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BACKGROUND OF THE INVENTION
1. Field of the Invention

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

particularly to static random access memory circuits.
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WD 2005/ 006340 PCTI US2004/ 021162 2. Description of
Rel ated Art [0006]. Static Random Access Menory ( SRAM

i sv@ 260800638 €l ectronic data storage which ret g
data as long as power is supplied. Static RAMs i us2004021162

widely utilized wthin all manner of electronic

devihces, D%Qgri I ia ly well 5 suited for use in
por t'abl e‘u#h@nﬂ—@g'—g% = i cations, as well as in high
[0Q06]f or maStaticdRandmim dyebks MdrROS (SRAMPFsta'iR%rlﬁn Sfl“1 electronic data
S

hand- hel d g%i ce. applications, such as ce phones,
SRARIOTIISVNIRD refains datpamlongraspower iswuphbed. StatisoRAMS are

- CI I G&d i i i i : Lle Vi di
b BN SR Ak U 8 Lty .
appBuited fostise i pottable ori anubheldepplicatidhss asWigltas B HigE

the? can&)rovidefa.t access tinmes while not |
" eqBPH PR e Vi pPeliclonss I eertele ok Agkshold dlaviced
i N BypiRaEtienSAILANEL AR TIRITBRAMS ﬁgﬁﬁ}gqe stefbh0 Ghtal tefntibn

shows a typical SRAM cell consisti
t r awheutsupppg TircaiRaNua keepingatomplexity johewhile providing robust

' it wh de .G .is 15 h d
o " GAe Biarh, T AR Gerrd R CAPRshicry SeB s i epRgassor
on. cawing, stitk the SRAMMER prAide fabt adt¥sHrRE8 wiilBIndk rdduiring the
turanj(?é;lg and m9J i s turned off. Hence, as long as

poné {6Ppih eperatigns requitediindPrmmaic R ardarm diacess Memory

hi g(qpmm)_l ow respectively. [0008] FIG 2 shows a read

timng diagramof the conventional 6T SRAM cell 20 _
[009Fbwn i rFIQ. & shows a typicalSRakgesligarisistingRRSIX transistors (6T

by SERAN SR BR pefinfiial B ' E S arinahen nede C_i is
Vddorethaigedtit 4y, (EMHRmp did mﬁ?eda{#ahb ,m%,e,ggmdggg of. Node

bitC ine is di schakr__jc_];e dependi ng on the st
For CExHifset Vssldata &) Thenefepe, awd_iisiumed omand mn1_jis tumed

uratd eacs <108 S8 duerE sEBARd, e 956 o g g refinfained
t hehigb landdew oéspiiclivelys di scharged slowly through ma4J
100BBH, T2y SRS AR of B S b AM cel

o 10 1 s, 0o oy g i

paiMBPZd ara fgmediosd $9, hihkinespaise(Binyilanti BB () preprécharged at

Fubls UG 1 PUINIRL Work the 3L Pl 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. Sincé
CB_jis low and mn2_j is turned on, the voltage of BLBj is discharged slowly
through mn4_jand mn2_j. When a certain amount of voltage difference
between bit line pa'irs arises, a sensing enable signal (PSAFEj) is enabled to
amplify the signal difference. The voitage difference on the bit line pairs is
amplified by the sense amplifier (j) and a full CMOS output pairs (Di and Dbi)

are generated at the outputs of the sense ampilifier.
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30 are generated at the outputs of the sense

amplifier. -2 W 2005/006340 PCT/ US2004/021162. [ 0009]
Siwoendsies4ypi cal 6T SRAM cel | creates a signal perus2004/021162
difference on bit lines by itself, the read speed of

SRAM is faster than that of DRAM in which a charge

[0608Y i Ng tSinGe tet tyBRAl ShSFg\M el e ABd ﬁghaslldg%rgpcq_ﬁpsbit lines

capaci tances i s needed an read spee
6T Smilseleine nead speedof SRAM e fastenthantbabofdDRANM in which a

i d ' [ desi gn. . However,. there is
¢ Shtrs e drk8 eRlec AP B Ao RN BHERstAntes fe beded and
As road speediisnsibwed UThiss6 7 SRAMellHRSI Dferystaldld structure and is
decreases and the threshol d voltage of transistors Is

r edYERR]Y Ligetdn AtPigat SHAM dssiann ddoweverp theteiing trasieraffbetween
S : t AL . . , .
5 POURS S 90 AR AL i g g i G
si nogedetreases andt ithyh thrésthald @bltagel o Bansistons istrddoved to maintain

| evel 2J and nm 1J are turned off. Even though
t hebeTplBERSEAS cBPrRooHaps inlovisred shaiTeakagsopimant (e. standby

cur cambnf) bbbt Vi o e S
cel | | e’;ﬂg‘%ﬁ;gﬁ S S T SIphe €27 %t a high

| eal@¥gband, is aka lnw tevel, anpRy anid AT (j0e tumedaftl Even though

be tant.i . i gnared f.or applicatiagns. ,15

roof B sk Aistors 8t Bl e ahetil A itet Towing through the
t ectedtegyeferret taast 44l leakage 6REOMOW 0.3876% théHrl i
current is then on the orderé of tens of nAw(;ﬁOe- grs%’ogy, this

t heleakageicugentisroretite ardar ob /1 (ABe+1 5 @andgraor ssisufsantially

exanpl e &gr a 16My SRAM when a cell |eakage current

is [Rd Q5 oSt aRpicAtANS current s

(00101 1024" BR&VAL Wit RpRITS mbRL Sal&Eld REnbGRERLfic as 0.13 um

current equates to a arge portion o

powtechoolugynsince this curreheisdryh of. thé torééras tind b 9.4b€1 0e-9), the
appl(rs}ec %t‘ted that this | eakage current is tenperature
dep Vel curfgit capdiolgnger be WoeERE c FPRexamplendpr a 16Mb SRAM,

t eNRRBAUES! |egrg§g&%ﬁemy aepfad? 8 ﬁgh&@ 8 et &S

0.11, um t echnology, the ce akage current
i ncl@d924* 1024 OF Bl §md . TTids édvai of Iddkage@umrent equates to a

25 PSR by 8Pp TBR B oeEC B tomet e pevice. a8 shaeld also be
Sy s&mpreciated tHd 9B I6akAYe PRI { é’rtﬁfg}r? %{? oRASR! freasing in

the density of SRAI ,1-will continde ease, |
and'OSREN$ ingreqring teroperatured Agy roerel adveakad éechnolagyt such as

basgd 195 48BMESIbL AL 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 SRAMi’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 speed is determined by
how fast a bit line node (e.g., CB j) is discharged through the cell pull-down



SRAM architectures wll continue to increase. [0011]
As nentioned earlier, there is a trade-off to be nmade

bstowemwso@oyer 30 consunption and cell read spe ,[%52004/021162
Since the cell read speed is determi ned by how
bit Iine node (e.qg., CB J) is discharged through the

freghrgﬁglt%{odrr‘é?im _{ or ¥R Og*h)gpéﬁﬁé) tﬁgtzgg}qmé gélgégceas transistor

t he(oa8lj Ganr4 S) andlﬂm sélbpull- (iowa&rawsmﬁﬂé}hnﬁd@trwﬁ% ) need to
| -d nee 0

2
" nclebtes § &R aie Fead siepd piBwevRo A hosp ésl access
t hegansisiors aRd @8R pull i ﬁér%étf)?s” chéidde lﬂtgliet %Bg@ge cuments

transistors increase In silze eakage curren
5 fl oﬂPW@gttthug@rtheaeérensnsmfs iatsooinsresiseo In ricis @xamplé,'when these
rrs LLNC

th en. thes tranS|s eas

si Ize %agrgréghe 'grﬁlqu SM395 U Eﬂww%éwf?l@ammfmn{/
andant Zdh Afdnd iR ijNdreasas - Tﬂ'é‘réfcﬁfeoé‘?rad%—éﬁ P?ﬁvé?—frﬂc the cell
bet ween t he cel l eakage current and t

t i nieaKage surenhand hegeel @aﬁnm@mi@a@RAM démgmbomhcated and
0 [0012] In
;gﬁ‘éﬁg‘fiﬂ@d tﬂgc?ﬁé m?"?'%ﬂ‘% s&ar e i npl ement ed
10 [00618ibend| nl};\ ganeralhtvobkzisbes of BRANRAMIS ara. emehfé(ﬁd%FéMdlng on
pl mance gl ication. Wth regar
Fsofshepthe SaeRh Raisaguwlt éowmw@dmmlgrhn@fomarwe
devamﬁ:atlbﬁew’trﬁﬂébaw t& 10w B eéép&cg'ﬁ?ﬁ@r ;'ﬁéWer hand-

while the chipisn ent
noshel M@meanﬁwecsiaed@yrwmn (ias pome:ohsumbﬁo@wma the chip is in

en rel n batte eration
o SRR 8 Sk Tl Bl B =15 o
15 bat pewsr partable Ebpﬁcati@nsmﬂ@ﬂ%ry&ﬁi bateryl cﬂiéraﬁ&f WHéfB?ﬁ‘ sfand-by
applications such as cache nenory, whérein cel

r eatHT LB d28 Mopfetermines &f bekiger lifandéis Hdm@@@trasmélglm
a Okbé?ffdrhﬁadc@@b@ﬂéﬁtdﬂs é&b‘ﬁ &€bdcnd r‘?:@hﬁﬂ? \ﬁHérre'ﬁ%eu b6 read

conventi onal RAM cel | structure Is
t e&nﬂe@as 029"’@@' rlméﬂrtancerekjoweher dieei tgra drexsuc rrmmﬁe of the cell

Wh z shol d. vol t age
of qt8 ?a o?@t r ea gﬂéﬁ%ﬁeﬁggw 89(]1 3&HF§”§%'S§6€@S a technical
20 t hebarpemmr meeh&aﬂﬂsn@ﬂ retjidrehierit NoVIE&H He{/@éls%% nﬁék(eb%@énd the
ﬁ con q deV|ce Ssizes are scal ed down and
thd fﬁl@iﬂﬁw tragd 'é?d?l&‘é?r& GagreasasdosMpatinedsquiredspeed, the
S USRS conka ‘Hgfe't‘é he cbitfodi@hb dufdft WP E8nésn. When device
degfwaded duehﬁg g b
sizes are scaled down and the threshold voltage of transistors increases to
suppress leakage current, the cell read speed is degraded due to reduced
25 current driving capability of the cell access and pull-down transistors.

[0013] Accordingly, a need exists for advanced SRAM circuits and methods
for reducing leakage*€urrents without sacrificing read speed. The present
invention fulfills that need and athers, while overcoming the drawbacks found
in conventional SRAM architectures. |

30 BRIEF SUMMARY OF THE INVENTION
[0014] A static random access memory (SRAM) circuit is described which

provides reduced leakage currents and high reading speed. The novel

4-



25 current driving capability of the cell access and

pul | -down transistors. [0013] Accordingly, a need
ewioszegs/éoss40advanced SRAM circuits and nethods  ehyus2o04/021162
reduci ng | eakagearrents w thout sacrificing read

speed. The present invention fulfills that need and

o onarchitotille Begfistns BAnGMRALM S 261 1Bl Kl steyeture that
THECan\bENTIIZM [n(nmmatm wghailﬁfm@mlmgeetﬁd eeshallﬂyr educﬁggl different
rov
| caibushd| Biads R B8 dRvitendege shpass CF s Mypaion can be
V‘D @0kY %@63@@9@4#@8%&%&@8 mcﬁ{e&%&e gﬂfébge%i of memory and/or

described is configured with a nove sensin
5 st rigdoweethenpawerdiasipation,isucheas nesuktlogﬁramtth\e)leahage currents.

I
03B} O i 5208 i Gl b R85 G
i nv@\meapravaﬂn@§tatlutrahd6mdac&:%§§fnﬁ’érﬁbw @bm;ﬂlsmg (a) a static
conbi nat i onlisto i ncrease the speed of nenory a 5

t o MEMSYY £k shuciere haviag @aﬁluailty gfidatadatches;b) armuﬁahtymf
t hefu'n@ﬁé‘rﬂﬂ%lcfdkérvﬁ i? the %&Pé@ctﬁ?é nﬁ@fﬂﬂﬂi %gﬁ ggie LR storage. By

i nvention can esclibed as & no
10 pr osanfigning Bhidast oaedmmeaﬁuﬂenamm&s sacimpsitise Rgad Wakd circuit

d at é{ﬁ/g{i t@ﬁé/grntg(vggraénrﬁpﬂt u%{l&vgf n‘%ﬁﬁfﬂ@ ,vgﬁ!ggé Ea;{ql,lt@;aggge current
i tfor thd devieethn bbfswfstﬁrﬂlalliﬂ ?édlﬂ!eﬁg |h R ?rﬂbgalﬁ'ne?ﬂ the read

st orage By 10 configuring at |east one
f uri@ridovignal ;inglowete wwdrslg@altaﬂ@ sepathtedr Anoembudltnent is described

Voqung\'ihelélfﬁ |lstr aa\@{rg §r & n%‘d {r]an%lg{qgg a&@\zﬁ\ﬁgg atﬁe 5%3(9 lines

15 su brslncma outtbtx;s dmmmminailmg bit ﬁneﬂbﬁ @u&@éﬁsnﬁé‘ﬁ/of@sadA sense
ar e separ at ed

[ d
entmP iR pro 0 e gl SEnSpE R inaIRt Anee G ina Guight data.
~ [oonepd tr a«rﬁtﬁépémbaaﬁﬁéfrﬁtc#@h@)h\iehﬁoﬁ 88 b deribad ‘%‘&%S:%emory
out ts drive alternating bit Iines on successive
iceshaydng @ statigrandont-apeassi memozﬂy torfiguratian, comprising: (a) a

FEEY A B 2 G S el e
20 desmmnalh’gd)falsom limesdoythéereaddtiavicng pﬁlr@h’@tdfﬁlvord lines for the write.
o e B S el U ey ik dnciidiod reed. uitaand dierage. At
datl@aét@r@*‘tﬁ‘&he @lﬁﬁctﬁ)n%pbiébldé & bl‘e‘r’ergﬁﬂy gPlLébett% e diftSrent
read path; (c) a plurality of nes
wr ivoltage threshold conditions than the other functional blocks. In one
embodiment a reference path circuit provides a virtual node to which read
25 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 cell blocks.
[0017] Another embodiment of the invention can be described as a
semiconductor memory circuit comprising: (a) a plurality of static memory
30 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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path; (d) a plurality of functional blocks including
read, wite and storage. At |east one-of the
fuwmtzlmmedsmbl ocks is preferably configured to haye 52004/021162
different voltage threshold conditions than the ot
functional blocks. In one enbodinent a reference path
cir r e b

Fr agubieBB oreEsT & 19ad i by TGS, 3 ) Pl B lpled

vvh ebetweerhther kitiined fon eletwtlag sleils bdingend fibnh kalceditadhtches in
Suppr ess

 caleHnek P SHfeTanid RS ipoketaSen Gokrit Rirs B bHheRore. the read
embagt Witk f@hctidh@l bIBERSEAR Be oA ngsre‘éﬁﬁffﬁ ld?@ WitaBe thresholds

sem conductor menory circuit rising
pl uthan the memaruiateh transistprs, 3ﬂhllzet iorapthdrurariationahe voltage

confT5adH 4 e (EH4 oh e f P aaianeilin e 2 owibraphold than

cel the weith thandistepsi st or functional bl ock haV| ng an
ut cou l.ed to each storage functional block and an

IOQ) put JhHeygyentionmapslso bectesgsbedn termsof a ewethbd @f accessing

A G N —
d at af aéllrstg/oitagel tiresholddévbl deraing aat @k‘;alhtaS?tlt:E ggrf asistitshehfory cell;
Fur (TARRHES araad Wi Stntitarmetpiate Lﬁﬁ,dcwewhtrawetg@ ofasecond
be V@I[ﬁ%eﬂtﬂ#@éﬁd‘w WhldfpiWSSV%h ‘W@t J(ﬂ'é e@ﬁoﬁ’i tatﬁ?p(c;g&smg the

menor atch transi stor I'le er varia
t heOU{ﬂUE Qﬁthe readexord| teansistorsdn rae%h%ramphﬁﬁrmpled to a bit line to

des 3 wer threshold than the wite
tra S|stors g?%}" e invention may al so be

[00d®3cr i beThé invesition nady ﬂsﬁﬂdd&écﬁbeé% STRiIF a ﬁ'ﬁ‘ithéd 8f accessing

a st risi ng. a mai nt ai ni n

o | FRU SRR fae BPBh Sompptg: [AXMABIAIniBBIdRge witen to transistors

thr ﬁﬁhﬁ#@a'o%\léflatéfpfdpa”&taﬁc H@rﬁorﬁ%‘ﬁ%ﬁ ﬁ"ﬁé ?trbﬁd word signals
nenory ying a read wot
act ?Q/%ﬁtté/af%éﬁiad/\)uﬂiﬂpﬂ'&"wﬁb& and (of sensmg:m&joutput oaihe read word

t hrﬁ%ﬁ?%@é% %gebﬁe Eﬁﬁnﬁﬁéﬁa Dipbe tgt\c\\/egé\ggl oegse]noelrgte a data
t r abis Datputs Furtherraenes mrwﬁbhalfbleékmwmhetﬁe tsﬂat% raendrl @8n be
e e AN
of &%E RF%e BRcks e\hﬁéreﬂf fa@te?tes?’ee&s TRE%ower l‘égﬂ%é ELRghts can be

(a) rralntalnlng a witt to transistor
exhibited by the cwcu:t

[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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formng a data latch for a static nenory cell; (b)
applying a read word signals to activate read word

t manmoshessss and (c) sensing the output of the r%ﬁ\?\%s
word transistors in a sense anmplifier coupled BernBZR 021162

bit lines to generate a data 20 bit output.

Fur ' L.t Di he static

o SRR Spg WO S 0ol e At P4 voage.
[0024] eshol Aisothenabpect df tige ineatidh ckn SWAM keIl 'stagturéMwhich one

wite bl etbil n faster speeds and | ower | eakage

. Wh f
cu rtPEHF‘é?ggg?%’ePa FnsistE a59 coneeeieddagether pathaineaterminal of
NUNERIM AN PRRRAIGH &th Hahisfkesrs dned 4 Pl’lﬁH]E[‘@%@% glﬁfqbéis connected to a

i nvention, including 25 but not
f ol SWgetfangistie 1¢ spppeesgdeakage cureerntof eoll blotkss an

M cel ich has a. plurglity of
100280\t  ortsi O PhERECT obhe xeiirin PR shyBlusemiien has
r eagbpavditetignétitthal blotka ¢d iNSS&dBrE AR iiHQHdr?ggg zpd write

bl ock can have different threshold voltages.
AndRais. aspect of the invention is an SRAM cell in

oopéj ch t : wer %Sgﬁld vol t age
[ 0t an thgtﬁ.l Jgﬁé‘rg? racggfﬁ"%d'“\?gri]tfoer{ %aﬁrh.s 5 Ct}ﬂlﬁ%i"’i‘?ﬁ‘ has
aseparaté fumetidnay blucks antth@safRAVbeEire id? rédd 8Rd Wifle paths.
has the, |l st design threshold, the wite

d h
[00%'§fh Eggﬁr}gtlﬁgﬁqﬂﬁc& ng/\%nmy@tim isgrgferepgaaead path scheme with a
PCPHNIS208ureed Hrhdistdr eshol d and the storage path has

t he hi ghest design thres'hol d voltage. [0024] Anot her
[0028]oect ~ oty aspeshof the ingentiorSRAMefeldncetread batresdhieme with

whi ' .Qf read path transistors are
aqmﬁ'@%?é@@?ﬁ@l%q?h one termnal of alternating

connect

[0029§ad paitinotiemspsicobfthyIAvamtion iKithé apdhidetie WY thB discement of
connected to a 8§?ource transistor to su I ess

| e XSGRt (RBPS) Bnd srase pomiifipr $én distrteded,

of idfhﬁea,rb’ﬁﬁt)ée@rbdrﬁigg{hgi'é WM structure which has

separate functi onal cks and i ndependent word |ines

[003Q);  eadngtheria@spest obtherinvertionds thé\antHitecturs fercthe atilization of

hei ' [ S t t 1
L 08 ey e At Sl R e s s
reg8Aand wite paths. [0027] Another aspect of the

javention is a reference read path scheme with a PMOS
looé‘ﬁur ce tY8theraspect 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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[0028] Another aspect of the invention is a reference
read path scheme with an NMOS source transistor. 15

. MR 2050t her aspect of the invention is the PéIT/USZOO4/021162
architecture for the placenent of reference rea

pat hs (RRPs) and sense an‘p!ifi ers §SAS) it_n 20

' ' . ; onfiqguratio
0838 her EL5e2 1 SiMifie darETBEHT Crnbbihert T sealf éof of Fic. 1.
[0038] t he HI(B|3Zsﬁéls@ﬁemfatlc@'fbh@RAMadeﬂfldstﬁfctlﬂ'%déd‘c%Fcﬁﬁ%to an aspect

f nce read paths (RRPs) and sense a fiers
E g@;‘ ﬁ‘e[ Prgsent 'Rﬁ%@m (SQQW@c\Mtfbﬁew@g chigwity iamd Girgulis for

bi Ei5 us forms of SRAM nenory
gucbbgﬁgom F?TPI B%ﬁkﬁﬁrehgnbedded forms of SRAM and

[0@3Y]f or t hFHBcMeMﬁgalteotlmh@ dlagwmsnﬁﬁ tiod SIRAM [wefl $8Bivn in FIG. 3.
ects_qf the invention

O i Bk A oLy Shors s oot
t he ag@sdinfy 't@%m@ébh]g%?ﬁf Bf fhglt é}gfgﬁﬂlﬁbé%rﬁ %ﬁ?\rg JR;‘ {h8'bthGement of

for the purpose o osing prefe
errbfféfﬁfﬁmﬁﬁﬂﬁfreﬁﬁ@aths'entl on without placing

tat I\/\E@E{%FF% Fgla%%gd E dﬁé‘g%g%ﬁq lﬁbeéru&}){;rg accc?riimg to

f ul by aspdetr@fttheqbr@serrtmﬁﬁrmaﬁesmmhb%eaemb%kﬂw&qd circuits for
are for illustrative purposes onl

[Ooggﬁ]tgcpﬂlr@g C‘i" leakage eHERBL i ¢ of a conventi onal 6T SRAM

SCT] Uspooa S ShER pESCIFTo SE MR VERRISHE
[0048] t he Referdng nmralsp@ﬁf@%ﬁocthb:drafv;r@sthor]lltlustiéﬁoa plirposes the
henat ce structure

- Bt et AcsbBetiegrin thesappareiis SeRRTGh Papwn in FIG. 3
S hOtMﬂoN!?H FI@GG‘SIHWJII ﬁb%ﬁﬂrééﬁteﬁﬁﬁaﬂh@%&&% fu%rn(]fy yary as to

contr cell |eak age current

4D ‘é‘?@&qrﬁq%a%ﬁ ag ta getailsrof the P%I\ﬁmfbthat:ﬂhﬁ)mth\wd Rlag.vary as

v B8PSt S\ PUBREATR WD conceps

pr e@%dtscmeédrter@n showi ng the placenent of reference

[OOQLEIT' r eadTIQ@Eew 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 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 thresiBld 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
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[0039] FIG 6 is a schematic of a dual-port SRAM cel |
structure according to 10. an aspect of the present

| WRZUDS/008340Showi Nng sensing circuitry and circui tpgyp 4021162
controlling cell |eakage current. DETAI LED DESCRI PTI

OF THE | NVENTI ON [0040] Referring nore specifically to

t heaHRYWE 85 ten| Brckhi. Ust rative purposes the present
i nvention i.s enbodied in the apparatus generally shown

[0042] FI G FIG18 iliustrateshafie®ample embadirhetie] GippaeemaSBAM cell

Yyl RSB P BEKoh A LR L Bl B mon. e
vamevasgell stpudtie crebé Utifzed WRBINHY $2d uﬁﬁfé@norg B G.e. 128WL
departlgl%@from the basic concepts”™ as discl oséd

heref9PBL o041 nem strietureraMPESES starage celis 12{datadbtched), a

sensi ' i 0  Ng._a . .
ot encé R il ERBNLE drisinefior UHiR Thd Bofyaptionsl si
SRANMmsiston $RAMIcelsstriatare shovay BNEIG. 1, thé@he SRIAMEESILERown in
in -ghi ch s&eci fi.c functional blocks can be designed,

wi tTHCdBrq0mmRIFRes QighiFRASIPIoRsdIMRgy dapk. gne@n ). Picikangpistors
For(nfreampand hfat s rﬁﬁ@) sldisedlo %tBFe fhe Ilcd%;tﬁ Wrld 3 write path to
being configured with a | ower voltage threshold than

t hehenge s celt datsi white tvo tt8ngistoss gmnemindxaenised fohthe cell read

W ircukt is configured w a.lower voltage
¢ BRI e SwEB PN i GndsiuEs Imitg, 18 Bre connected
t r 30gethbpivith MhatidTidjasttht ebll feld traAdiStof Bhi @ré BAkM tda 8ense
lower thresid than the wite circuit transistors. It
wi 1amplfier.a fhe seveaecapdenaf all tiansigtore i thei erdire memory block or part
f abyi i ' ' threshold .
o EE2hfS ERony BicEREen LA rdsiher R e pirent
vardesignotasget80 are not what is being addressed herein.

I nvent differences in

h jon, th
10043} ool Ty FAsRmaPL S o EdssbelcEsitoge lawap gve hown with

t hetorafa el I8Hvilkea Mbrihabss i
in tcl)ﬁr gshol dis g?'ﬁf 2}@ g\bl fﬁ)@ig&%ga%%%%g?lgbfé:%zggg%n
i

PCPPEstNgytage owhile Hg celf faad transistar pectiomn20 i aovighred with a

Fl G i t n exanpl e enbodi nent 10 of a new
SRAI\)IN%eYC}I{abgttp@gﬁélrdg and rel ated sensing schene -

[004d]cor di gy atwectiargp statentvhien Wi gwritsTiverd lirsy a1l RWLi (read

structure can he utilized within any size of nenory .
bl J¥9rd fine).are atdogic low, mnc, mnd and mne are turned off. When C7is ata

high level and C1B is low, mpb and mna are turned off and mpa and mnb are

lturned on. Thereby, the data C7 and C7B are maintained. Since RWLi is 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 V4 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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5 x 256BL). The new structure conprises storage cells
12 (data latches), a reference read path 14 and a
swsRos0q@bdof i er 16. Unlike the conventional siXperus2004/021162
transi stor SRAM cell structure shown in FIG 1, the
new SRAM cell shown in FIG 3 conprises ei ghtt

' X transisto
E r aEél! §fr|gét§ré 8Pde g8 ?ergmntloﬂé@cgihg{%q fpﬁg a@gS mnf) and write

and ma ) are

dat aaﬂusot’nmomnd mnﬁ;hhl‘e prefdRdbihesgratdend ld st@?éq"é Wubﬁ of the

transistors mnf) are used for the cel
ope?'é'ﬁ"f'{;é"paf HBP%dUPQ é”gfm@tﬁear@éwlat%’afdomrtbﬂ sead oath a fast read

ST oA o BAEEIty bl ] oagece curon

[0056 se akrdhefooewenﬂ'cb'rml sellstractucelethefcel ttanklsthysi cinPbs be readlly

oS e IS s AR B hb Bkcisges dieead iradenft betwaen
di fleakagé CUﬂF@nﬂﬁd e dellre8l sp EQO‘WLeh ‘Phé Bé fransistors have a
Pd

enbodi ment the | ogic threshold voltage |
sholghihreasholst valtage te suppressiibeicel l-kagermlrremt thegiéll read

L4988, Lol 8 B8 B SR oA Bab S ramitr,

conéspreialy the tcbll accésy@id pal-Hog trdHsptbeR) OHo@QvérO%f% new cell
I n e} rech t&g state, when WALi (wite word |in

WPt tig presam dveatian dhe) theasholdbveltagecof tmnSlsiQ[‘o‘ can be

d
At S oy Bl el e
ar dﬂpbumecamitmnﬁhan@the Ce'h“ma’ﬁ'“"'@f@’g’nﬂ“‘fﬁgﬂé are
0
s MSRABY sann R 5 ighdhreRhei Riagsreipme o upATeaRthe
25 |68kdle carvent silst BBt @aﬂs@r& riot P&afe?i \Pﬁlf%@é??%g@t%qeratlon

ich is simlar to that of
t hjnﬁ e@fﬂeF@n%%re@sttm@rst@rﬁe(nmm@m gwa:@na castfiguteditoehave lower

an%ré’éh@lbe%l 'to‘?rﬁél'og% B%éeba the use of

Operations. In the

arat e or r
looébﬁv entilo rthe newm&kltatmmturetm the bresent ventio ®eacH sctidRbf the

r eag% gﬁ?é%bf nee éghqk')i V{’%B%cff&g%eggéé&gn
38"38‘5’2?‘*882%483%”5‘%?8%%8%@?‘% ﬁ% SREERPPolidqby st Bt ftorabe part
t hdStarage hingtinnalhlees) angi the avrita eatie duriterfuactiorl ividck) can be

an‘éoﬁﬁbﬁ%d 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
’Téakage current of the transistor is reduced éxponentially in response to
increasing the threshold voltage 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
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paths (mc and mmd) are preferably separate and the

storage portion of the circuit (npa, npb, ma and

W) 2msmoassn| ated fromthe read path, a fast regdrus2004/021162
speed is achieved along with a significantly

suppressed cell |eakage current. 5 [0046] In the

con i ) t C [ st .
canagrerpRe RinchBnel RO siirbge, WiteCdid oA HRbg.. Pk to the design
t hr obthel present 3BAM dach obtheserfadetional bloekeean bel el with
curﬁgnt. %\?dht he Ccﬁllfl r ﬁ\d ;ﬁ){ggd When t he cel | )
{r aensrs haug diftergnt fireshiald Noltage erending o8 dhp desian
t herqplirenmetdkage current, the cell read speed is

raded due to the reduced current driving capability

de
[O(UIB?t r ansfBethes importartrspiest bf thenavertidn isccsarsirnscheme related

pul | - ' [ er, i,n.the new cel :
St r T RAE obf BRI Rl AR, the o€ Gpbpeheme, the read
vol pathds ebnheetadits opesof¢hé bRines O Fok @khR MBI the top cell, the read
ada&;hs\/iely. For exanpl e, the storage bl ock transistors

(npar B9k argeoniRFtem i themit linrbae(BLAIaed for the next cell below,
tr o ghg rt%&%&”ﬂ&rs d&gkct%ﬁetfa%g Tof"1A :Jréé@g rﬁ{q‘;@é‘@ﬁ& th8 sensing

hi gh thres vol tage ements 1o su
| easchpmne to detect tensignaltdiierepeetan theaditiire paitsiisefsoNnifortant.

theﬁéeblt read o&e!ﬁaﬁt&_’l on. Instead, the cell read ]
t r ahd? BItAPE SERRIGahems samnFealizs fivedmpedantdesior reaiiaments,
t hr asdiRbssiNg \dapaRe dutrer BBl E’ié teéoeﬁgné%@a?é g%%&lsang the

In the new cell structure o resent 1nventi
eactPagschy whichr sighal difenepaes onahe it linerdre gensed wittshould be

di f t t .t desi 0.

redited that (6 SRty n-T8E TS roRGabiHielipfid in the submemory
vol blagesr obnridited totiroentrablock. SSEASIEMDHAET 1Rl be placed in
bl ock%3 a&] d f-h%’ﬁ“ te path (wite functional block) can

be "°EBRF r}&} & fit peﬁ?rﬁ@(eq WitbJnwitinle Ritkinas. t han that of

[004BE cel IA bﬁﬁdﬁ{)ﬁbgiieﬁﬁ\%ﬂgf th%%&éﬁﬂﬁgeﬂ}d?ﬁpto sﬁééprggf jeakage

est abl i shi ng fferent threshold level's t
| e REBTRNt dthecstorags pordiontand therwritd-path by using srhalter tefnsistors

o AR 9BV B SSPATRL SR o
whi structuries. deséparataresiggrath ¢aalsbeprofaraBlvasiizdd whlththas a lower
hat the | eaka%e current of the

be appregj at ed n !
tr a\ﬁﬁtggggbrqsgo Hapatilized Bhibestarage cal. rengse isanatber current
| NIRRT e hER dell! wAlkAiS réiQ!efgf\?ﬁm gﬁee td ftgé@ﬁbr%t. When the bit

Therefore, the circuit can
t hridetsic arelpraghargeddo V aas firothe tenventioaglecqiiastiucurd shown in

LG o on B at b of BEiTRRe afeTiietpisis ot ainas hgiread word fine
deRIELI) BiewShfeleds b'soﬂbékﬁéé‘élﬁﬁemwﬁﬁﬁ %rb[]gﬁ'tl%se?’transistors_

havi ng three _ _
For'example, C1 is set Vyy, mnfis turned on but mne is turned off since RWLj

is low. However, a leakage current through transistor mne flows even thoudff
this transistor is tumed off.

[0050] 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 to the invention, the read transistors are

-11-
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functional bl ocks, storage, wite and read paths. Due

t o BRsARsdp9n of the present SRAM each of thes

functional blocks can be designed with transi Sﬁ’gﬁ"§152004/021162
having different threshold vol tages dependi ng on the

d 0048 th

aap oy A BUET tyshald ediage eread%"#ﬁerreaéﬁeeed the

Wi t keakhge c&ﬂréntsﬂdwiﬁg l!hl%u%h IQI‘\«";“ré‘é’dJI pé@ﬁ‘é%uémlaﬁ' than th that flowing
|nv ntive cell schene e read path is conn

onetipughyethsr partsn déierefere, élstgan@enamg seharog redateld W|th the new

bar BT Ers SR €4 AR eSO [aknh fubrefit Bobingdhfougn the

S t r aresidqyatih.s are connected to the bit line (BLi).
ref or t he s [ng 10 schene to detect the signal
100375 o1 oride ik ﬁ?’ualv@rgwmge%rnesleagaaqe surTeRsite anigure the bit
Theliddstad AMingaAH ﬁ@zcﬁﬁ afe?WHi sﬁxﬁsﬁﬂ"gllhm‘%bﬁé power

desi gn requirénents, ppressing age curren
t hr SRy solrce depin thexhit |I|eeo Thatisgl thenblt tns prectange trapsietbrs

sen@@ﬁl{ Bhdn2 L4 GRIEToR ulng e birsaros FGtmanathen are
10 | s gwtivhtdasrior toltiee e@b@abé’fa'ﬂanw%eiﬁiﬁm@éd/hﬂ& ol \9 d‘%s% the

connected to-the entire bl ock. "Sense anplifier
be §nyeational scP@@'}S’ec’f\"hQilmlskﬁtfuth@eCaﬂ Slimliewleakage current,

mul 4 bRJb?erﬂ'énsbbW sé 99@994 “oi i |Eb tgotErg quame write

t he present |nven lon I 0 supp
in QmaMmr%mmere mncapdwehsuwlyttﬁewdlthgé)of bitiliRgs are virtually

t t her 1 hreshol
£ narofiby B8RS iifieton te thagb MTEraRAAER F16 BOte VIt a BYWL) s
15 A SR, @rdn%%@or@%ﬁc bﬁdf’i‘hﬁ:@a‘?& heeatiyan Izeéal R t%\’% &B7 are

has a | ower Vol tage threshol an ut|

st dfoRgeciedtp. bltﬂrlr@SeBLlsarahBLBle respﬁctiwlv Simgenthienbit liree

t
e dar el P A s S vy
: Edlmmlaeg&n, wheﬂ thelWrgsitrraueistUrts aBd @\M’tch?t% oh! fede ?ﬁwom are
0] 0 e rea ansi stors 1s o Slnce
% q SH%tt% qReres )SL%HQ sifectiuntl ode Gif isgesteradigy
20 Curtfa?féistéﬂ Iﬁ)ﬂbn%ﬁ&f HHEQ dﬂ??ﬁ‘%ﬂ éﬁ@%bgh f%ls 15 the gegree of

exan”p e, Cl is set tur ne
t urdisghagging is dyﬁf@rMSO iig the)xdeal-mmevendhb@kﬂwe C17and C1B

curng g!&épé@re u&[}} io @‘Eargﬁs EnHE %ffect nodgv(f;‘}1 |stcp s&arégcli Tc’ess and

tran
due to signal difference on node C7 and node C17B, the voltage of C7 and

C1B can be eventually restored to Vyq and Vis.

25  [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 inforfffation 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

30 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.

-12-
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[0050] In one enbodinent of the present invention,
SRAM cel | read speed is 30 aided by increasing the

WwWae times the
SWiR2005/0 read transistors to about four 02116
conven§/l %E@I si zing. According to the inventi On%cirﬂgzoou 1162

r ead tranS| stors are -11 WO 2005/ g063|40 th Hol d
USZ ured with a | owe resho )

[Ooggﬂ age rlg%%%iglt&%@ @p ldqrﬂggaq g@@smg operations

curwbeh trﬁé bitding i floatingh Fé‘rﬁinétéﬁée PAtdidéstoBifRinh Q?r'ilﬁmatch in

t flown through other parts. Therefore
\?’%éﬁ%@ﬁ@ of mﬁ»& lipg pair e'él isnesessaey ﬁ@ewﬁrfdm?m ®airh precharge

str c ent Wi n

¢ hr G &7 s ATy Ao B s Hal SR 1 EfEifta operation

supepessentha speal peaaltyas ddelays the SAAI BHsihg bn%cesé The new

floating in a precharge state, which resul
:kn‘% h st r?é”?%@ SRGRE VeRien dpes gt requifedinetuse cafttns extra

[ bit Iine precharge transistors
rrgfcfmgﬁdd gé%tg&f) are turned off during the

[Ooéﬁ char gehese edmmttsih\ewrandhemgam (RiGt 8yl pp:lsvollt?jiés & molBIssensing
o Vdd as in

* nestnBRL BhieR Diokend Ehauitna Hieg hipwer phration asmiioeed hove and
suppitiel sah salpaRsthe Iedkage uri® ALRTAEHY ’t’HeI rtéad tran3|stors
cal | bit-line hurting" to the cell, Qurin

[0058} { & e‘&@f%ﬁnS@rﬁmW@w scheme which@liptnaies soe pre;charge operation
CrSae o LRSS Bt APt 4 By nove
J( Vaincyiit iincotorating Wit is redersed tohergimas MEéF?tcco’:}rr@?? path. The

connect e

| 1 TBE R 0 B fheliBfcrelte Bk bRRdR JO PEMIR® Sraverast pafh heving
c ammehaaﬁﬁng %aﬁabiﬁtyaéudaqﬂtd Mbbﬁ‘tr G IR th thif Gf‘tﬁec\géll ;%{aﬁct%lrlsustors

ansi| st ors, ar ound
[00%1 te trRfRkricating the sw td@N@@ embomrmmt Ghowandn (EII(B 3rbhe width

ct_un
o %?E% ?ggtg g?é%j fa'gn%‘b?r ansi 3%1%56%‘88 é?ﬁ&%a ﬁtﬁ%" @ad sgction 20
h| @Hrr@uddmbbg tigs Botted lines. Wheréml&/\@etr@ﬁmst@@ﬁéﬂhg Wi&h of W

% case, .even though node

g‘%& 8'ang 8?9&?«5 033\3 ktes teaisigjerssis sonpgceted to a bit line

ef fapdtthe %@dﬁ:e@f th® ShSKPirgesistoRSR ecft o LvidudlGound
SN

difference on node Cl1 and node age o0
an@gngl whichris saaimested to ﬂEsﬁQur@ﬂjof twovetiched trdasis®s in other
[ 08%AMm ryever, in the case of m snatches in
transi stor 'size and threshol d
[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 mnf is connected to a virtual signal V,
shown represented as a dotted line interconnecting the two cell read sections
with transistor #8e(A). The other terminal of the two transistors, mne and
minf, 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

13-
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vol tages, a different situation can occur. For
exanpl e, node Cl can be discharged nore or |ess, the
st pdsdesa | nfor’ ation can be changed, becaus n&?ﬁ% 04/021162

‘threshol d voltage of transistor npb is |lower tha

of transistor npa due to fabrication process

iati L St 1 t d n e 30 CB .

¢l 18eeh BT R BT She IR Sl e i

r espmm’aeotedi yo BLhiandithe s@uﬁﬂﬁ@f Pandistor ILaE cBﬁHe&%G Y6 V,, which
structure of the present invention

- 12' th C'gldiiﬁéfqﬁdmmt@omml lwotr{eom}erﬁhaale of transistors
e ens

oper SaRR me i Bphiecid baghok °Ffib GalkoPRsir msa i

i nseennasted to mfdrence sead wurd ahe (RRWE@PéNH‘tHerbatb*& transistor

h I.S necessary t
per'%%?ﬁ? g%mté% ?‘g o) ?é@ﬁ‘gﬁ%a' (fb’\gf)atﬁ%'ﬁﬁ‘ﬂ@r QeSO mscrmd Igsd are
Thi i on
o i e 5 B 05 s
ser@IHCiRd kit liner BéBn end the bbuserafdtansistaf msHes connected to the

pr e\ﬁﬁﬂél pd}ﬂﬁﬁ Esgﬁﬂ&% E?ﬁt;\)ur?egég{i?n;igtgr Efﬁ%@?{q@ré'tfram of
shdmnsnstot msofargwmnéale@toééth@rovrh@ t& oP PYRLIsR HFdNE

h whi ch doesn't require the prec arge operation
fngnc? n*ﬁ\%&&ﬁda%wtaﬂ@refqr@nm iread wend fiog sigest (RRWLE ainddhe gate

E:I'ﬁ ;dfgglnssgétg 9 i B{)ﬁ’rgégﬁe& tP(? ge%dt qus Al r@t@ I?IRWLa arLd RRWLb

pr eﬁ]‘ﬁafmletbselecm\miy wﬁh @dﬁw mﬁﬁﬁﬁatlbﬁa&a&?allt?g% :inﬁ'@n »the read
c

ed . utilizing a new novel
3’04?@&1 gﬁ) Hﬁeqxﬁfa? Ig %"?QJPQ {redRYA  iselerted vhen RRWLa is
refﬁ@m@@) read path. The min idea of the reference
read path is to provide a current path having 15

[0098} [ ent Iisheuld pergied thattRRWGuUnand RRaWbalarél ahéblbhaielélﬁlvely

PS8 LA R e LRl b oSt B 5 otrr e
ead$1 eoabledr(eadRWidisselboted wheNRRAYLS @&‘éle?%d? h?gérs%ﬁrce of the
cell read section 20 surrounded

I i ﬁé)é"c apYBler Mmgs is conapctedite thgﬁph@e\mfdtamsm’mM/mab and msd,
t ¥ t

onmTe L ggtelis BofifdkiB 8 yiofeett AHA RS AR LE Fhp or'source

st dapsisten masiis connedtad tma rpemewou:ceavs\y INot@ khattRe 88urce

t he source of two
s t a s gwrrgigg 'rsi? ?J\EB§ %)F %éw%@pp lg, however an NMOS
transistor may be alternatlvely utilized. The order of stacked transistors, msa,

msb, msc and msd, can be changed according to design implementation
without departing from the invention.

[0059] The width of stacked transnstors 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 js required to

have smaller current driving capability of stacked transistors in the normal cell.
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[0057] In the top cell of FIG 3, me and nmmf are two
stacked transistors having wwdth of 'W, wherein one

t soRed§bos8fo t ransi stor nmme is connected to 25 %mszom/ozlmz
.and one term nal of transistor nmf is connected t

virtual signal Vg, shown represented as a dotted I|ne

t i it h .
G o BB P el RS B0 B tbfined accoraing
t r aihei ddisined, oparatian(l.e. l’faff thatrcﬁf read pati fdngistois)pach

ne i s connected to a

loogbﬂr ce t r'%s‘#’%{rl%&l’g'?lkg Wl"ﬁ’ﬁtrﬁée fiminaaseacts af theaew sensing
OPeSHeh¥)S FHEREA JuBCy St KbrishRHA frgw?éh KWL 8 enBbled. FIG. 4A

reference read path t transi'sto
rrscdm@tsﬁ’eel)caaeevtm*a@kmjhugﬁrmd e Biisdw, Mhl@EIG pB depitts C7

SIS 2005/ 006340 PCTI US2004/ 021162
lqu de%#%gﬁf"lghg e. For exanple, the drain of

[oosn PnSI stipra ﬁﬁa@:h'aﬁge ey asit 1fb b@irﬂafe sétrta éMageUf@%am& V.

transi st or i s connected t ,
dr aMhepfa W@[ﬁ h@e {irea Ve i) ds enabledﬁhe dnatehef Cthis high and C1B is low

t ogiBarA) Shetdid B SRirma PR3 AR O 7868 EHATErEpat
r efestammedethrbugbmbrismer oriREVared nmﬁﬁohhsl_sat vh@fstacked

[ ted t d I
Ty AFRISHBFORNBCISHS HLiarRiasiefted it A eelpRaL e the foad

S' rﬂ'ér?aﬁétﬁré Sorrdetisd & g[?i"slﬁ otﬁ%ﬁgﬂf %gﬁ%l RRMS ‘éteg'{abled to

I's connected to i ne e sourc
t r dum et dransistbri resa.ofoaetd dhe cell data, réad sgnabRSiiscenabled.

N A S R T
Of et St 86 tH‘éS@aﬂyﬁ]g Q%ﬁ@@éﬁ Bo; érﬂd BBl hRbtd l‘f’l et Width of
read word line sig é_@({ and the gate
t r FRNSISIOF mpgis V¢ \@blhm @fjtrﬁBSlﬁt@é sehis W/QnaThQerera the
R [
nf deoteing e oSSR a3 RhBAI 115, ¥ HaRTHERS 48 due to
ot htsrlargeretranslsmamzagdndll%rggg Emllr?nﬂ @r*:mmg eapaﬁlht;;m g{binﬁet the signal
15 sho e note a
R eTar RS 5 16k 5 PURIObef uiar theycolis SRIetag oo
[0062f Or MRtWPRN3RE d@t@oﬁm%ﬁﬂv%eé‘réélﬁt 6f@tr¥§h drhrmﬁb&#@ turned

other line 1is enabled (i IS se
RRWT theresis ingceusegnt paﬂetm@uglm etasked ikansistensdom the bit iine bar.

tr aﬂ'?‘éréfo% Bfgbﬂezrﬁ%ﬂ%@@ﬁt &% 58y thS bRIECBL Pls discharged through

transistors ns
the reference current path, msa and msb. Hence a signal difference on the bit

lines is developed.

[0063] 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.

[0064] When the other cell having the ceil 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 RWLj is
enabled and the data of C2 is low and C2B is high, transistor mnf’is turned on
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20 while its gate is connected to the read signal RSi
and the drain of source transistor nse is connected to

aw@meso063ur ce Vss. Note that the source tran§,|C§];[%l’2004/021162

-me is a PMOS transistor in this exanple, however

NMOS transistor may be alternatively utillzed The

r o g4 i A AT B B s con
wi thaxing stepked tragsfst@'mls beanéDt@dltcb e:m thlé)l@fﬁge:dr\f}vl%n‘éﬂg@é@

r cel | i
heSTEERY torBL5| e clagtdn. (habi, Wi WL i enabled, RRLW is

Waéf%b‘létﬁ&n&‘ﬁah@fﬁor@h??f IRtk Mhdn He reﬁatdaeﬁérgﬁ RSi, is

transistors in the reference read path'is
st &nebled, rregigrentqath rtlnrough dransisiars st bnd A bmyBLBNE formed

S O Gl AR i
nordmbbmg) of dteked trafsicRMs i ﬁl@ r‘e?erehgé{ ?)aﬁmihe afscharg[;nQ slope of
r

current iving capability of stacked frarsisto
t heBlrisraloweas than thar@fm/ aodm@easasng@/mmeaéé @ﬁltiﬁlihes

O0BSE % 2 08a R BB o 108 B 588 D ano

( | therehialinb duresnt glath @adugiainthe’ BRBThAF.OORly thﬂaqgﬁme t'férGBLBl is
hr ough FIG 4D illustrate ti| mug‘ aspects of

%95&% sfythreugl msc andansga A sigpa ﬁratqnoeeasiengloped on the bit
t| MinBGpaigen RWLI is enabled. FIG 4A 5 depicts the
case when O is high and CISis low, while FIG 4B

[OOG%]m ct s Shice thei viguabgvoand s(@n%l bgiismgommetited fdHeldourbe Eransistor,

Py e AnEtlcanaRt curert b cey e ok Maguimior e loakage current
eniﬂbwﬂfb thréugaingd offlrehd t@n@%t@@%f?a%h' |Riis ﬁrﬁﬁga by the

4A) wherein transistor nmmf 1s turne here
cur§Rge e of tha seurceremsistoronge. t r ansi st or rme and

[00%73:‘ ;:gms‘ghectaegcfﬂg E%He celtrfé%ﬁg\?é ﬁé’g&ﬁ?& ggg&oer ihSs

t r @&ctivatingrtcansistoesccaupled t@tHa bit limeofdrelevaior §iglﬂéﬂlfferences

tenanp BrERS BF aaotng mae st oe Rall Sae. Tieaensd emplfier

RRétRemBtaRSuppress aRhgd cul%ht $ibAfRariy thath% le, the use

dlfferent 15 rates seen as the vgryl ng ‘sl opes o
an@ BIEYIOS\eawCce fransister meeréduses Ieabaga smmentmyfmamng all

V\{ramlb{o‘?sm‘fﬂe Rfereh 38%55 %athnFe%erse-blased Hmeer gétﬁ/%emode
when RSi signal is enabled, the voltage of V, is discharged to Vip, where Vi, is
the threshold voltage of the source PMOS transistor. When RSij 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 transistar mse goes to

“high. Since the voltage 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
the PMOS source transistor mse is Vq and the source voltage is Vip . Vs Of

transistor mse is Vay -Vip, Which also means that the source transistor mse is
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di scharging sl ope of BLBl is faster as shown in FIG

4A than in FIG 4B due to its larger transistor size

awd 10a8/gRBs0cUr rent driving capability. Hence, E‘é\,\ﬂ@ﬁ“"“/omﬁz
signal difference on the bit lines is devel ope

the cell is selected. 20 [0062] Wien the data of O is

t f b ur ne of f
 neeyBRebiBsRy bufte e Sad 8 yh s VadkedoBaRG i parce of
f r drartshetobirisaldndehBarain oTh@n@fs%remsg'aﬁH tgs %Itﬁge Ef ﬂ'l?-zhsource of
and onlf% the bit Iine, BLi, is discharged thro

r eEANSIRT ISF ABAthe drain afdransistormesd areeahse masm\@nmltages

d| f IREE BFq QR &}‘gfp}gg? Ik é’ﬁb ﬁg% In?ﬁ deV d 25 o??ra]nSIstors

enams@and i is 4hegttiveaiofta b owhieh enémm@? thésel 1 t?é]gslstors
C2B is -high, while FIG 4D depicts C2 being high an

C2 BB ERYRISe-hiasedo devan wihem one ©f dheneefecasice wer lingst bech as
Ce'RRWL%doﬁRRﬂZLb“IQH hel g?g%cléﬁcilgﬁgﬁforgﬁwb'résé and mse

i s enabl ed st ac
s elage rexeree-bigedd eThErefmra, thedeakagdi dUresrt Movid tHro@gWtrhnsistors

N T e

[oosa]r ned @ne isdbe Y@a?éb%(tt@@féﬂﬂe@en%%é lr@é’&’gé{rpél}&@ezls tﬁQg.se of

ther is a current path through transistors me
f%faﬂt:*éu% of MO$ transistorg. Snecembiotinaerti cenobes ciemted with

co Kk t ransj st or ected to

BL'%':%%%E&SE Gring W FRIERES cRRR bSO PRL T Geistors, e

RRMsosrceemimSwrd Rmamraisagtof@ CHbwel &N, BRShtRG-a PMOS
is 5 enabled, a current

pa‘frﬁ"?ﬁf‘%fd gRUIF ‘i’%%%l 5}—5 stristuza wm@aresudimlmaauarea penalty. To

fo I i

| S8 isQBHBRI 156 BAROS ot BARLIIP B o e WFan oS

t r HResistasy dn this pﬁée,raif@amns;terqoutthe refeeermbsrﬂmr ;ﬁth@ave the

sl t e

a SReperEiarka p2hdi b W e Emln s NRERL mEP RS

of transistorkicgh wm:mm&eds thease m‘\fhé NMCD'S %@Gr&f lfraﬁéi&om/vhen

r S n curr ath through me' and mf. Only

g'eog?tel ‘H%@gﬁéﬁ "‘BL urn pd they ﬁ%wsrtg%w&tﬁnwme thesoaree of the

WBNM‘BSSS(EI'P@ tr3h§|§t%'r@9§s, _ rﬂ@ INNIES t?é'né&%r @\ébqust 'Z8f0 volts

pairs 0066] Since t ground” Si gha

coﬁw&ﬁ&df 2 pegalivesvaltage. tThaaneﬁose ,dhe leakage current flowing through
the reference read path 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.

[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 tH& normal cell and a refere’riée 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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, the anount of | eakage current of the cell is not the
sum of the | eakage current 15 flow ng through turned

ofvio 1e§ehekdeansi stors of each cell but is |i mteq’ckf)hszowozlmz

the | eakage current of the source transistor nse.

[0067] It will be appreciated that the above describes

| i ' , i st led to. t -
o 4 38 B A R SR St e
bi tpditsneA skase dmfpﬁﬂéi‘ BHISE E@éiﬂoﬁé@ b§@Seiebt biglifé<Sor can be
This sense aqgll i,er 20 schene can Suppress | eakage

curséned Sy grultipledit ine pairs.t hishouldhmappreciated that the navel

i . b
oAb iAot A B B UM S i 1986885 AR
r evatnstures adthout Hepatiegdrin tee taxthings offtke pRSiert ird/eation.

' bl h | t f.Vg is disch d to Vtp,
1007 F L1 o VifCH-SA ety R UUSispedivar of Searapie erbpemsnts

tr aaAreg ffferdflienr ibg?g? fdr%éfb‘f‘é\(%?nérg (g(f 2@? E%I@Féq{%% regd path

node or when the r cel i'S not Such
wheand seesamplifieRR\ID FIB £5A dive sefdraRBie read plativisl shwwri placed per

o Tl ety Sk o hnPRl o Pr M@ tibch wien Teaptoted by
t hehe elddesss ddcoder (lamyed). Yee S%fnsggdﬁ?‘ﬁ’rﬁgg [B4lsb placddber smaller

whi ch means that transi stors nsb are

r evBYRIEMBMERK hlock; (distrihuted yer rernawhalgenemagy bidek (Rmased), as

; i or i volta i S
o R 151 850 T bR el Y SEpEh s han e
neplacaciata distrikted &ant agirsFEG.BC o8 @ limped I6mY\@s depicted in
everse-bi ased. Since

20Q5/..00A3 PCTI US2004/ 021162 ;

t h%%o%&aé&'%?ew FOPUHEY, Caiee §BPE@99@( Britinle referance read paths
t r RSAHOWA infBI&. FEor A r?fe%ﬁcé’f'eéd Aah! c2hBe gﬁ%’re%} fbRiple

vol tage of the source o transi stor nsc an he drain

of SEPafSmR!Hiernas dgpisted indIfo bt i v ehwmb@gr@spg@lizad ¢hat

th : § ' | W,
oAl s abol 08) 5 RpeuaaSplifel et can o

volinteasiycedibyconerehostindrgtskillin ske Britadcortisg &3 theSteadhifigs herein
reve i ased. .Even when one of the reference word
I

i ¢ f%%i ERaing fraahthe preseriinyentianhi gh when RSi i s

[007ZW, t r AHtRSIASp B B thESIAVERDITERVIRES éeﬁﬁﬁ@ﬁcﬁ&rﬁé?& the cell

Therefore, the | eakage current flow ng t ' _ _
t r §HeCkre which hag peead pathenoly framenpdiittines Fhepinvestiezisensing

° $8Eh Aty KL R Sk nce curon
to make a signal difference on the bit fines. 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

“Hevelop 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 Vysrs and Vier2 thus providing two

separate outputs. It can also be seen in the figure that the functional blocks of
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different types of MOS transistors. One enbodi nent can

be created with transistors for carrying the

r efermesoes3ger rent bei ng NMOS transistors, while P(f'I|7€S2004/021162
source transistors are PMOS transistors. Howeve

creating a PMOS transistor requires an NWELL

. f.Sod 1 o]
S o1 etk s Chnfidihied ] eiBRedtveaBE McsHold] ot Bxample the
r epteadesbrismgauobkmre shawrs incbeporating Idg/i/ ?}’t ﬂaﬁ?ﬁto@é,lwhich have a
a ave the sane

» wes Blidge hrsliotf Ha 6 Farsiord of thetsietic boraRLatoh to
f OfreBN@Ieé a@%ﬁhﬁ’[é’?n%ré"a%m;ff’ﬁ)éﬁcﬁ eﬁ”gﬁ?ﬁ’ld 6"'1“?12@%8',3%({

NMOS source transi stor e Vo
t o numMarayfsfsimiliar \zmatmstaf :Hms peesant irsientien icha bsampiemeﬁted

trgﬁ@?%"[}}%?o t@8:} ”Q‘% gfer\'@ts ea;l/ggf O; tngga{\l :\/\E)S

[00V4] t age. THd pfe%fe‘ht ﬁ*wehh@n bPAHASEN 6WICef Btrutlupud RSt SO’RAM devices

throu h the reference read path can be increase
likeo wERR: Btrugturgsscas incprpanate sepasatedt nsmcmaé bideks for

%ﬁ*@?*ﬂﬁﬁ%ﬁﬁégﬁ? Sfonad WHich o pisTrbBl gttt witn
ob j diffeient trokshoid voitages tosummress feakagbei®rens irf thehavage part
reference read whi cg_hcan be sel ected

al tWRIIIMRIGYINg 'Jf%ﬂgtsp%d eHSeRf Sqparate read andidterwereh lines is
a tt&l&o Hbg@rlbéd fd?rﬁ@am@ﬁ ESJNBL ?é“tﬂ.ljl%rﬁ t§ %ﬁﬁ‘?ﬁgiﬁl‘é’hf’ng nc!iw leakage
path is ot

formed from the Iné to
SI dgeaf apierationsn oA foryn df differantial read sendinglis also geeénbed in which

o of e e L 8RB T A 356
SI demhinghis dohneetsd ©ck Vﬁuél{%&%& Zriggglvgiggg@ connected to a source

DTSRG o iPrioss fiiatas 19akags STl gemerysaliblopk.

[ook5t i n%tlﬂfugﬁ%ﬁe%s&ﬁﬁfcﬁﬁawvé%ﬁtbms%gh gbgﬂg thgse should not

pairs. A sense anplifier is also positione
of s eonstrved ag livdingthe ssope of thyyinventiorpbet ds melrelyeprovxdlng

FovlidstralionS o8 Sofhe Gt ARRTESeth Pretatfia, BoRiits oF th invention.
anpThéiedore, itatill betappeecisiddht ’:Wﬁlﬁfﬁe‘[ dggg% rp‘i’%‘iérﬂ fhvention fully
i nventi o

t eachl %s&gs%ﬁo rrgggcﬂate@t%y/hm,mgy b@ggmgq ebvious to those skilled
e”"?ﬁ%é“éﬁt 8nd iR Eibpf)é Bf %Efpagflﬂggﬁﬁgrﬁsf& cobdiSgly to be

pl acenent of the r e erence r
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
éncompassed 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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and sense anplifiers. In FIG 5A the reference read

path is shown placed per snmall nenory bl ock

(Wos2006/b06840d) or per a nenory bl ock which is PCT/US2004/021162
controll ed by 10 the address decoder (lunped). The

sense anplifier is also placed per smaller (sub)

(1 (oaic et s S ibctibfthe Apgert, onifitidht B elhdd! 6K i
patexplioifly reetexbinsthe algiinst iNo slairarelérmenpheredrisito e construed
deghe froiighS 338 4] 5 % P2 Snf perADb aIgeS the element i
shaggfieddly fadifedRigind HeHIRASE "rRAfMsAGENS 15 as shown in

FIG 5E or the reference read path can be shared by
multiple sense anplifiers as depicted in FIG 5F. It
shoul d be recogni zed that conbinations of the above
may be inplenmented and that variations can be

i ntroduced by one of ordinary skill in the art
accordi'ng 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 from one
bit Iine. The inventive sensing schene contains a
reference read path which can provide a reference
current to nake a signal difference on the bit |ines.
The reference read path can provide a different
current driving capability to elimnate an unnecessary
25 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 fromthe schematic that the
reference line is split 30 and that two separate
sense circuits are provided with the dual data outputs
generated from conpari sons against V-,,fi and Vref2
thus providing two separate outputs. It can al so be
seen in the figure that the functional blocks of -18
WD 2005/ 006340 PCT/ 1JS2004/ 021162 the circuit are
configured with different voltage thresholds, for
exanpl e the read sensing bl ocks are shown
incorporating low WVt transistors, which have a | ower
vol tage threshold than the transistors of the static
menory latch to
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reduce | eakage whil e increasing speed. It should be
appreciated that 5 nunmerous simlar variations of the
present invention can be inplemented without LLOYD WISE
departing fromthe teachings herein. [0074] The

present invention provides new cell structures for

SRAM devices and the like. The structures can

i ncorporate separate functgpampsb! ocks for wite

pat hs, read paths and storage which are preferably
designed with 10 different threshold voltages to

ordus g R ByicS HreV e St S Bk sy Gipbrising:
Wit g stetidimeniery dedl stictitedrRRAg & etlirhRty df@é@@lawhw\mﬂ

requirenents and facilitating | ow | eakage

re
oper athlviadity of fupetiora!l bipgksavigtinisaid e@b@trtsenea r$gld Blocks
S 0 rm nal of stacked
?‘b‘i’g& ?tgéés&’l‘?/grlt(leghnn‘#;%?%@etﬂlﬁcﬁ it line and anot her 15
ter rTwmeIremsaWreaztbledks areisaparhtmfrososmd avrite ddooMs: ahd

i s connected ce transi stor to su es e
t ot aWhesgiR é RExSAred qpre@w'tho? &Ngﬂ[‘(ﬁﬁ?"ﬁﬁ voltage
t ﬁ@zﬂH%‘Portapg gl§S& i ption above contains many details,

ese shou not be construed as limting the scope

of the invention but as nerely prOV|d|ng
illugtrati,ons of sone sent | err

erbod menfoMBIMaTKES TEREhiT SR 3o Mhees nRarbredd bigeis have a

I&%@erﬁﬁ%ﬁ%‘lcﬂ%@l@adé‘ﬂ{anﬁh@ vﬁr‘i?c@ﬂﬁoé!d‘s the present invention
enconpasses ot her enbodi nents whi ch may becone

obV| ous to those skilled in the art, and that the

scopg of t\h t

i ged b enTRGeREYS I e, hx"ﬁ%%éﬂsgé% 408 pgve 2

lovre rcth rerstiotd eolcaaget thamnthealtarNdcks) ahb &asd WEitd Blocks haoé a

i ntended to nmean "one and only one" unless 25

lQwey) thegshold %'t%ﬂeaﬂ"@d‘ thgtorageiiecone or nore.” All

structural and functional equivalents to the elenents

of the above-described preferred enbodi nent that are

knowd. t o thoeenarly as reicited yn slkirh 11, wheréie said celt structure utilizes
resslg ncor o ated | he ei. by.reference and are

theh EMEL l'tdlol éthﬁr esent cl ai ns.

Mor eover, IS not necessary for a device or nethod

to address each 30 and every problem sought to be

sol véd by A memorysasniecited éncliaom 1, derein said bell structure utilizes

Furt hernore, no

t h l.
sgfqé ?"?osfsgﬁﬁ%ﬁ%r e rrega%‘&ﬂﬁl%q Efﬁ in the present

di scl osure is |ntended to be dedicated to the -19

6. A memory as recited in claim 5, wherein said read 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 as recited in claim 1:

wherein each said read block comprises a group of read path transistors;
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WD 2005/ 006340 PCT/ US2004/ 021162 public regardl ess of

whet her the el enent, conponent, or nmethod step is
explicitly recited in the claims. No claim el enent LLOYD WISE
herein is to be construed under the provisions of 35

U S.C 112, sixth paragraph, unless the elenent is
expressly recited using the phrase "neans for." -20

LLOYRhereth a gﬂgg@r read’bdTR TRINKisHsrsifidin BY st mgﬁ?ﬁtﬁni&e

random access, nprising: a static nmenory

cehnectedriegétiver mithaa graupedf repdgfathl fnaasistarsesm aasetond a
lurality of functional, blocks, within said cell

rBeofh e bio s s cscRRd B en o Aa T e, g

storage bl ocks; wherein said read bl ocks are separate

fromsaid wite blocks; and wherein said read bl ocks

are &onfi dumamaedytas woiteddn claiimes fathernearpargEngdt han

i d _ . . .
ol i A TG By dfbsfne SeSE PRnG B3¢ R sEl i tatches
didrices hehdl pati;taage than the wite bl ocks. 3. A nenory

as recited in claim1, wherein said rea]c}, bl ocks hav ak
15 | GuRQUIER tERIIEr SRIBR LD SR sense APPITier 5P SLRRreS: Jpakage

' j cks have a |ower threshold voltage than
ctﬁﬁr’gﬂg o?%'gtémt? ock. 4. A nenory as recited in claiml,

wher eviversm shid elourcs transistoe cotripriseean NMOS amPM@Sdransistor.
lines for the read and wite paths. 20 5. A nenory as
recited in claiml1, wherein said cell structure

utiliges A&aRARSHCadRIciet iR @R, Witielrestld 28fkrévidd Rad path
paths. 6. A nenory as recited in claim5, wherein said

anckshidsedse iamlifies may be plasedriaadpyewtreordigupation withipisaid
| ines for. devel opi ng si iffer s on the bit
MemeLY dRYIcH Wipeh gﬁ ?lﬂbﬁjéﬂ%}ﬁé\’%& é@H%@%‘af or detecting
menory storage cell state. 7. A nenory as recited in

claim1:
10. A memory as recited in claim 8, wherein said reference read path

and said sense amplifiers may be utilized in a shared or dedicated configuration

within said memory device.

11. A memory 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

a plurality of functional blocks including read, write and storage;
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wherei n each said read bl ock conprises a group of read
path transistors; -21 LLOYD WSE wherein a group of
read path transistors froma first nenory cell are || oyp wise
connected together with a group of read path
transistors froma second nenory cell to a reference
read line which forns a virtual node. 5 8. A nenory as
reci Wfbréin sdidiréad bldcks b€ sepAERS FrohhSaidavitesi6cks making
anplifier for detecting data being read fromsaid data

shigt icladspathisepgrate feaa spist writeapatha source transi stor

coup N>

curr et S Fegf BRBAE e chhflurka 3itRRE ARl RRCORI
cbhaifishs tivdn tHeptorsgsblck®IMOS or PMOS transistor. 9. A
menory as recited in claim8, wherein said reference

read path and said sense anplifier nmay be placed in a

| ayo cony [ProTaNBVV IS (TN o RF-F-1F j ki

o oitPher T Eha R IR TR M RRY EomPRaRG 2
virta! nedeito vdich read] pathetransistors arer edravestekbetveaemdifferent bit
I.and said sense anplifiers may be utilized in a shared
'BPS-dedi cat ed configuration wthin said nenory device.

20 11. A nenory as recited in claim1l1, wherein said

cell structure conprises a nmulti-port static o
r anddrh ac feBeMgnysieyice-as regiteddp ¢laim 13 fughapegnprising a

S5t S e QR el BRBELAE MR TR botysep e

limesory cells formed fromdata |atches; a plurality of
word lines for controlling the read path; a plurality
of word lines for controlling the wite path; and a

pluralg ty tdid il sk i ;
bnd. Stor aéﬁﬁ‘éﬂfﬂ% JeiR b &ited p Mait 1 S duferth 1 ¢drioction
tasaiddiaabnadd soppreases laakage lwuoeks ohedll bigcks.

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

a reference read line coupled to each said read block and said sense

amplifier for said differential sensing with respect to different bit lines.
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said read path separate fromsaid wite path; wherein

said read bl ocks are configured to have | ower

threshold conditions than the storage bl ocks 5 13.

menory device as recited in claim 12, further LLOYD WISE
conprising a virtual node to which read path

transi stors are connected between different bit

lines. 10 14. A nenory device as recited in claim 13,
further conprising a sense anplifier configured for

per f 87 mi nd\ mienay @stregited énelping 16emhetsintransisters of said read

e _ devi . ) Lai _
oleR e ciebiR RO 0 FbbBR Yid M rshsistors of
saidrgtoeseesiotieakage current of cell blocks. 16. A

sem conductor nmenory circuit, conprising: a plurality

of static nenory cells having functional bl ocks

CONMPKRS| el Bt e
b1 oo B AaRory B8 e Bt (kL0 Ser by aingha Soplces
traasistargcoupled tnsaid sehse lamplifien ty seppress deakagendurtgnted

for being read and witten; one or nore nenory cell
reading transistors with each said read bl ock having

an i nput  aomRIesh iR ReREd FREifaBawharéih the lshihie saiddvord line
storage bl ock and an output coupled to one of at

ig eeignled @ bpth readelockeand wie Hlockspl i fi er coupl ed
between said at |least two bit lines for detecting
data being read fromeach said data latch in response

to di20f er Ainemhoryeassictiled iretiatran 6s aihdrein dagdhat lelagpohe word
lines; and a reference . read.|i ne cougLed to each said
ling SQMriSER seraratgworddings, withsead wardfiges gqupled to read blocks

Wf ; i ; j i to different bit
aﬂdnd;\z/ﬁf‘éj%@?{E%%EW”@EW@?@&%%%?y as recited in
claim 16, wherein transistors of said read block are
o 4T Ch by eEreci i, bR S0 Wheteh' AF 4P ot res
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 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;

wherein said memory cell comprises a data latch, a read block, and a

write block;
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5 18. Anenory as recited in claim16, further
conprising a source transistor coupled to said sepse
anplifier to suppress | eakage current. 19. A nennF&OEQVWSE
recited in claim 16, wherein the sane said word |ine
10 is coupled to both read bl ocks and wite bl ocks.
20. A nenory as recited in claim16, wherein said at
| eastyheR&inWich rehd o SORIIONFIgEr<PRAR dhe oMherd tdSword
wth read word lines coupled to read blocks and a
trangistorgor d 1i nes coupled to wite blocks. 15 21. A
e MO oh RSNt el Blof & it §itR dheSd ol e Yot
ines aCtivate transistors coupl ed to sai [ 1 nes
traasisttagel opi ng signal differences on the bit |ines
for said differenfjal sensing. 20 22. A nenory as
r eci MOETeIR S 640 Blockhandiwitts rpioqjﬁscﬁrs WPy AUSITYRANe
ahbfesi stors within a first read bl ock are connected
together with another group of read path transistors
wi t hiapplyirgea oead wedad signat ko activate e¢ardt woced trapaigtars iof a second
ich, is nnected to sense [Lfier. 25 23. A
vRlieg tnriSndf REEh e 58 e BT S8R Mrefhoiggnd
CONPkEASiIAE the BRIHLItDFIhE Gedthivardvirahsistbrs ¢ blsense HnaplfFier
of a first voltage threshold |level formng a data
cpepled tp@ bifling i@ penawie aydatabit oyteuin a plurality of
menory cells; wherein said nenory cell conprises a
data latch, a read block, and a wite block; -24
LLOYR4W S meftiesceas recited inedainb2®okhereire saitl gansecdamplifier is
one or nore reaﬂyﬁfrd transi stors; wherein each wite

caHBler heiwegnitwghittinas and hieedaa aHlpe IRugeneraied in response to
defé'i‘Q fiﬁts%rnéingof"\ﬁ“ﬁé%ﬂp%&w&@ﬁ%a%&%ﬁit@ﬁﬁeé’w ite
ocks are separate fromone another; applying a read
word signal to activate read word transistors of a
Seco'%%. 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.

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;
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vol tage threshold which is Iess than first voltage
threshol d; and sensing the output of the read word
transistors in a sense anplifier 10 coupled to a bit
line to generate a data bit output. 24. A nethod as
recited in claim23, wherein said sense anplifier is
coupl ed between two bit lines and the data output is
genendepsiniJaid estietaemody céll hhs aaRipardteS@a8IbMGCKOANE Arite
out put between said two bits lines. 15 25. A nethod as
ited in claim23, further conprising witing to
said '
o ans,oé{yﬂ{lgs‘é gé‘?@gf&g%@ﬁa; wgétgltsagé?% Mr@%h¥§!dr§gvlthln a
rerdd blockpanis t he Iatch of the static mermory cell from

bit | dat t I 2
Dher BNETeIR Nad Feat Foid flangisiore are son g red ity & \ver wltage

trYYébﬁ@lthﬁéH sbid‘ﬁaﬁé@to?%f 58 Rfla dtER: @ third V0| tage
hreshold th is less than said first voltage
t hr es@osiag the .ounpumfhb@l read weed tradsisters imarmepse amplifier

oBEkE iRl ait b i kfured 1 QEfeR 4 e vllBlp pepponse

te giffeserstial 3epbing setweenrsaid BeaTpitiisesg:  mai ntai ni ng

data witten to transistors formng a data latch for a
static nenory cell; -25 LLOYD WSE wherein said

stati

o LS. TR b NS ASRTTAS, AR, DBl o
referehder reasli lsteohos refierdnaing the mdi Wwormcsignals ccobipledetoesaid bit
sald read word transistors are configured with a | ower
U%?tage threshold than said transistors of said data

| atch; sensing the output of the read word transistors
in a sense anplifier coupled between bit |ines and

conf B§ur ed methedhas aeetes inaaino28 purthencomppisingesuppoessing

Iedél(fag‘?:rc‘ﬁrl1 en%lbysc%rﬁ%'llﬂg abseotL}'Még ﬂaﬁgfsgor tg%apd ée*éeng%ph&gr.

LOYD WISE

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.

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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29. A nethod as recited in claim 28, further

conprising generating a reference read line for

referencing the read word signals coupled to saidLmbyDvaE

lines. 15 30. A nethod as recited in claim28, further

conprising suppressing |eakage current by coupling a

source transistor to said sense anplifier. 31. A

net hgd. as Arpehidty dsreitéd M A8im AURUHRIT coppriding:nd

applying a wite word signal to activate wite word

t r an8isenseamplifierfosdetgcting datahpeing read froppsaidi datadatches
' ..d data latch. 32. A nmethod as recited in

a@ﬁ@?ﬁh%&fpéﬁ?ther conprising configuring the wite

wor dwheagiaissidssnse dinplifieoiseoupEd beteveienr it alt tbash dwo bit

.said transistors of said data |latch. 25 33. A nethod

lings; ted in claim32, further conprising configuring

the Whiet&inWhE GutpRbtisaidEensd Sfphiidl 1@REE tNOLAEDf said data
threshold than said transistors of said read word

latehessinsiespense fidifiecymiaNssasingbetweer said/biblinesci t ed
in claiml, further conprising: a sense anplifier for
detecting data being read fromsaid data | atches
al ongsa r pagheRfdr asweeited fh slaird 33capersiAmhé tuaent driving or
coupl ed between said at least two bit 5 |lines; and

digebpeding cARabiliyrfiisaid rerd Bathdes saidrianse; amplifiaids diffesent than

T4 T . .

o5 B oEBstnal g Aty 462940 o s o e
menory as recited in claim34, wherein the current
driving or, 10 discharging capahility of said read, .
pat h3Por SeMEMAUYSS g ‘Pq’?’l %'PBT‘?’EM YRS ViYR! npde is

EHREGRY t9'd e Shpffisichar gi ng capability of a read
Cpat% In sgl dér!%ta Patch. 36. A nenory as recited in
claim?7, wherein said virtual node is connected to a
sens%_/.grrplA rfn'e(rerqdryla5s recited in claim 36, further comprising a source

transistor coupled to said sense amplifier to suppress leakage current.

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

a read path as either a distributed or lumped configuration.

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

configured with a shared read path or a dedicated read path.
40. A memory as recited in claim 16, wherein the current driving or

discharging capability of a read path for said sense ampilifier is different than
the current driving or discharging capability of a read path in said data latch.
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37. Anenory as recited in claim36, further

conprising a source transistor coupled to said sense
anplifier to suppress | eakage current. 38. A nenor L&¥D WISE
recited in claim 16, wherein said sense anplifier

20 a read path as either a distributed or |unped
configuration. 39. A nmenory as recited in claim 16,

wher ghn Sal GheBRIPSs AtHeldf ih aihs28, GMﬁléﬂei}lJé eéaavptath 8f fsaid
shared read path or a dedi cated read path

seRspAMPlger isonweilher a distabuietdsr lurwed qortflﬂelrailm ent

driving or discharging capability of a read path for

said sense anplifier is different than the current

dri \éngg OA memm 'rergte«:iapaﬂmm 28, wiierair aaé%@@tath bfsaid

sai a LLCND SE 41, A nethod as .

SfReSs W'l ?ﬁr le%WWSE fm@r'@leh ared Ll qreicatse Lglﬂz#'%wg@n the
? hfd&licd S in either a distributed or | unped

confirguration. 42. A nethod as recited in claim 28,

wherein a read path of said 5 sense anplifier is

confl ure fo ther .share edicated utilization
SoThT A il 5 BhoRROh St 26 el fre Sluterfi B or
diﬁcﬁbf@nﬂé‘ cawlﬁ?lh@l of 4 had-patherdE séﬁﬂlééln@@ aMhplifidir ¢ Bfe®émhan
capabi 1ty of a read path for said sense anplifier is

the eyreertdrivingar disgharging gapability nfiafiead rath dn saiddaadatch.
capability of a read path in said data latch. 44. A
method as recited in claim28, wherein said nenory

cel | g44ar e A metiodias escitaidtih dam&t\ﬂhéremsaldnﬁéni@lrpc&?s are
controlled by either the sane word |ines for the

CARBOUBR T, SR et FunCHARAICTIPEES SR Ealisd it aithatthe A Word
lih &% f&rgﬁe réad 596%@83)3’(‘1’3”% L5 J¥Atidfed ﬁZCIe?g?Igﬁﬁé(rgﬁ@étsn‘? r the

providing static ra access as fr
reachpnd siritg pathspl ural ity of transistors formng said
plurality of functional blocks; 20 said functional
bl ocks conprising a read block, a wite block and a

dat a4sl at N“m@fnﬂ%e@fc@&ﬁobidﬂfd(staﬁe PaRdSaacteks %sﬁélbﬁbdkln

i s established rough transistors of said wite b
claig ‘s comnfigiR@h i s separately established through

tr a”%‘;ﬁuu%m?y 8Ftr§r?§|gtoff?oqnmjl§)§§|d 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

a bit line pair having a first bit line coupled to a first terminal of said write
block and a second bit line coupled to a second terminal of said write block;

a bit line of said bit line pair coupled to one terminal of said read block;

wherein said read block is configured with a lower threshold voltage than
said storage block.
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and 25 a bit line pair having a first bit line coupled
to a first termnal of said wite block and a SeC?UQYDVWSE
bit Iine coupled to a second termnal of said wite
bl ock; a bit Iine of said bit line pair coupled to one
terninal of said read bl ock; wherein said read bl ock
is configured with a | ower threshold voltage than
said storage block. -28 LLOYD WSE 46. A nenory
devi ce providing static randomaccess as recited in
cl ai ¥61, fomemarydgvice providing statierandemsacpess as recited in
FUHnin sq%d lurality of functional blocks; 5 said

ey %H cks conprising a read block, a wite

bl ocly Hoehlity pfransis@rs rorm‘mgasanqﬂa@mt;bbfommtuemlcblocks
transistors within said read block are confjg

a | oseid fumﬁtle@wdqlgckﬁomrae@smaaqre@ﬁeb'ws@swgteoblgcg@nd a data
|aﬁeh%f§ts%laa%% hback: and a reference read |ine

npri st ng V|rtual node which is coupled to read 10
bI oc lsald/\iralhlsmtods frfithiresaid read bjoakearbmonﬂigured withwar Ipwer

devi 46, t

tirgphEheataoghap dhe Rers BlTs <t salt Harids SBPR 93 ooence
read g r‘e‘?@ren@@qleaé iRE RSB & vitualt AuBE &shiER iSedbled to read
line pair. . A static random access nmenory device

bécschsemthle@lffefeat giemary cedlsnpri si ng: sai d functional

bl ocks conprising a read block, a wite block and a
data |atch of a storage bl ock; 20 a pair of bit lines
conpr47si n(A eedmogtddvide bs$ neciteddnalaircefdulther bd)nmprising
said latch conprising a first econd, @%hlrd and

f our threferensedead paif ireut C?H’"Aﬁél"%?@ﬁd erenpeg repd fige: and

bl ocka g&gégagglgg IS@td i Gttﬁplr@“ﬂa gsaid first bit

l'ine, ransi st or sal write bl ock
coupl ed between sald | atch and said second bit |ine;

and 48. A static random-access 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 bit 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,

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

threshold voltage than transistors within said storage block.
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25 a first and second transistor of said read bl ock
coupl ed between said |atch and one of said bit Iines LLOYD WISE
within said bit line pair; wherein said transistors of
said read block are configured with a I ower threshold
vol tage than transistors within said storage bl ock.
-29 LLOYD WSE 49. A nenory device as recited in
cl ai ug48, A H RUBY 4$ Fetiifedan CRIir 48)d6rthéaorphsing:
formng a virtual node which is coupled to said read |
bl oclagrefg¢rence read fine éprming rﬁo\f'QU%'équE, whichd$ spiRled tosaid read

h . ClJ:.Cui id reference read |ine; and
b%%gss@hﬁﬁﬁgt%gﬁfﬁgﬁg%%%gﬁgd to said bit line pair. -30

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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