?era%ﬂpgorﬁf’gufrgé i3

to have different
- (b) a
datv%ltgag ?ﬁree?sholgi gonditions than the other functional blocks. 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 amplifier, such as for
suppressing leakage current of cel| blocks.

Ancther embodiment of the invention can be described as a
semiconductor memory circuit comprising: (a)
storage functional biocks (cells)

for being read and written; (b)

a plurality of static memory
having a plurality of data latches configured

@ memory cell reading transistor functional

block having an input coupled o each storage functional biock and an output



20 plurality of word Iines for the read pﬂ]h,(((j;:)aa
Pl W 'hI(y f word |lines for the.vvrltg. pareé\d vvr'ct.ﬁU
I ura‘lﬂl :[/)}mg ' functional bl ocks includi ng I bl ocﬂks |
Iond storage. At |east one-of the functlonaI
Sr eferabéﬁ/ configured to have different voltage

|

t hr eshpled ook of ?hleaftg?lg)rtﬁeﬁgré@%at d Qc%ﬂ{éﬁ%%r?srégé@gll gfg;csdélpled
{/inr ?‘E%Y"e%ﬁgﬁg {bg‘?\?r\xﬁggcp\r c}eggr@tirg;sqgm kb‘eihgaéaﬂ girdg? %a?jrhcgata latches in
conmesbersdel aefbritil (ST 885&?5}@25@; viblingsnsumetyore, the read
;:ﬁdﬁ‘ ‘hgﬁ%ismgr@ﬁqnaiMka&armekgﬁnﬁgrﬁggaﬁ%ﬁﬁf];ﬁférg%page jhreshoids
Bk R v
as dhresbnﬁdocmﬁdéﬁ'%i@% trﬁeﬁgnrgi;o;s %ng"gtgﬁégg : & Q%Wﬂhresho!d than
g: ggﬁél"‘}('{%&fﬁgis“tsaﬁ% ng a plurality of data. |at che?
: f. jing_read and witten; (b) a menory _
O 1 RS AR T T

' d
npdeletpetuismerach ety 1k L 00 BHE 00 o
0 ? gt %ﬁé fgét%ﬂgpéiégespm lgve!l forming a aath (#dh re8S 8. memory cell;

it lines for detecting
b)fa iRG 4 t Ml he..bi t ' .
32? zlgl )faeﬂylﬁ?egggfa rv‘é)ér}nassﬁ iR e5tiyate srad word trangirioseoftad second

o LGt e Hh Lo e rareofidod Unojesend (Deorsing the
Ur bR ﬁed}e%%t\ﬁor%g@}ms&%ﬁ '‘Bfesenseahyllifier Botiflad td Bit fine to
TenBeYerhik ot BRsLElRrs, while in another variation
i v%?t e. threshold of the read transistors is
15 [Oﬂglgii gne dﬁ? iqyg@goa'mmspbbrm%%ihﬂglng% %E g%éﬁw%d of accessing
:j r acfl!sgcg‘éq T&ﬁlti{; g'ﬁé'nﬁ&[y}rgaslmbﬁ%ﬁ%'(%] n@g{tgg@pm gatecwtitien tf transistors
aeg NG sreata @,tcfcfmwétst'icggiefrﬁgayf f@g?ﬁﬁéﬁlgﬁgdaage%d word signals
. ' 0 .
wi fgtsé;‘{‘;ﬁ"é% g@grv%c'?%ﬁt?érf%stgrsg angd (chsehsihgrthe olsjt;tmﬂ& the read word
. i 0
iAo o e B e b Sed bl dnes bs caperste a cata
. r _
2 BB Rihemeoreanction Blocis witird #REtEHE RAIBLY can be
; rea .
?P;bndsrﬁ)sg{.lﬂwiﬁﬁ Q%Wés}:\ﬁogtgldtgﬁlg%qs?\;)@{s, gygblaédhecread thidckl bRéhe read
ana write biocks, wherein faster Speeds and lower leakage currents can be
to g

exhibited by the circuit.

SS2004/021162

[0020] A number of aspecis are described for the

present invention, inciuding
but not limited to the following.

[0021] An aspect of the invention is an SRAM cell structure which has a
plurality of functionaj blocks, the functiohal biocks including read, write and
storage, wherein each functional block can have different threshoid vaitages.
Anather 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.

Another aspect of the invention is an SRAM

has the lowest design threshold, the write path has

[0022]

[0023] cell in which the read path

a medium design

-6~



10

15

20

25

30

generate a data bit output. 15 [0019] The invention-

WY AhscDf described in terms of a method of

accessing cells of a static nmenory, conprisi ng:Péﬁhszmwozum
mai ntaining data witten to transistors formng a -
data latch for a static nmenory cell; (b) applying a

|
HreRbPy andthe storage pathi has ehe By | Lstar s
oo it S AL e
| Sl oo nofsband ol UL T T B
I Ine [ uf .. . ,
flug %} onal bl ogs Wi t gi E]brt Re s%ogﬁgépelé%? sf dithyene terminal of
conft }’grlﬂq'é’@ "RRE Patiy iansistsirs agel toha el dade S RScdifected to 2
esduk 1S and wite bl ocks, wherein
100 1[ ast l(Ja_r ﬁ%%sdgbéﬁﬂgﬁ‘éﬁggs fe&h?é{?eé‘t’[ﬁﬂt@f@ﬁ@mkbe |
“Bthi bi t éaatiertdspect otwetinvd (sP]s 4h W%rﬂfgﬁuﬁéméﬁ hgs

argegg%?%i bed fO{ the present invention,

but ot 1 141882k ioekeans indapergiert 0824 Jinde (5888 ] write
t hpaihgyention is an SRAM cel|l structure which has a

[Oozl%h]ural ity of functional blocks, the functional bl ocks

cl udi AjoRIdsPect ofctharmive rgic i ch. .
f u%é@{@h,[,%g%, Ganhave T er et Smﬁgﬁgﬁ’@% which has
[002%10;’1A t age; . $d Higpsemeonordiing fovesdd aRdiveridhaths,
M ceRhotherwalbeét ¢ ARG . 30 _has a | ower
reRbal oMtfe ] t@’?‘t 'gtao?egﬁré?”&ﬁ de3% Path pelieme with a

tgg,%gl d voltage than that S
[ 00 ARHIdslransigieet of the invention is an SRAM cel |
[002Bh whi cRnbipR,r E .has .t he | owest design
threshol d, t ﬁggaﬁ?ff’%tf 2’ OIS ugierenae seamhpath Y¥Heme with
2 ATENMOS rpuRET frocgigtd/ 0211 & threshol d and the

00261 Or age, h_has the highest design threshold voltage.

[ ?%024] ‘A’ﬁ%ﬁ"ﬁé?s%ﬁé&m%mmn@onnsm amwhitestud forRAM f5tdment of
streference réad PRI RIS e/ hal , of read path =~ =
tr&\nsi stors _apg cgnnect)eag{oi%ggré?enafnﬂkﬁ?rﬁ (gﬁé)t%ﬁﬁimmd,
of UMRELe PR aTIXq coriguratiarts. t r ansi stors and to a virtual

[0030fode ] | ed. to 5 source transistor to _
- ré“s’%“f"'e‘éii%%@é%ﬁ%wvspﬁeew thy aekiectio02f]the utilization of

sup

ARYORE shargsbot dedicated refireRtd PBa structure
xg'sg\g has separate functional %‘? @8@% NV geftfehamplifiers
rd P'i nes for read and wite paths. [0026] Another

0 . - . - i
[003Hspect ArfothBeaspeet NV @nfidn %RQM a?)'ihrt;J ’E:ot ilrjr:pelerr\/\glnf \r;arri]c?L?s 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 wil 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 llustrative purposes only:

0 — : ,
[0034] FIG. 1 is a schematic of a conventional 6T SRAM cell and peripheral
circuits. |



10 separate functional blocks and the sane word |ine

f

' aths. [0027] Another aspect o
I%O?ﬁ)\%&'r@?'gnm{ Istg Peference read path schenme wi wﬁ/@szommzucz
PMOS source transistor. [0028] Another aspect of the

ith an
' tion is a reference read path schenme w
[Oﬁ%gnslcaafd@. 2ri&ueu$iima't|grd.iag?l:'égrie f:&?ﬁﬁéé C@g‘?é’f‘ﬁ’i‘agﬁiﬁﬁéﬁ{ caffof FIG. 1.
[ i . I . .
06, ool G ohis ab §n?ak%m§)anaa_aa;\mslesmuét 4665 B)an aspect
in oif e bﬁ@bﬁﬂinvehﬁﬂm%m?{]wﬂhxed ‘ngifcﬁﬁ&aw Cirewits for
[ 0030], Anot her aspect’ © e 1 VERTRGT oreuts ¥
ar cﬁPl‘E@W%@ eelf isakape ClUIhidnit.Z&LI onR%{D ) e;me;eﬁsgr e
i S
O e e
SR oo At eh S A e o
s multi- _
g@ﬁ%g@ﬁg&@fﬁﬁmdﬁmm of thengrelsent Moeh®HE @h’ﬂﬂ\ﬁngihé B&cement of

j ' her aspects of th
re t . 032] Furtt _
angftgfeggavﬁ%?l r‘egé prJ‘c"[rng?Jght out in the followng 25

' F hédi i red det ai | ed _
[Ooggﬂt i ?nsfﬁ aliSG?C (S)@ﬁmr : hgn@gﬁ!rag{)ﬂygle-wgﬁ %ﬁ%@e‘é* §IELI"§§7%@CC-°@"9 to
. 4 ; DESCR .
{J/a?é%ﬂstméﬂgig_?ﬁéﬂ%%%\% ﬁ‘!':0033 ) [ ] The invention

will be nDr@E‘TlﬂlLﬁujBESrCRquUOWOFeﬂ?E?N‘?iﬁl\z/@ogxge 30

e : : illustra rposes

[0022 | PW'[ 8%%% %%Srﬁ\églgggcglﬁég{ei érlawlijnswr, bwrmrillestraiR@3urposes the
1 Zrusncatand s ales ) nESEEUSLE o ove i
f?&ﬁ/hcg.llq]ﬂ%é &m It will ey @ppreviated thaﬁhe%ﬁp%?ﬁwsgﬁkkﬂvgbi gs to

schematic of an

FI Gonfigurdi®A36id &4 & ?%taiziilg Ogél]b%&?rtso?“q @t ghe swthod may vary as

f;&éﬁ%# rgg,egng gtrm?glals{/]agrtmssmli@idw vithioet Hbp YRR drdih I LLS concepts
foras@igtibodd haryse! ! | eakage current. |
[0041] The new SRAM cell structure and related sensing scheme are

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 contro| leakage. For example, the transistors of the read circuit
being configured with a lower voitage threshoid 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 threstold than the write circuit transistors. It will
be appreciated that the inaccuracies in fabrication iead to smail differences in
threshoid voltages between devices, however, these slight random variations
are not what is being addressed herein. In the present invention, the
differences in threshold voitages are in response to the design of the

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

-8-



5 [0037] FIG 4A - 4D are timng diagranms for the SRAM
c¥d 23bpme,in FIG 3. [00381 FiG 5A - 5F are block

di agrans of SRAM nenory organi zations accor di NnGpd®uUSs2004/021162
enbodi nents of the present invention, show ng the

pl ace t of reference and read paths. [0039] FIG 6
i saagmg‘%ﬁé‘?rg% {0 RRreanual - port SRAM cel | structure

[00azror di rgct § spect ofn the present invention,
show ng sensillh%%&t‘%:]a {9 MRlG SBIhogimest 1@0f a new SRAM call

coritiugiure rgdaelaied eaksifg %Héﬁ%ﬂécco%ﬁé"tb FrPe %E?%Re&;t :i:%l;-/lel%lon. The

o C%’,\‘J\M[E'\ITI O\Ia{ 0040] Referring noré speci

t h\?e:ﬂ;eam_ oS Uedr g’] P uditizad Wﬂblnpﬂnypﬂtsjsesﬂrﬂi@noﬁlf %@ﬁgﬁi 128WL
in | ITheSHEW appar at us genera S

i né?F?! qcraw 15§t hr ﬁugﬁgﬂ%&@f&%@gm Pgﬁé%ﬁﬁaﬁe@iagﬂ lgécnes), a

th Saggdrnating 4ranyd ¥ 3exs@ Nt fi {4 d .. ,
as tMslel kA of ltfg(e (garts,sand F_tg_hr?gfq?hemn{e}%h%g%r?gsgenm”a’ six
va'rb%eas t0 tMeceép Bt ovys indniéh. sle dive mesy SRAMMOSET shown in
depdEt Brogniprigas thes as_di scl osed . '

her.ej n. n&zorﬁl %'Feh Eﬁvi%% c@I | %%QQ’JBE’ﬁré"'aﬁ-d Sheiransistors
selPfg e mad) amniseglivedolohsQuar G5 4 Zwrite path to

nugh : which arise with conventiona
SRAMQQ?%JFHG{ gbg't &Jértgg’l’ 'ﬁg@"q TRARSISRE frne.smal areaksedeot theecell read

i nop@ration. Shrecidures bamed L& Rg desi gned
vvitt%egéffeihept t hr eshol d v%atdg%éégf 8@@?’%??o1"”?’e§ﬁé’@@ﬂected
For WY ok of ehiacent eof eeart raruistoeadngiie Whked to a sense
beanpiicienf T i r vol tage threshol d than

t hemépt or age@%gﬁgys’iaoareg?# Egl\é\ﬁig&go% & entippnemonhaiock or part

wr Pt BecentEaimemenchiotk gan &8 ddrindcd @ Qi :
t hggshRkgqLhan the storage transi storg,%{%é/nrg&%pﬂ%'dmg on different
transrstorsof the read circuit are configured with a

[0043) t hr e érhbbdintdattn A i,rcuit transistors.
I tW\(/evlrI I %ﬁ ﬁ?gprgg‘? at edétr&ﬁga{%\mﬂb'lﬁgh@ﬁa'@?@pﬁd?‘é Siare shown with

t ofiBrage ¢ aunge saandl atitigleveltamstirBshbiAr 8519l fiven
om

VOobp&eEiia I8k Vicce however, these slight ra
vari at i o%s %éa’gl‘r’@%n%% éﬁ%‘&?a SISt SRAicEsR S drevigimred with a
| nlOWs vgltagetiresimoidnt i on, the differences in threshol d

[ nse to the design of the

oog49! t agep in res  JES '
[ t:‘?ansi s o?@%?gfaﬁ%e F%g?vi Whgre VA tvriteevaicf lires)emeeRIML (read
t hweghiimhe) drs | v, -8 WO 2005/ 006340 )
Pcﬂ_/ H?ZO?MFOSE?L é@fcﬁ@, hn€¥fihd anf mne are tumed off. When C1is at 3
igh Teve

and C7B is low, mpb and mna are turned off and mpa and mnb are

turned on. Thereby, the data C1 and C18 are maintained. Since RWL/ is low

mne is off and there is no current path through mne and mnffrom a bit line

(BLBi) even though this bit line is precharged at Vgg which is similar to that of
FIG. 1.

3 - - |
[0045] One of the differences between the embodied cell structure and

ValalalVaVatH ) - -~ o~ H < !
canventional call structures is the use of Separate paths for read and write

operations. In the conventionaj structure, the cell access transistor and the

pull-down transistor need 1o be large for fast read and write operation.

Ho ' |
wever, in that case the cel| leakage current becomes a concem. In the new



5 [0048Y) arewg.géj%{%rgvei,l ore the cell data
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3illustrates
about five toten percent. [0042] Rl1& 3 11lustrates
nbodi ment 10 of a new S
ARy B850 6546 : ccording to the presgplysinnenaiie
ted sensing schene a

iy L?i gn The new cell structure can be utilize
:Nln;/ﬁi an&/ si ze of memory block (i.e. 128W gelxl s 12 .
> 56§_BJ StrituTRaf the prastent fveatien) %iﬁ%% t?!ﬁ]é) Eé}%zmnedagg W) and write

' ference rea : _ .
( dafﬁ%ftﬁégﬁgg%)ngﬁp@)gaerp%e@@mﬁ riEinanate a1@<thet§té¥%§'e§% lion of the
anpl'litl e S FynsS b %]G 1, the new S h a fast read
SRAMircE (mgl E;uﬁgycon”prl i Zlag {5qateddrorp dhe rqathpat . a fast rea
ﬁgg%ﬁﬁg 'S aghieyed siongtwianaisﬁgmﬁéant(y@g;ﬁag}é&wfﬁh J888age current,

10 change PPaleallstaugtyre. the celt tassistors Saf B readily
to

i h urce
mt yoakigureded Sﬁgb?ﬁ fdﬂ‘géﬁgﬁt'ofp?{*ﬂcrqg %ﬁ%‘%sl dve f% Srivesist i between
ran ! ;
{ ogl5eeBE surtent aa tos coltifemmeapestt! Wil dAMAIRIANS have 4
. | .
apdh[@:hetpl;%érygcgyél?aﬁ rﬁeﬁrﬂﬁgr%% ne'ecqu;@gkgg@ EOCENOthePBEN read
or a

h
of tPReGIstdegradeduuy tb hﬁ&l@o?ﬁ,‘édb&rf%ﬂglzi&b%dcf%{%%%ty Sfrﬁtransistors,

[ I different 15 design _
S ﬁ?ggkgérgg%al%rﬁe“taﬁ@%%?ﬂ@ pu H*rcgshr)]trdgmggc{rﬁg Flogi:e‘(/ﬁ!',glpﬁi[lg new cell
s hommuﬂd;of ﬁ]ﬁgrgg@?tgrr?ve%rﬁiéﬁgﬁ;‘efwgmq APltage obtraagietors can be
t hres , _ _ .
i AL ey somasohot S e o
Fﬁ”’?‘” or o aér’“g&e%?éﬁa? sl UeeSY thensistono(rHné IaHS)mﬁcﬂ) re

: d
RWArelaraby cm@dﬁd é@v&igﬂrt@f%ﬁg'l(:g?'olgaéq?;\f’gmrgnr%é,mngm;%ess the
glnge%aeqeg%\l,’rlr?%bs?mhﬁﬁa parts drermiedelRidd gﬁ@i@’%@ Péjacmgeration.

_ ta Cl an
ar Q"fﬁﬁﬁggﬁ %]inr(tz%ag@%}/slt%rtsrgﬁeaaﬁg &1 atsf ¢ordfigtirédes Bave lower
mai :
t
is

[$s8gld- eitagestib improveglemaagapdgnf froma bit Iine

[ [ [ i d at
[ his bit Ilineis precharge
[oof/ﬁd(BLBlm HeY &0 th(ﬁu h thi

whi ch 15 SIS atuesire Wéﬁh©Preﬁ@in\bntibﬁ$é§hr sSeHHor the
of-qm@jtdaﬁw@jrﬁ@%r fvnﬁ‘aﬁfér?ﬁt rrbodli-gd ce

convent i onal cel | strUCtUr SECFEOI yaliages @fmﬁe‘i ﬂgsign
2 23%?‘3(%“5%%55% WRY o axamaple, \m? }tiﬁaeggg@;@titrbgﬁgp {h@r storage part
Che S0 B iR andiS wikecar (erd gtk bidcRs ban b

- h
: eaanMedﬁatmmgh:‘?tsgglgg%@e‘aﬁﬁ%@ﬁ]ré%tLoﬁ_tEQﬁéq i (read
C eh.|ncltiSF‘}gf”'tg'llceJcl‘(:)l.J g

Y establishing the different threshoid levels the cell

leakage current through the turmed-off transistors of the storage part and the

cell access transistors from the bit lines can be Suppressed significantly while

it should be appreciated that the

is reduced exponentially in response to
increasing the threshoid voitage of the transistor.
utilize

the cell read Speed can be improved.

'léakage current of the transistor

Thereafore, the circuit can
different threshoid voltages, such as for the Storage part and the read
and write access transistors, to arrive at a ran

ge of desired Characteristics for
the SRAM device.

The SRAM cell structures depicted in FIG. 3 having three

-10-



-9 WD 2105/ 006340 PCT/ US2004/ 021162 cell structure of

t he present invention, since the read (mme and mmr)
andORPI5"8634hat hs (nmmc and nmmd) are preferably se arat e

and the storage portion of the circuit (npa, np%, ThiRge4/021162
and mmb) are isolated fromthe read path, a fast read
speeepamtadimaioad! Blo | i.qni fi cantl

suppressed cel | Ieakgg% s\(%r eeﬁtvﬁtg%dfé qa?fhst-h@‘le to the design
conPe g BresPNE BRAM ead biittess¢ henatiehkl BIbaRSE Bé%tesianed ith
canﬂ@hsggorg‘@%g]d diffé[onft% urﬁdw‘t&o support different ~ Wi
threshol d vo ta&és ' t8eahpichveliages danending oh dakdgeign
cur FeGiireamehtshe cell read speed. Wen the cell

5 loq‘ﬁﬂnsi stqrs.have a high threshold voltage to suppress

10

15

25

30

[0088hck) ahdrintipienbbibatiRadtHEv

[0050]

cel | “BHIEL JBPeTiARERRDECt I0f thelinventiad is Speadin

gSscheme related

degnétiede dug st current driving capability ,
of tr an_s?st or s@cé%gggglg@%gj%wo\’%e 18 ingeridesceliratheme, the read

pul Palldfsonnasisds amne. of Hhwielned. NFL NS, A

pul Fthe brosani T oneRned, o P réshtheCIOp cell, the read
o ’?‘ggéeﬁg){? FFeaﬁ%’i"E‘%cg?‘ztcbﬁW B& linedyar(BLBE dinritibethe next cell below,

adaftel mebﬁrarﬁ@to@(é\ﬁm%nea'n? ﬁ@reglgiﬁh%a%éét ransi stors

(mpa ngb’ ma and mn STIIereI’ore,the sensing
t r an<180Re % deteet theignaldjiffarendy of @bl Ying gﬁ%%%@% ifportant
5 .

hi gh e elements to suppres
I eakgéé g "f?ﬁ?%'gﬂta '\hg %Ci‘%"len%%% realizsstwg npastant eleaigecrequirbments.

t heSuRRressiegteakaerady , || d . :
tr a%;si Z’I[ o?;lgg%ne and n?nhf ;hrgP@%%frﬁégirgggF@r%%&Q ingrRasing the
t hr 8516 Y Whlshazjenalidiferepess orcine bit kradagpedtted] 3P4Hduid be

I n ridtedn I s f..the present invention,
eact;II slgcﬁvgﬁsgp ﬂ?‘héH%@ﬁ@ﬁ@ﬁ( '%BF?fE@bBbWﬁP@@DBU' inithé submemory

. o ;
o S\ OB ammaemaii g ot SBke SRR 78 may be piced i
vol t ages of ¢ RETDPH 5 argshith miitiplengie lihesct i onal

' nctional bl ock) can

be Cug_romj[l"? red athi gher thregﬁgpg}ﬁlvéggé‘?%‘sttﬂaﬁﬁ'ppﬁ%ﬁs lgrkage
th . eq.nl . 95‘?‘9? Roréad anﬁmmrﬁbath'ﬁ?@@iﬁ% halle Transistors
estvaitd h@hbﬂﬂwr&gﬁolﬁ%ﬁg@g{% t h”ﬁ hol d | evel s the cel

I eaI§ag§_f current throug & Y Lipfonyeatiena SetAMadell
r - 0Si
t heRICBIage Apseparatedretien=tf i§ &ido &%‘F&%IB% @?%gﬁ{q?éﬁ has a lower

fr It Lines cap be suppressed s

ani PLR0E ebno b Fén ilizattin thnstommgempsibyBtro 6 abud ot
be pafip retheaisg it - urrent of the

tr gnsi stor is r(;gldnﬁgggngsxﬁl)ne!n% |§a§pl%§'/e I??i@%%ﬁ@é&twhen the bit
| nCPERAREre eeenareetito avab tingtte @bnidHichhPEST Shifture shown i
Thenef or gyerd Ih%@%&é‘ & = shownin

tﬁg r}ead transistors is off since the read word line
ERWLI) is low, there is also leakage current flowing through these transistors.
I—or example, C1 is set Vg, mnfis turned on but mne is tumed off since RWLj
is low. However, a leakage current through transistor mne flows e\Ien though
this transistor is tumed off. )

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

o . - o ,
nventional sizing. According to the Invention, the read transistors are

11
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[0052]

utilize different threshold voltages, such as for the
storage part and the read 30 and wite access
t Mh300ssE4, to arrive at a range of desired

characteristics for the SRAM device. The SRAM c&fT/US2004/021162

structures depicted in FIG 3 having three _10 WO
21105 fuesdt AithQd | - . _Separate
ot B geowwel Uweehoft It 1 i Dimrarns el the

funct 'konal bl ocks, storag
to PR53GREIFANt iFwingdhmuaseht rORAMBR & nRIEnIBRRE than that flowing

f unglrd n be designed with transistors
havi n%ﬁbgiu ‘%tf‘g!rr g%{%t RO 1P8INeNyBenziepentieny @iattlevith the new

desPBAM calhstrugorNESn sBphR pgLher | rtant
aspect, of the inventi onplbs §Eﬂs1,een5| r% S%HE}%D@@;% dyough the
Wi trﬁafiﬁjé’”?:el | structure explained above. In the

IOOB"'}’en“V@n&%}a{ytﬁ“fDﬁH& the reﬁgﬁ path is connected to

onz_ of thﬂe bi i'nes. PUPPTERAMYT Eakageeranss toetdnfigure the bit
t helNeeas flaatiagsm st mesharR 4 ' it |ine
1155 Lo S, S S e o
transt st ot soar@ntHinekdieg. that fee i bitlineeréBhdge transistors
The r eand j e t g _detect the signal

di f?gpgﬁcaén p?ﬂ%p%g‘m)g%t ul}rgeedségiqﬁgngghﬁl%%ch%@r&t%iﬁtand then are
ThéBVatefinfior detis repc opermionary deaphd AR BWnEQH’(ﬁV ant .
desingefi léil Leents, . su pressing | eakage current % as in the
througﬁ fcﬂje ré%%mf.er £M rtisa$fE qtueer ears sugpraae led@RR%urTent
by anprioblens iagisad withf e <0 bit. ljne are K
sensed. Itaﬁ/houl d be &ﬁfgﬁ_ '?Iﬂ\g{ n‘? 'Qgc%}rﬁ?nc%v GHENg de write

i s PPEeNapirep|theriisond power siepls ipeBEMEY el l% é;ré virtually

’ ent bl ock. S | 1
commenicthd & KAEABRIL gt B6Kine Tinco Tk wemmcucts L)

efagled, ransiki L oci ol ot f
hecpmgspre pvent o< 10 SO BB oot ar

i N Thece B6F t3Ld Ansnal Bi cespeictieeiyat3indy this bittine

smakbacitdncans k&b Sahitig ' r, threshol d vol t ages
thﬁn utilized in ci"ﬁi"é%?%%‘aﬁgémf %fgch'h RNsstony anpesd twenty
A

Bl doer reben fa Writs trahsisiars efesabiedon hzad ﬁ%’w C1B are
e

hagisghhRWal g1, threshol d_than utilized I'n
st or age@gglql{e %L‘Ié;%ggr 9© Shirineeifegunthnodp aE his restdred by

netfiapeistor mpti.cBirice ficda ! ransi stors.
V\hg@cg%e. bi t &: ne pai rs_tqg?\eﬂ'%%éﬁg‘?gg?l% 'S&/G’éf"’z;%e Aggree of

t he "ConvEKt Safiderant| [Sasin the deal sdxpmevien th&ligh nédﬁ%egnd C1B
t hisudisc nsi stors is off sinhce the

r eatgltg mﬁg??ggégg c?‘é@%f %E‘%}”Q 8&?% Refe G kisalisehdrged éems and
cuf¥e A sighaliiffgrarueoniy Motib&Seahd RB&ESE P8 Sthe voltage of C7 and

C1B can be eventually restored to V,4 and Vs.

However, in the case of mismatches in transistor size and threshold
voltages, a different situation can ocaur. For example, node C1 can be
discharged more or less, the stored data information can be changed

He . o ) .
because the threshoid vottage of transistor mpb is lower than that of transisior

mpa due to fabrication process variation. That is, data dn node C7 and node
C17B can be changed from high and low to Jow and high, respectively.

! This is
a possioility which can occur in the new cell structure of the

present invention.
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[ is turned on but me
exanple, Cl is set Vdd, mmf is
rgrturngg off since RALi is |ow However, a |eakage

t ' thoucf fT L]
BHR%IPough transistor me flows even . .
icgloiransi storgi s turned off. [0050] In one enbodi m—éﬂ%

[ [ Mcell read speed is 30
of the present invention, SRA _ |
[0083Hed byThenerafaﬁddﬁidnﬁetrﬁrhggﬁsdéé?r?sg}ﬁeg{,%glggcﬁihgrése Ingitngrosperatnons
to about four tines the conv . ng. S
Ac c@*?%ﬁ* fiblines Torrine: i o insiamce eiatbrtieARS bhRfte 8ifiismatch in

' 4/ 021162 configured w
z]:illtgﬁfﬂt r ggﬁ%ﬁ@t Eﬁ@éggg%gn?ﬁ?ﬁsé%tq Rerepeadinspedrdprecharge

' i j ' read. path is ,
e B MR S
TherBrore, ¢ NECARE8alK AR drlavetne attatbsemiing phiRsBEWhe new

; ss the | eakage current )
Tops gt BT UGt he €T A AL 0o 036 1A o of ris ot

Nt he | eakage current is to configure
0 f]; uftrﬁi targ%leigge?;nt { leo Sianggi n a precharge state, EWhI ch
[oo r‘gsul ‘s Tihn égﬁl o ﬁéﬁqtﬁgoyvﬂénrgbg@gyr%@@.ﬁ)mvloes 'MoVel sensing
t héchemelwhieh d?o'bafn’t !ré%ug%h@nxgg?z icbé@?(ﬁ%%%ﬂ@égﬁ?qﬁqm@giq#@ve and
; : f :
: L@ﬁ#fi%%?lé@érgggﬁ@ maghmrmﬁﬂ&gjr%cﬁrﬁg%ﬁ?})@ \%agirtgésr%istors.
oS rhiaqé‘gﬁﬁ%!a@ﬂ%ﬁ’%%ﬁé%@.”e%?ﬁ@uaﬁn@ﬂwhswwafg'g operation
caANd spppeasseb dediage QUITdTRNEan g@g;ﬁg%ﬁ%ﬁ&'ﬁﬁﬁg"% REW novel
oo ekt Bomiing Vel refved tahemipaaes Eegergmwir%é@ Bath. The
v olviziny ﬁie@zlf Ofktilzé rééfe{:ﬂﬁlﬁ’cr%f]efadv%téﬁg {t#érq)ﬁqrie? énqwaj'ﬁ Ipiatfehaving
. . = _
J( \l;\ir(;@itrj?gﬁn@ ivir% @?l%%ﬁﬁiw ,emaamésémrrﬁetﬁfgga ﬁgfg}eggak rgeragit{ansistors.
Lo o o eBRE IR <L RAR o Vo basinaer Showai it HIBN8, the width
capbeaemerlerdas teartsianis ‘tadl'lé{;t {;)?}rfevg? Fg?@%%’é‘%’tﬁ% f??@edl section 20
t/v: Iétgr}‘zé éoge:ng%ﬁ{?? @5‘%@@% %/\GH'EQIEi.OI’tWOI’tMiﬁbF@?Q\l/iﬁ% E\ggﬂheof W
di sehstagest dhe (O BRLAG Al %%flsgs%giguq%:g@c‘@d i bit line
ﬁi' @flﬁé g{é%&éé oE1 istadied, rartwstdrgs eenfbctdd %CJP Yirial dround

' | ' | case, even thoug
IC]SSig?}%If@igmsf gégi’cscﬁi'gtf’ chflog g fogreenel yeo staaked dransistors in other
ef$BAM caitsde O is di scharged | ess and

[0057] In the top cell of FIG. 3, mne and mnf are two stacked transistors

having width of "W’, wherein one terminal of transistor mne is connected to
BLBi and one terminal of transistor mnfis connected to a virtual signal Vg,
shown represented as a dotted line interconnecting the two cell read sections
with transistor mse(A). The other terminal of the two transistors, mne ang
mnt, are connected with each other. The viriual 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, msh,

msc and msd) are stacked. One terminal of each pair of transistors is



10

15

20

30

[0059]

Vol age o O and OB can be eventual |y restored 1o
Etn i o S —
m smat ches in trans xanpl e, node C
2agé$é§gé¢;;g;;hzt%gégigf Zﬁ;gr;élegf%é c%r%g]??.g Fagfs:iﬁa;pamsa is

ot ?%@Fgéééé’d”ﬁ A e gg;g;_'a of ?é%é?dg?@ibsis{}ghnggztlegntp Vo, which
EFL gift&?tgf\@g ;?E%S%Hﬁgcge r%ffs%athg%ﬁ??dg-r ﬁ%@t@I Bvedermbieals of transistors
chafgednd: mad g oamstite wdSHLPWTABLRL Bonisior asa i

i his i a possi ( _ _
ir (nés%&ﬁ-g{érc]ﬁéé\?éj }éoéﬁ%@'tnﬁg'é?@g woit linkegRRRIE eNaind m@@ét‘ecﬁ;}tléansxstor

: / 6 [ 0053] There
2 U onal T htRgs £ o R AL Pl ahBhREsb mngrec and msd are

e et s 854y g moc's
1/ gﬁ{ogg%%gefd @htgl{ @?et Bf.ﬁﬁ%nq)gnq POHICH o fremsestominddti® connected to the

[ t hat
Bl Lo o e SuEC NBE $Bur S B8R v ke dvom o

| i.d .sensing does not arise. . |,
Ir23’%@?&?%"@‘7%@@9“9%“&‘3ﬁqieetﬂer-tst-ﬂfﬁlc u? g?o n%%{eolrj'%sc is
s enshABCRIOS héﬂggegsx}%q "2 WA link sigree (RRWIIH) Sind the gate
present |nvention : Th odj pent
ex(0f Fangistaivasg i ocﬁeref(@#}%fatbssr{é;fé%ﬂ sighs (REe e‘kRg‘léLF%an@ RRWLD
SDAND h e L LS i qeirasst inforpteeichas ognaes e read

i €ess

e ptoPthGAAKE) go%réa\%u%%."e? BN festieaieg wher| RESELS 1o
Prﬁééég%%@ gvnv'lpl “tier schem which el | m nates the

[ ' | eakage current,
[oo5® echar ﬁ%@ﬁiﬁ%bﬁ?‘%ﬁﬁg?ﬁsw resses | eakag

L andvRRWES are bhsbiel selectively
?ﬁ@ﬁ?;&w@sg oinedtionsaria®l ER8hbA DI 8302 0 on ks ofhior line
: :]&:érggﬂﬁﬁd {(@3?%191/2} g;ﬁe.-ir@iad gwa}remll?li?twgg E,hoﬁ?gﬁgﬁ?'lfﬂ% Soykce of the
e e AR
é&nﬁél&t{siﬁgmm tosth@%ab\r/bvigrgés% Rsﬁiba\mtqh tﬁgﬂrgit@hcgrs(%glrce
g?ﬁgg 'E{olrre %ea%e%%gztle%tdg_r%hgweu Bde_rteb\ys\f\;it Ig?ﬁéi gftét{?/vﬁe source
| i essistohens ﬁeé nggéﬁ ﬂ%ﬁé?ﬁriéttgg\é%%qlgﬁywwgni NMOS
igﬁ%g@g%& Be B'temaﬁimggﬁgﬁ.egﬁﬁt%oﬁg% ?ﬁt%éifetc}éf?%nuﬂgors, msa,
StRGK CRhSLIMISHRY Ol b

» Gan be changed according to design implementation
without departing from the invention.

The width of stacked transistors in the normaj cell is 'W’, but the width

of a transistor (.. 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 norma| cell.

-1 d.
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[ | which is also connected to the source of two
zlggﬁed transistors in other SRAMcells. [0057] In
t N P& of FIG 3, mme and mf are two stackepy
transi stors having width of "W, mhereln_onedternln
of transistor mme is connected to 25 BLBi and one

: . . rtua |
Wiheadizin dftamsIswra’in (Y rdfrGRRERGHhi & AN according to
ts?é&aﬁl V ,gshovvn represented as a otteéejaé I%ﬁ% d
C

i nt &6t Reyatiore (nwbaldhat pbmdseath itr@inSistavs].h

S2004/021162
ar

[ooBoRNSi stp]re.@@(%u%%'&?@n%ﬁqg?ter.rri..nal of the two

[0

(=

[00§&in

[0063]

{0084]

transistors, mme a UG HHURS @APRFE 19T dlae hew sensing

ot heghenThe MG r 4AiakBsiapiel sdrigifg kiﬁxiﬁ@mgﬁgﬁgﬁﬁ%r%b%bied. FIG. 4A

[ which s turne
oS PS1Ee GERe ISR 61 B ApYC TEbindowi ohiie FIGL b dopics 1
' ; istors, (e.g., nsa, nsb,
o aing W A C AR bein h! gns; Zr?ri nal (of geach pai r of

mac and nsd) are stacked. e

Bihnsi stlbraprashang: woiQ it lldéa/p%aﬁébeé%ﬁ&btiota voltage, typically V.
t 0 eac g
PR HIHET TN b comcpegpuis » o
' , ' b-is connecte
Vo uni o o Rlon AR it B Thars Rt i amiath

TheSenENepbraughiransisapia ans inifdrom BIER TRE diB&ed

ar eranaead nt c} e .Thg%%ate of transistor nmsa IS

5 connect ed&?qo e%g?ee{ée‘ﬁé’earﬁ _ SGi6H N heheell Rmhhay tlagdead

o e SIS COBL BT pihef IBRECBal AaPy S Bnapled o
. , s ’ .

;: g‘@%{jo F%n%sﬁq-’l;;/%ggl ﬁS—pa’ﬁgﬁéherceHEiata,Tbad dlgMan RS is enabled.

[ ' ted to.bit line BLBI and the
Sour oo W RRVLs SREDSS 48 Sibkied i ssidiesharpe ebdittorent

gr Gakes seegnas thegvarfing stope e B | A RSS! Rbtd B AW of

' [ ected toge
Thar s oty L, Sy b e Fansistnas sdWia" isistsre, the
of rane Shor e BB e IR NS AAhER AT HE. 48 due o
?‘;ﬁ%@{‘%@%ﬁg% Efi!IFGAEd larger Gua’bhbdri\ﬂlegh egpamgﬂyy Hg%ﬁhd?aétthe signal
S t: | ed en the rea p
ho rnce i HRtiest oUBRHED W) thecalr setesiainen

a i VbBndee eated) C1[OMRE] ad & réilﬂ%fdtré?f‘si{{ﬁlt gzg;éﬁgﬁg turned

R\éyﬂb RRWa are enabl ed sel ectively ~w .
iRnf or Fr@‘%}lgdﬁ N2rd! e Pehredoustacket dransistons dtdm aite bhgine bar,

ot Néteréfore, BLAi remains high and only the bit line, BLi, is discharged 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 RWL, 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 ceil having the ceil read transistors connected to the
other bit line is enabled, the siacked reference current path is selected to
develap a signal difference on the bit ines. For example, when RWLjis

enabled and the data of C2 is low and C2B is high, transistor mnf’is turned on

-15-



is enabled (i.e. RALI is selected when RRWa is o i
ect ed The source of the source transistor ns
iﬁk%%%?%%iwo the source of transistors nsg and R amonie:
: i i i the read signa
ile its gate is connected to _
ggdm?he'draingof source transistor nse is connected to

: t t  hLansk st or
P oM [ SRLFR TR e v
NV SRR BRNSHBIPTBE epnnsated to Ly theiska @l irdhi¥isiors
o dennebteatages) &rs a ?éncgécﬁ’.ﬁgggfégwhgsﬁg%wﬁﬁﬁ avalad, RRLWS is

an _ ; -

Sma?qg@&e%omngmmsigtdrrmm lsherraw ent vehen &r@%’?@dd sTiar/‘?al\,M s

_ ofeﬂag gtran%is orsinth_e nor mal c_el 'IS ; v

7 the w %8‘; GfTeRt PR Q?_@_t’@*ﬁ tr@ln.Sl§IO_rﬁrga$c a?d ﬁg%cg’(f:rgreﬂdBLBl is formed
neansischaigecs 56 s bl G2 igg'oc}u:g; Saligarat driving

i in
Ec,[ gg‘slééﬁi&%ﬁﬁ@@drtsamsistomm t;h@rrt@férﬁggé 'tp?gﬁgtf\gﬁi)érci\a@rq& slope of
gggnL?tﬂsegé\é/ H/Pr%lqgt%%?glf lB'é} %@ch élaesrpriaﬁseigmaircﬁffémrtcbebn bit lines.
[006R]r mal Yé¢hen thetd4th dfgci:jﬁ I?s?l';/'lbgfeﬂ\g: gg%@% fw,;%?;%"lé'steémeq gff and
N 1 -
10 e 86 PR pathr O O RS AR Only the bit ine ber, BLE), is

/ 6 The sizing of transistors in .
f g?{esggﬁ%gért@%bga%ﬁci@ddgﬁér % fienalditisranosgstdeveldped on the bit

! i i d path
dirsperation (i.e. half that of rea
deg?lziés orps). L’OO60] FiG 4A through FIG 4D |
[OOtﬁ] | ust r 2PECTHDRVRE Greend sighal Mg isnemrasnsd ) theS SAIREE transistor,

enab) s AR cafta Hnb B 32 oal fitesiroroiths Ieagage curent
15 :2 g\@%g'th@ugbwm off rEdadBtraﬁBis&ﬁ“Qio@te%cmcellt@é lri'sglirlnﬁc%\@ by the

i iagh. [0061] In a precharge c
?in%g%% Pgﬂr%'%egygg? TO0Ge Yensists megpi cal |y Vdd.  Waen

LS . P N . .data qof Cl is
Coctor ettt s WAL el
"L Ao Fohsis

81COU; ChtOc’d]llertﬂhﬁnqsathnge%@bgipgglicgﬁerences
. i
tr anepar s metor ol BRI sicrageicaliaieres i hinecoss mpiiir
20 t h$§NSae cam suppreds leakaps ShPESt &%ﬂ@&ﬁtﬁg ltnothﬁl‘%amplﬂg, the use

: i dto” turno

thes ignal RRW.a is enab , .

?r ot Fmg %H@g% tf%ngé% W%T%{ ces (h%lgagg ﬂﬂdenlg'blﬂf‘l .e'ldﬂbklglé'tall

i stramsktbedn thaVhsrerdNid '][em%ﬁ’\ R08rsB3hia2LS fnthe active mode,

Iinﬁs % scharge at differen o _
wnen RSI signal’is enabled, the voltage of V, is discharged to Vip, Where Vi, is

the threshoid valtage of the source PMQOS transistor. When RS/ goes to low

25 in the standby mode or when the related cell is not selected, such as when
RRWLa and RRWLb are low and RSiis also low, the gates of msa, msb, msc
and msd are low and the gate of the PMOS source transisior mse goes o
high. Since the voitage of Vg is Vip, Vgs of msb and msd is -V, which means
that transistors msb and msd are reverse-biased. Since the gate voltage of
30

the PMOS source transistor mse is Vye and the source voltage is Vi, , Vs of

transistor mse is V4 -Vip, Which aiso means that the sourcs transistor mse is

-16-



15 rates seen as the varying slopes of BLi and BLBi.

Note that the wwdth of transistor nmmf is 'W while

t W& 200/ omss4ansi stor nsa is 'W?2'. Therefore, the

di scharging sl ope of BLBi is faster as shown in RtEUS2004/021162
4A than in FIG 48 due to its larger transistor size

andgel - r LV ca ility. Hence, the
i ﬁa?‘%ggjiyl?fiﬁr'eﬁwg eghetvﬁgg%‘? P?ﬁ/igrﬂ%é/ i sy uolsdam etithetemurce of

Si
thgré‘tf@istoﬂ mss elneicthetira Ao [tRPGR: dat &, of i s )
a result of transistor (r)mf e%ﬁrbgﬂ{eu}’ﬂ@?e %}ﬁp? source ot

l o S,
i h‘gf;aggﬂsgorr{gsg GPFdRe dsainiof timnsisior stsacire s PBSKi®E Qbfages.

fr @médgddhdialy A refore, BLBi remains high
and only t %}ebﬁoﬂgpgﬁg?ragg{ifor%nﬁ SPRAPERIF oM dghf tramsistors

5 r efd53ARE Magris wmegml\/b,vdﬁage,a\%idﬁsrlﬂelah@ @Igﬁt tggg% g/g% lér]ansistors

R i e
a i - ; :
Vit b U vt e
o gy SR
e g s e o
Y ' @reatgd with
{ hopRlsRs on A B H1eRR oS e Reing: HMO Sreinsisats, while

e Wiuiee traheistarks| raxoe r istors.is
coggr%gt%g to.BL, t haerest ackgaéﬁfgatﬁg sbgrws%%e o?{ﬁ%@i%a 'EWBOS
BLBI

are Sef s NMELL istucture wiith jresutsainall adq penalty. To

15 RRide tisi | St BC ISt d on.
When 1ha Foad ot anal UGEBEHE RanSRfosaribe ieetc pan NMOS

t hFOURIHOLr Hhilis Fase atitcarmitorsit theq@@bRbe rsad BLAEG

t i L. As.explained earlier, due tg ave the
s?rsaﬁgg%j?ﬁ%%% PFUF‘%éB% ggb&tﬁ farmatien aftNGIEd. for PMOS

t r &@Rgisiors san betrhimimiha! i schar gi ng.
bt i e L e

0 N O CreHe GHTLPT e sosted BaSkoMSed e Uilge of the
= o] £ A
i At Vs b AN e

t Hggﬁe@ﬁbs fno cgtjér ent pa HRAsigtar is ahpyt zero volts
t igneegrive BilBige. iTherdicss Nk an
Mafle rérerbo0lesl Higrence, i s devel opggg%%gt Egﬁ%?t{%%'ng%""“gh

can be increased somewhat, however, it is still much
smaller since the leakage current of the cell block is limited by that of this
NMOS source transistor.

25 [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 referengie current path is
rormea rom the other bit fine to develop a signal difference by different
current driving of each current path.

30 : . :
[0070] When a signal difference is developed on the bit lines, the sensing

enable signal SAE is enabled 1o amplify the signal difference. A reference
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line pairs. [0066] Since the virtual ground signal V.
i‘g cqqn_n&)ct ed to the source transistor, ,the anount of
I'CQCAGE ey ent of the cell is not the sum of R Tus 2004021163

‘|l eakage current 15 flow ng through turned off read

transi stors of each cell but is [imted by the | eakage

cureathpati ist lacsdpecs phirad Hist Ltowill
be aﬁ_greci ated that tﬁe above g,s(gf,fl neé&rggéll@fdv@f giultiple bit line

| i REES- 4LEPUsR ?‘W@“ﬁ?%ﬁ@i‘% positiooep by par big_m h|i1és bi B&S be
f | ' L di. rences on the bit |ines

for ot oot PRRIE ARe tis. JE SBE af BpRreciies thasrios novel
anpRAV elevkee sambaemprmeitBaNSS a'rﬁﬁ'ft?&%f%#hé& %t@mwiﬁer

Cani fi tly. this exanple, the use
:ggﬁgéfu;f?g%%gytgneqﬁg‘hr?g gr)éutnp&e fegwhings afithe endsdi invention.

[007t3ki ng @i, SAMARRIGHtEES sEYLLe

- ferencg read path

reverse-hiased. In the active n{?(e}%,y Way\ReR¥FBplesergrariments

i sh%WQSIQéﬁ?T_ aﬂﬁ@”‘aogemgﬂtmﬁor\ﬂgeip‘fac@rﬁé}h%t‘fg@réfere\ﬁogaﬁﬁg path

WhgHE s¥hse ér@wh? tsrr gjgo_l d voltage of the source

transistor. Vet ””3 LA e Eﬁ/fﬁr%mrﬁ?d Imetrgisaerrdh\ynh placed per

smal meatmeny blvek (& ' cted,. sych as

when RRNS. ang. Kt e o MG G CihicBs Soiated by

ga*?@sa%qf% Aecrger (luped anthemednae @mmmea@delg@ﬁnao%heper smaller
. Since

f i stor nse goes to hig

¢ h%bv%”%%??“%?@é{”@?%ﬂ%@%@ Bedrempsiicsk armpoc), o
whe da . SBafThierrafsyi -
A, el B Y A8 s o v
source-t gn@f’g’PU}eﬂ_é’é’“i@ e Garfe Dhelmpecéomoﬁbai@%idtéd in
VIFIG. 31y, The sdrisBthSiat cgﬁ.ebét gpé/r%gé)_yivrtgﬁfﬁpgrle%ge%cggead paths

neo%g;b%hat_ tFE‘%Tsource transis
2 B 40 Pse the miediceFad SMB a1 59 :
t henel L396H9% a\éqdi s Vto, ﬁhe \L(_’)al tgége Cgfﬁ @hﬁgar@e&g‘ﬁ'p'e
transi st’g‘% nea and THESd BiG- SF - tit ﬁ?@#'@b@rfeﬁwmﬂgmd‘ce
volarag@adions é tteoaber gk ' nd the.drain
Ofin{ng i bor msd are al goéter_ gg‘?ltb ﬁ/ég&%of{%%g@%.vagiaﬁegs can be
t he gap§e§ ViBlge gt dnaRnsiid iniie atacaoding the te8¥hings herein
Vositlbutt dsatisg 9om the Lﬁggegﬁgwgﬁﬁ is a negative

t'hat thes

| tage, whi ch neans W transistors are

e
[0072E ¢ s cApPse@spevtar thinenvenmioncirotie 26 '
afrobides e eﬁh&gﬁcﬁgﬁg for the cell

: gﬁ%?%ﬁ?g;@%{a %&%?m%ng:@ linev eitecinbeativdsensing

;rlr@gq:;elhrm: 'g?gﬁdm&s b eI TEREE W th Wi Rgn pcgv%'gg reference current
t0 ' 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 1o provide a reference current to

“develop a signal difference on bit iines.

FiG. 6 depicts a duai-port SRAM variation of the SRAM previousiy
described. It can be seen from the schematic that the reference iine is split
and that two separate sense circuits are provided with the dua| data outputs
generated from comparisons against Viers and Ve thus providing two

separate outputs. It can aiso be seen in the figure that the functional biocks of
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i h is suppressed
e reftelrsnciorfgg(sg?tme |ssﬂg related wth the
?’?Peéﬁ'g@y ead path above is the use of differewrtr/us004/021162
types of MOS transi stors. One enbodi nent can be
created with transistors for carrying the reference
(raf'% FirClie RFRYCOMNIDBrad withidifferent velth ’_%@ thrbBﬁoi%%ufcﬁeexamaPle the

tors. wever, creat
: Ir\/[%§Jj ? %g%@ 3%‘ %J(Erl\égg @:”F’g’g‘sllé‘zogﬂ/%ﬁn@t%&@ UrEeSmturs,hwmch have a

| this probl
Fepyms SRR eBN Y P PR A

t r 5%%'1'%9{ wiakage while dneressingaddedd: anshotigs appidtited that

type, the area
a6 s ROt T SRuELENTon CANES implemented
tp r avithiost degartiag fioen fﬁente@cﬁﬁ?bs h8rehase of the NMOS

urce ansi stor, when the gate voltage is lowto
[oofﬁ

rn of fl NEHYESiRERtioanoyides new ek strhetuses FEres RANIngewces

t. s VSS, s of the N_ )
T, TP S Bk 80 L b airie ens e THnAbgeal biasks for

t 1 f ed with
rﬁ’“”@ga b el o ance s oo nia BEATELAN dligped wi
soPre ot ﬁ%meYOI 3ges;tg %{qqrpsﬁtamags |¢Hh‘eet lrsthaaCﬁotdg% part
el Tl S T D o
obja{?‘&qlex‘ﬁ@ﬂéﬁdtherEdnomgtpomexsm’cwem@ﬁﬁ ang Té&lrtta%na W iéhkage

can be selecte
[ ACOEEBAS. Ribfn e diereafiebiadsanising s aloo edoibeatin which

ent
e = sormxomeL s S R

|n%hx§ £apperied Eg,acwntu@rmrce code evitictifg Nd;rfﬂfﬁcﬁédn E:oea source
ea&bn@n@ferBtsuBéﬁeEs t % tgf)lé%ka\é\véte%q:gaeggﬁgﬁ%léngé@ﬁ{tgock

develo ed on the i nes

[OO7J§? gna ¥gh theadbssutiption a'mdvlef goriififs $h etails, these should not

0
glcf% !/‘3 %ggggﬁ??éi TE%%{Q?&%SS %/\gesggg!@g)%@ﬁ as pairely giroviding
b| flustratisnoof sane betrﬁé@fe%@nw d?yietdeia' % 81,%35 f this jnvention,

mpl i f al'so posi
'lrme[reﬁr%,eg " gy b%gﬂér@gﬁ;‘cgé‘ zh@tjthleysampbtof hee phedent i llrﬁiénuon fully

SRA|
g23?%%mgg%§é§ééﬂh%%?®#§ﬁﬁﬁ§ﬁ%%ﬁ%thp%%tgggrggoc\gl:g/l@.@ to those skilled
anl eiast, adsthatiberscepewsftthe Wredemandi@n! i5 Qebfingly to be

ent invention.
t el%ﬁé@%?/ noofthltng %tr?erretﬁan the appended claims, in which reference to an

element in the singular is not intended o mean "one and oniy one" uniess
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 expressiy incorporated
herein by r Ce and are intended to be encompassed by the present
ciaims. Moreover, it is not necessary for a device or method to address each
and every problem sought o 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 disciosure is intended to be dedicaied to the

16



[0071] FIG 5A through FIG 5F illustrate by way of
exggp%gnqnbodinents havi ng di fferent arrangenents for
the placettht of the reference read path and SeREPIUS2004/021162
anplifiers. In FIG 5A the reference read path is T
shomnmplaced per small menory block (distributed) or

per Pablieregediésook wwbetid? ths o 0 Q th : :
addégé%.@ecoder_(lunped). Th§9§%ﬂ5é5§ﬂsp¥9%é¥f?§h89§&mns
pl aced PRrTeCHRA ineine ¢Su. Neraaiy e (drsiié Bbe thnsieg
or pRferahdebRsi VA ynped), as shown in

) SRderangiRo AsBRIAINL N 35K ééﬂq&ﬁﬁ%dﬁlfﬁ@r%é@le% the eiement is
anpPYATEEslY reciiedhesingltias edrdse Bnglirst ok but ed formas in
FIG 5C or a |lunped formas depicted in FIG 5D. The
sense anplifier can be shared by nmultiple reference

read paths 15 as shown in FIG 5E or the reference

read path can be shared by nultiple sense anplifiers

as depicted in FIG 5F. It should be recogni zed that
conmbi nati ons of the above may be inplenented and t hat
vari ations can be introduced by one of ordinary skill

in the art according to the teachings herein wthout
departing fromthe present invention. 20 [0072]

Anot her aspect of the invention provides a sensing
schene for the cell structure which has a read path
only fromone bit line. The inventive sensing schene
contains a reference read path which can provide a
reference current to nake a signal difference on the
bit lines. The reference read path can provide a
different current driving capability to elimnate an
unnecessary 25 precharge step and to generate a signa
difference on the bit lines. The reference read path
can be any structure to provide a reference current to
“devel op a signal difference on bit lines. [0073} Fi G

6 depicts a dual-port SRAM variation of the SRAM
previously described. It can be seen fromthe

schematic that the reference line is split 30 and

that two separate sense circuits are provided with the
dual data outputs generated from conparisons agai nst
Vefl and V,,,f2 thus providing two separate outputs.

It can also be seen in the figure that the functiona

bl ocks of -18 WD 2n05/ 006340 PCT/ US2004/ 021162 the
circuit are configured with different voltage
threshol ds, for exanple the
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read sensing bl ocks are shown incorporating | ow Vf

transi stors, which have a |ower voltage threshold

than the transistors of the static nmenory latch to LLOYD WISE

reduce | eakage whil e increasing speed. It should be

appreci ated that 5 nunerous simlar variations of the

present invention can be inplenented wthout

departing fromthe teachi n%i n. [0074] The

present invention provides 'l structures for

SRAM devices and the like. The structures can

i ncorporate separate functional blocks for wite

pat hsl. r eadl npembey dmdcspm\d@egwltmmraa]denpaeéasabbmprising:
si gn nt threshold v to

supprasetarmge tel sEiEIs henBS & bl BEAEE fihes: and

i pr Oé/bfﬂﬁal'it?@@'fm%ﬂal Bldeks! WthR s§8 F?féﬂ%ttr%cgﬁ@dséaq)locks

wite word lines is also described for uci ng power

garopiisiegoend, whte aadistarageiblacksow | eakage read

oper f differential read

oot Wb s BRIl drb PRI e Sgi BT, RbgkS: and

t r ansikérirs shid readmisdkehreonfiglfed Witg aﬂBﬂ/e?‘ﬂﬁegﬁéld%ltage
termnal is connected to a virtual source node which

than sgithslerage blockssource transistor to suppress the
total |eakage current of nmenory cell block. [0075]

Al t hough the description above contains many details,

t hese2.shouA engrabry devicoastrediestl insclaini t WAerdil @ afkCR&RE blocks
of the invention but as nmerely providing

have & iqwari thrasheld woltagethapHbepyrds &iraks. pref erred

enbodi nents of this invention. 20 Therefore, it wll

be appreciated that the scope of the present invention
fullys. eno@mmmse@edemd:‘easeahmﬁ imechhisn WhwbBreimgale@dEblocks

obvi o S t e art, and that the

TR erthieBRks Eage hem e ite Blesiksr AHgRY wotkpalocks have
éldﬂérQHré%\}‘\olbOM]td& PbRahe skagk Mfockppended clainms, in

whi ch reference to an el erren? in the singular is not

i ntended to nean "one and only one unl ess 25

expl i |tIy so_stat

struckur ol BmbRl avienar oAl b4ERT ¢ WhoTHIE seidehtzicture
@iz ehabame-wieROirdeaer Heefedldr sl pkoghignt  that are

known to those of ordinary skill in the art are

expressly incorporated herein by reference and are

i ntended t resen cla

Mor eopEger '?t"p&ngﬁ}:? ngécégg%%e"% |IH ivwbgreérﬂ sa@f%%ldstructure
utiizas depamte achd Bhea fet theaesd @hdbhmm pAkght to be

solved by the present invention, for it to be

enconpassed by the present clains. Furthernore, no

el emgnt, cp t

di scﬁsur e ﬁ@'ﬁﬁﬁé%%v(é tag‘:r‘%%lfégj ﬁ.“@%ﬁeg’ {Vngr(%q S3ffYead word
lines activate 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 device as recited in claim 1:
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-19 WD 21105/1106340 P CT/TJS 20114/1121162 public

regardl ess of whether the el ement, conponent, or LLOYD WISE

nethod step is explicitly recited in the clains. No
claimelenent herein is to be construed wunder the
provi sions of 13A5 U.S.C. 112, sixth paragraph, unless
the elenment is expressly recited using the phrase

"means, for." -20 LLOY E CLAIMS 1. A nenory device.

ot o ML AT AP IRAS RO euTP e B Grarin g reas Retrasistors;
dmpory cell structure having a plurality of data

| atches; and 5 a FI urality of functional blocks

wi t hiwhergina @eoup ot raast path, transisiots fresa fstpresoncell are

' St 9] ks; r el i1 d read
by bR SRR LR o B i S 88eons
MBRIoeY Bels &) 8 réfeasndd ARSIy WhRANbHEY edrtualtdbde. | over
threshol d voltage than said storage blocks. 10 2. A

menory device as recited in claim1, wherein said read

bl ocks gaﬁ\’%%neéﬁ/\;@évié@ﬁgwa{e% iYm()éI%igrg?1 @%ﬁglﬁ:ﬁﬁ?\’r\fsintge

bl ocks. dévice as reci

wher ei serssg dmiptifier fol detectingTdiaveiry feeiefforhhyaas Batdiatches
oltage than the wite blocks, and said wite blocks
a2 Tgad ARtk 3t eshol d vol tage than the storage

bl ock, sé‘urcééfgg'gﬁt& 9&)@88 t@§a{<jlt | r{s%dahpltl]ffér% %E)%ers& leakage

wher el n sai structure I'Zes the sa
durmess of oell bloekr ead and wite paths. 20 5. A nenory

device as.reciited in claim1, wherein sajd cel]l )
strucHRATEIN SAIF|SOMECE WanSplar SomrisesaniNis of RMPS gansistor.

and wite paths. 6. A nmenory device as recited in
claim5, wherein said read word 25 |lines activate

t r an$.st orA nuouityedevice bs reditatkeis dlaim 8ewbemin sgidsiefegrahce
di f,f.er ences ines whjch are differ el?.ti al !o¥1

. he bit. |
Ear 186 SPEFSaid onod Ry iling SR Plaggodhf EyoutSotoufa

within said memory device which is either distributed or lumped.

10. A memory device as recited in claim 8, wherein said reference
read line and said sense amplifiers may be utilized in a shared or dedicated

configuration within said memory device.

11. A memory device as recited in claim 1, wherein said cell structure

comprises a multi-port static random-access memory cell structure.

12. A memory device, having a static random-access memory
configuration, comprising:

a plurality of static memory cells formed from data latches;

a plurality of word lines for controlling the read path;

a plurality of word lines for controlling the write path; and
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state. 7. A nenory device as recited in claim1: -21

LLOYD WSE wherein each said read bl ock conprises a LLOYD WISE

group of read path transistors; and wherein a group of
read path transistors froma first nenory cell are
connected together with a group of read path
transistors froma second 5 nenory cell to a reference

dli [ f o ' | .node. 8. A
deui cePhgaltial furtoRaL oty WediRg fead BT giace
senseyvRamin ai8Nreb@bisKsosrk! P arabdrdif A Wﬁgéjgﬁaf:?g}naking

said data | atches along a read path; and source
saidreadpath skpasatedirom sead wrisepsth;anpl i fier to suppress

1 anciiersit Bl PraLSdy g hiputE e JFeEhgd

doditiohst@h GlRe @forb g6 ibldisksi.n cl ai m 8, wherein said
reference 15 read line and said sense anplifier may
be placed in a |l ayout configuration within said nmenory
devi whi ' ' ' 1 byt ed_. u . 10. A
rnerro‘lr:‘f/s'dev’i‘e Eneé'ﬁgﬁ)r %%ﬁéeeggi?%&t‘%lahﬁq%@{ J\%Bﬁﬁgﬁ%r §ginprising a

virth &lrreydecto wisiah read @atinttafsistbrs anrs eonmgdtbd ibtwedmYifReent bit
utilized in a shared or dedicated 20 configuration

Wi€Shi n said menory device. 11. A menory device as
recited in claiml1, wherein said cell structure

conprises a nulti-port static random access nenory

cel | ®t.rucA memoBbddvce As mecited/indsaint 3, fuathieRgomprising a
static rgndom access rrermr}/ .configuration, _
B ATEP I CRnJpieR) fof pogPIBingdIerasiial 5orsing betunarpthe bit
life@m data latches; a plurality of word lines for
controlling the read path; a plurality of word |lines

for controlling the wite path; and -22 LLOYD WSE a

pluraldty pf functional blocks,incl.udi ead, wite
Y 39,

and Yr adamemory device as recited in claim 1 erein the connection

to said virtual node suppresses leakage current of cell blocks.

16. A semiconductor memory circuit, comprising:

a plurality of static memory cells having functional blocks comprising a
read block, a write block, and a storage block, each said storage block having
a data latch forming an element of the memory cells and configured for being
read and written;

one or more memory cell reading transistors with each said read block
having an input coupled to each said data latch within said storage block and
an output coupled to one of at least two bit lines;

a sense amplifier coupled between said at least two bit lines for detecting
data being read from each said data latch in response to differential sensing

between said at least two bit lines; and
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wherein said read bl ocks are separate fromsaid wite

bl ocks making said read path separate fromsaid wite LLOYDWISE

pat h; wherein said read bl ocks are configured to have

| oner threshold 5 conditions than the storage bl ocks
13. A nenory device as recited in claim12, further

conprising a virtual node to which read path

transi stors are nnecte tween different bit .

|1 noch afBranc? Ralding op Rlan KLeaS sairead Blookchnd peigsense
AHphiafoF O8I difbRatial sSRASEWRARESpe& o %ﬂfg{bagsi@ﬁné@
performng differential sensing between the Dbit

lines. 15 15. A nenory device as recited in claim 13,
vvhere'./n th& connect.ion to sai

d_virt de. | |
suppr esses I"é%@galec'ﬁwtr%ﬂecbtfeddré\lélar"ﬂlu%lbWg?erg@. trapsistors of said

reell KlecKlHd e5nflfRndd Yo RAVE HilbweF HFBSASH %Ita?e BhaH Bld fransistors
of static nenory cells having functional blocks

efoaid starage Rlocko read block, a wite block, and a
storage bl ock, each said storage bl ock having a data
latch formng an el enent of the nenory cells and

conf i gRirRehdracrylsiicnd as re@ile@itlciairn HiBe RurtkereddfpriEi@ a source
menpry cell reading transistors with each said read

RRiRor ravplrg tasaidhsrsecampliier tosuppeesssigprkagricurreat ch

Wi thin said storage block and 25 an output coupled to
one of at least two bit lines; a sense anplifier

coupl Bl beAweemopacictuittad esited timveldiint 16, iwresefnthe same said

detecting data bei r fromeach said data | atch
W?lrdr'&ep'ér?é)é'p?‘a(&@ ?qtggﬁﬁéﬁ&c@é@ Whte Bleekeen said at
| east two bit lines; and -23 LLOYD WSE a reference

read |ine coupled to each said read bl ock and said
sense2@npl A fmemofyocirast ab wicited e clairal 16; evigireig sdid lat least one

respect to different bit |jnes. 17. menpry circuit
SR et Feratrimworh Ui wit inad € iestodsibled tayread
leaks Hh@ ekvieavsranfnedWRMIdPt MR Rokyer threshol d
vol tage than the transistors of said storage bl ock.

21. A memory circuit 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 circuit as recited in claim 16, wherein one group of
read path transistors within a first read block are connected together with
another group of read path transistors within a second read block to a reference

read line, which is connected to a sense amplifier.

23. A method of accessing cells of a static memory, comprising:
maintaining data written to transistors of a first voltage threshold level

forming a data latch for a static memory cell within a plurality of memory cells;
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18. A nmenory circuit as recited in claim16, further
conprising a source transistor coupled to said sense LLOYDWISE
anplifier to suppress | eakage current. 10 19. A nenory
circuit as recited in claim 16, wherein the sane said
word line is coupled to both read bl ocks and wite
bl ocks. 20. A nenory circuit as recited in claim16,
wherein said at | east one 15 word, line conpri
separ‘%?%r%ﬁﬂ'%lmﬁﬁ?,ry ﬁffﬁomgaemr%?t? i13eh. %6%?)‘?5??01‘03”" a
wie@blod;ocks and a wite word lines coupled to wite
bl ocks. 21. A nenory circuit as recited in claim 20,
wher evherein gaek sepdwologk is Corfigured iwitht ene pansirs read word
oupl .to said bit lines for devel oping signal 20
tgé?rfﬁ%tgg%ces on the bit lines for said differenti al
sensiwBeref?eadh WRIHOblbckiis €Bhfig@ed VAt 686 o mdrkalrte Word
wherein one group of read path transistors within a
transistorssad bl ock are connected together with another

o1 oon el pdPad tOGRARLRAR HbR AdnSRE K hBTtne

driotheisense anplifier. 23. A nethod of accessing cells
of a static nenory, conprising: naintaining data
wr i t t3RPlYIBY B reRsl wersr sigial ta activate reartvrye transistaes of a second

' - t.all ry cell
e it RBITAnRA(1S idhe B trsliqiBgB At RO LY s
wher esensirgg theneutpuyofCiblel read srdsesmsistdatia 4 sérids amplifier
rea | ock, and a wite block; wherein each read bl ock
GAUPRMIA B ditdedrasneraies datsy it puldtword  transi stors:

5 wherein each wite block is configured with one or
nore wite word transistors; wherein said read bl ocks
and vi¢4.t e Almethed @asaesitpdiraclaint 28mvbeesin aaat bemse amplifier is

| yi d d_si |t tivat d word
R Efeen o btlinenard Toe 0514 Syt i eeiptediniresporse to
difsgertiBRsedding bf ¥ald aaput el shid ARd bR MRy t he
out put of the read word transistors in a sense

amplifier
25. A method as recited in claim 23, further comprising writing to said
static memory cell in response to activating transistors driven by a separate

write word line which loads the latch of the static memory cell from bit line data.
26. A method as recited in claim 25, wherein said transistors activated
by said separate write word line are configured with a third voltage threshold

that is less than said first voltage threshold.

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

threshold is higher than said second threshold.
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coupled to a bit line to generate a data bit output.
24. A nethod as recited in claim23, wherein said
sense anplifier is 15 coupled between two bit |ines
and the data output is generated in response to
differential sensing of data output between said two
bits lines. 25. A nethod as recited in claim 23,
furt cofpri si witing to sajd . static nenory cel
i n 1 ehonde MYROdE FEEPTT PRSP StAlCPRRGIY prapTising:
separpbmitaRing ddt8 Witeh 1o ﬁ@né@&b@fdrﬁﬁk?atdﬁa \RER Ford static
the static nenory cell frombit |ine data. 26. A
menteoyical recited in claim?25, wherein said
transistors tivated by said separate wii rd ,
11 ne WP Eaf B amel S tinect S80Sl Mad BofRea wrie
hlbgk; is | ess than said first voltage threshold. 25 27.
A nethod as recited in claim26, wherein said third.
vol t applying raere| wordssiangjtie @ctivale readdverddeansistors within a
'%quﬁg .d. -25 LLOYD WSE 28. A nethod of accessing

el'l's"of a static nenory, conprising: maintaining data
Wi t twheren baidnendtwrd tfrsistog eredainfigusddCWith @ lodver voltage
static nmenor ; wherein said static nmenory cel

S

y.cell; |
theasheld iy said tradsistes i isaichdatar laich; agdpl ock: appl yi ng
are j ' r - t ' [ S
SR Bl P A ] R e
¢aumhesd betweerabie licesbing eoafiguveditogdnenete &/ dataa@etput in response
t hreshold than said transistors of said data | atch;
t&yf{ﬁﬁ'@”&'@h%@'}%“q E@“’Yﬁﬁ'b‘iﬁ'dé‘f"ott}ﬁtel"}eé‘ad word transistors
in a sense anplifier coupled between bit |ines and
configured to generate a data output in response to
di f f e2%®nt i Almatbodiasgebit¢dwredasai2d, fumthdridon prisirsg géBerating a

t hod as cited in claim?28, further c risin e
eraPe frd e 16 teldreReiadhé caee Itore Stasis Bruiends mgid bit
itfeg. read word signals coupled to said bit |ines. 30.

A nmethod as recited in claim28, further conprising
suppr essi ng

30. A method as recited in claim 28, further comprising suppressing

leakage current by coupling a source transistor to said sense ampilifier.

31. A method as recited in claim 28, further comprising applying a
write word signal to activate write word transistors within said write block 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.
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| eakage current by coupling a source transistor to
said sense anplifier. 20 31. A nethod as recited in

claim 28, further conprising applying a wite word LLOYD WISE

signal to activate wite word transistors within said

wite block for witing data into said data latch. 25

32. A nethod as recited in claim31, further

conpri.sing,confiquring., the wi dtransistors .

o th 481 oo FRIGp A5t fed U ol o Ao €bSptiguring

the writaiwbrdatahsifibewith a%i%MQY\FbIMbéﬁhré’s?}omm $9d tmsistors of

recited in claim32, further conprising configuring

S re@d werdwaasistaifsi stors with a hi gher vol tage

threshold than said transistors of said read word

transistors. 5 34. A nmenory device as recited in claim

1, fus4.herAessmonsdedce assesitsd mdhin Hefurfher cdpimisingig

data being read fromsaid data |l atches along a rea

pat h; 2 apRsepMPfiedfos detectingmataibeing epadoiipmesnit datalatches
j .two bit lines; and 10 wherein the

%ﬁ? S?tegb%%glﬁ’d sense anplifier reads the state of said

dat a whereahssidisensegropiffiertio cdipledbenveah sarnat 18gst two bit

pet ween said bit lines. 35. A nenory device as recited

NgScPBA m 34, wherein the current driving or

01 SCIRGRPIHARABLL bf YaiBlseRb dof s PRAAL Y <138 & said data

sense anmplifier Is I fferent an e current

ldtches ny respatisedh aliffenegtialbsrising bygtwderasaid dot lpash i n

said data latch. 36. A nenory device as recited in

claim7, wherein said virtual node 1is connected to a

sense3nnpl A h&hordevide ab rEBIRY 1 d5i 88, Rl th&urrBnt

claim 36, further conprising a source transistor

drping eddischarging sapatslityrgiisald mad patb fppsaid sensalawgifier is

iR, BB N G BS54l BBl sai
ditbhgtcha distributed or |unped configuration.

36. A memory device as recited in claim 7, wherein said virtual node

is connected to a sense amplifier.

37. A memory device as recited in claim 36, further comprising a

source transistor coupled to said sense amplifier to suppress leakage current.

38. A memory circuit as recited in claim 16, wherein said sense

amplifier has a read path as either a distributed or lumped configuration.

39. A memory circuit as recited in claim 16, wherein said sense

ampilifier is configured with a shared read path or a dedicated read path.
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39. Anenory circuit as recited in claim116, wherein

said sense anplifier is configured with a shared read || oypwiISE

path or a dedicated read path. -27 LLOYD WSE 40. A
menory circuit as recited in claim 16, wherein the
current driving or discharging capability of a read
path for said sense anplifier is different than the
curre drjving or discharging . capabi)ity of a read
parh M oo hSabhoreiCas b if A b haeirabprarans
drhindTbP8iscHBRiR) BagatifybiRAtdadaiath 3bdsaid ¥a9Ee HMbIifkh &
is in either a distributed or |'unped configuration.
different thamthe ayremdariving ondistbangitscapdtslitgiof aaendadth in said
&ﬁ%higﬁ said 10 sense anplifier is configured for

ﬁ% Shared or dedicated utilization within the
menory device. 43. A nethod as recited in claim 28,
wherein the current driving or discharging capability
of a 4ead Harethpdrassgrited éneleira@sl Whieeeiniasredidf patheritsaid

8 arddiatTs AR Bl B LS RaeRRR o

recited in claim28, wherein said nenory cells are

configured with separate functional blocks controlled
by ei‘&her A meetbada@sigeiied In daim 28 wheeein argagheptivaf seid

, . ) r j nes, f .he ... .
B3-S SmPI 5O PIO S0 9B SRl Selield LQleakf winn e
meniorgdevicecl aim 1, conprising: a plurality of
transistors formng said plurality of functional
bl ocks; said functional blocks conprising a read

bl ocks3 a v inj&hBl %%!‘rteeﬁéid m&aﬁ# 282/ hlefdi qhQEHﬁgﬁfgﬁﬁ\ﬂHS or

bl ock; wherein a wite path I's established’t
dischesgsigarapability af d read pattbfarcaid senseampiifienistdifférent than

eparately established through transistors of said
BRGNS gh eI Ta e EPApMS o6 B4 prifnma data latch.
having a first bit line coupled to a first term nal of

said wite o .
A method as recited in claim 28, wherein said memory cells are

configured with separate functional blocks controlled by either the same word
lines for the read and write paths, or controlled by separate word lines for the

read and write paths.

45. A memory device as recited in claim 1, comprising:

a plurality of transistors forming said plurality of functional blocks;

said functional blocks comprising a read block, a write block and a data
latch of a storage block;

wherein a write path is established through transistors of said write block
and a read path is separately established through transistors of said read block;

and
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bl ock and a second bit line coupled to a second

termnal of said wite block; a bit line of said bit LLOYD WISE
line pair coupled to one term nal of said read bl ock;

wherein said read block is configured with a | ower

threshold voltage than 5 said storage block. 46. A

menory device as recited in claim1l, conprisi ng a

pl ural of transi st oS f.ormn f _ .

Punced BhdnSaeRbing a SRt Sl Bt Qsmhalionga wrie
BleéaklaRd @Cdecondvsit ire SbANKd 398 sl dermiBal é‘F &id gﬁb? (f(ck

storage block; said transistors wthin sald rea
are oohitiigacésaid bibline peinouptertosine wrMaI@geatmmad block;

h of d bl d
r ead WRIRIESAET P8 I s R PHARNES BipBR” 1EetRRighelege than
dad 6frbge Blaakks within different nenory cells. 15 47.

A nenory device as recited in claim46, further
conprising: a reference read path circuit coupled to

coupl i ¢ bffferage sdifec BAGH T EMhlphShevi co

as r explueality of abasistcrs feoningissidglursiny of fumtlbhanlabcks
bl ocks c?nprl Si ggl a read block, a wite block and

dat a Saiafyictighabblocks ag@pﬂﬁmska readhllioek o White bqukeemd a data
Ig&ﬁgff'asétgﬂa{ge B’ r§t bit line and a second bit |ine;
0

latc nprising a first, second, third and
f our tdmid transistdre Wit saidfieadtbib clasrs @irﬁrguoéd fithch lwdre

| ock. co Ied bet ween sai d I ch and said first bit
PRI R Eage 6 e R et e S a0Rblock. BIBGK

coupl | Y ina:

S L e T
docks withibetifferemt swrdorylallsh and one of said bit lines

wWthin said bit line pair; -29 LLOYD WSE wherein
said transistors of said read bl ock are configured

Wi th 47 | owRmdmbesHe)ice %8 réAaR W'tﬁléiﬂ ﬂ@nﬁlhﬁbpﬁém\ﬂrlgmg

said storage block. 49. A nenory device as recited
cl ai A pgergneetread p;ga@h}rprrp@lt ﬁgupled to said reference read line; and

a sense amplifier coupled to said bit line pair.

48. A memory device as recited in claim 1, comprising:

said functional blocks comprising a read block, a write block and a data
latch of a storage block;

a pair of bit lines comprising a first bit line and a second b.it line;

said latch comprising a first, second, third and fourth transistor;

a first transistor of said write block coupled between said latch and said
first bit line, and a second transistor of said write block coupled between said
latch and said second bit line; and

a first and second transistor of said read block coupled between said

latch and one of said bit lines within said bit line pair;

-20-



5 areference read line formng a virtual node which

is coupled to said read blocks within different

nmenory cells; a reference read path circuit coupled to LLOYDWISE
said reference read line; and a sense anplifier

coupled to said bit Iine pair. -30

wherein said transistors of said read block are configured with a lower

threshold voltage than transistors within said storage block.

49. A memory device as recited in claim 48, further comprising:

a reference read line forming a virtual node which is coupled to said read
blocks within different memory cells;

a reference read path circuit coupled to said reference read line; and

a sense amplifier coupled to said bit line pair.
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