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[ 0001] This application clains priority to and the benefit of the filing
date of provisional patent application Serial No. 60/368,392 filed March
27, 2002. WRAMREEBUND OF THE | N\VENTION 1. Field of the BGRISPY®SH [0002] The
invention relates to integrated circuits, and nore particularly, to
integrated circuikG@WuBOWER HIGEBPERFORMANGCERIEORAGH etri eval . 2.
Description of the Re 0 E ver {hree decades the
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devi ces. Power Consunption affects battery life, and | ower power

consunption |eads to | battery life Static Random Access Menory
(SRAM), has been an i ROUNH E, INVENTION

SHd L 1y 2bl e devices since it
consunes | ess power and is generally faster than dynam ¢ RAM ( DRAM t hat
requi res paidl®ef e IREkRRN operation to prevent |oss of nenory contents.
Currently 16Mo SRAMs and 256Mb DRAMs are avail able on the market. [0004]
For po b@il e ﬂ%ﬂvj ce .applicatjons that require SRAM |ow standby current is
hi ghl ylr" si rHfi5tavegtionyelates to.Wiegrptediarauitss tndapgre pagigglanky fo integmisd se, rapi d
dep! etdi@fiQised AGnaahdiBh ¥oPRWEH] reff¥all i M t the use of portabl e devices and

al so can i nconveni ence users of those devices by requiring themto carry
spare batteries, for exanple. In a present generation of portable devices,
the typi caPeswriptomof theRelaisd ASf a portabl e device is 5-10 mi croanperes
(10A). ldeally, the standby current would be zero, and the |ess the

bet t erjope3] anaRY ofdtiHred dechS thk semiconductor industry has been able to take advantage
of the technology scaling according to Moore’s Law. A continual increase in memory chip
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density, and thus the on;chip memory capacify has enabled the development of new products
such as portable electronic devices used for mobile computing and communications. Without
high-density memory it would not have been possible to have devices such as cell phones,
personal digital assistants (PDAs), palm-top computers, or even laptop computers. Power
Consumption has become a significant factor in use of such portable devices. Power
Consumption affects battery life, and lower power consumption leads to longer battery life.
Static Random Acces; Mernory (SRAM), has been an important component of portable
_devices since it consumes less power and is generally faster than dynamic RAM (DRAM)
that requires periodic refresh operation to prevent loss of memory contents. Currently 16Mb
SRAMSs and 256Mb DRAMs are available on the market.

[0004]  For portable device applications that require SRAM, low standby cun;ent is highly
" desirable so as to extend the battery Iifeﬁm'e. ' Otherwise, rapid depletion of the battery pdwe_r ‘
" ¢an limit the use of portable devices and also can incoﬁvenience users of those devices by '
requiring them to carry spare batteries, for example. In a present generation of portable
devices, the typical standby current of a portable device is 5-10 microamperes (10°A).

Ideally, the standby current would be zero, and the less the befter. Standby current has
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propagatjon del ay eadlng to increased circuit wever, | ower
t hr esh8Vleveltagagan badesedlsdiby i n rel ativel y heavy I eakage currents in
standby node. [0009] Figure IAis an illustrative circuit diagramof a
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othex words, increased Vt results in both reduced leakage current and increased signal
propagation delay within the circuit. Thus, typically there has been a trade-off between a
desire to minimize leakage current and a desire to maximize speed. This trade-off generally
has been acceptable as Jong as reduced leakage current transistors with increased Vi are not
in speed-critical paths. Ordinarily, transistors in speed-critical paths should have lower
threshold voltages in order to ensure reduced signal propagation delay leading te increased
circuit speed. However, lower threshold voltage can result in relatively heavy leakage

currents in standby mode,

[0009]  Figure 1A is an illustrative circuit diagram of a known integrated circuit data
storage cell of the type referred to as an SRAM cell. This prior SRAM cell includes six
transistors, two transistors for access (m5, m6) and four transistors (m1, m2, m3, m4) for
latching data with two cross-coupled inverters (m1-m3 pair and m2-m4 pair). Transistors
mi-m4 serve as storage cireuitry. In this example, the storage circuitry operates by latching
data. Transistors m5 and m6 serve as access transistors for writing data to and readin g data

from the storage circuitry. Suppose, for exaraple, that the stored data is logic “1.” The data-
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and reading data fromthe storage circuitry. Suppose, for exanple,
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control node C2. [0011] , During a wite operation, for exanple, when W is
hi gh, velage acgess BﬁlssLor@pSnn@@deSﬁéidsttS@ mméedXoﬁyﬂrsjudnhamgd@K andtodbs transi stor
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and includes a second S/D coupled to a first data access node Al and includes a gate coupled
to a first access control node C1. A second low threshold voltage access transistor mé
includes a first S/D coupled to the second data node X-bar and to the gate of the first PMOS
transistor m1 and to the gate of the first NMOS transistor m3 and includes a second S/D
coupled to a second data access node A2 and includes a gate coupled to a seéond access

control node C2.

[0011] . During a write operation, for example, when WL is high, data “1” on BL can be
fed to node X by turning on access transistor m5, and at the same time, data “0” on BL-bar
can be fed to node X-bar by turning on access transistor m6. The latching by ml-m3 and m2-
m4 pairs enable stable storage of data “1” at node X even after the access transistors m5 and
m6 are turned off with low voltage on WL line. Conversely, data “0” can be written to node |
X by providing logic “0” on BL while providing log.ic “1” on BL-bar when access trapsistors
m35 and mé6 are turned on by a high WL signal.

[0012])  Conversely, during a read operation, both BL and BL-bar are pre-charged to a
high voltage level, e.g., Vpp. If the voltage level at node X-bar is low, then the voltage on



md pairs enable stable storage of data "1" at node X even after thezaﬁﬁgffoos
transistors nb and n6 are turned off with | ow voltage on W. |i ne.
Conversely, data "0" can be witten to node X by providing logic "0" on BL
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X and 3( bgo are hi gh and | ow respectively, and BL and BL-bar are
precharée ®VDD. When W is enabled, nb and n6 becone to turned on. Node
X at the junction of mM and nB is coupl ed to BL, and node X-bar at the

junctiiﬂﬂltt}f rmmpmblémmmmmneﬂskmﬂmbweoﬂ@ﬁe 18lis arthé Solpgecharged to
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and 1 eadSRRGAr m1 and m3 is coupled to BL, and node X-bar at the junction of m2 and m4 is
coupled to BL-bar. Since BL-bar is precharged to VDD and the level of X-bar is low (e.g.,
VSS), the voltage level on BL-bar can influence the voltage level at node X-bar. One
approach to reducing the influence that the voltage on BL-bar has on node X-bar is to
increase the impedance-of m6. However, increasing the impedance of m6 also slows down

the read speed. Thus, there is a tradeoff between circuit stability and read speed.

[0015]  In addition, leakage currents in standby mode can cause draining of the battery.
Figure 2 is an illustrative drawing of an I-V characteristics of a MOS transistor for two
different threshold voliages (low Vit and high Vt). As explained by equation (1), the higher
the threshold voltage, the lower the leakage current (Ids) in magnitude. Thus, design option
“A” would use high Vt to lower the leakage current, but this would cause speed degradation
since the signal propagation delay increases as Vt increases for a fixed Vgs (<Vpp) swing. It
is known that the propagation delay driven by 2 MOS transistor is inversely proportional to
(Vgs-Vt). Thus, for a given Vgs, there is more delay at higher Vt. By comparison, design
option “B” would use low V1 to increase speed by reducing signal propagation delay but
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could be reduced, thus increasing the production yield. There has been a need for a memory

cell architecture that allows a simple approach to implementing multiple-bit storage ina

single memory cell.

[0018]  In addition, there has existed a need to reduce power consumption due to
precharging of bit lines for read operations and to reduce chip area occupied by precharge
circuitry. Figares 1B-1D are illustrative circuit diagrams of showing the known cell of
Figure 1A coupled in a typical SRAM array structure in which each array has m-rows (WL)
and n-columns (BL and BL-bar) of cells, Each column includes a bit line pair BL and BL-
bar. Each array of Figures 1B-1D has a different known precharge circuifry configuration.
More particularly, Figures 1B-1D show a first cell, celi-1 in a first column column-1 and a
last cell, cell-n of a last column column-n of row m. Specifically, cell-1 and cell-n include
respective mput transistors m5 and mé6 with gates coupled to WLm. Respective S/D
terminals of m5 and m6 input fransistors of cell-1 are reépectivcly coupled to BL1 and BL1-
bar. Respective S/D terminals of m5 and m6 input transistors are respectively coupled to

BLn and BLn-bar.
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precharge“circuitry configuration in which, at the end of each bit line, a
precharge transistor, e.g., P transistors |- .l - -1.and npn- 2,
i's pl de®41t o e RWF@WPWW%%E‘F&%W |‘$“rlei1ﬁgalb%]fr I%L@égﬂ?iv%aft ages at a
certain.l gy @J‘echsgg&i to VLR RO rhf1e1, Af1al, inPd-1' ddlmph-2. Thel et e shese ow- m
precharge, colunmn-1, coupled to first bit_ line (BL1) of cell. For exanple,
t he naotaatistors ateqonpled to amtiveasupsly levsherd- Yoo dtisegaplecnd s, the  coupl ed to

second bit |ine.(BLn-bhar f I HabhBnRLaRaigae rcuitry
confi é’fﬁch?riggh‘mﬁs(tﬁ gﬁf@%ﬁ&%@%ﬂ%ﬂlt#en%isﬂg% ghﬁ %ﬁ bar 1ines Sa;re

pr echgk@hskgb®toWRip. t hrough npl -1, npl-2, nmpn-1 and npn-2. The gates of these
transistors are coupled to a power supply level, e.g., Vss in this exanple,

and thus, the  pre rge transi stors are, al . Apgg the BL |ines
and BUYYE] |iﬂg@re&%ﬁ&egﬁﬁﬁqxfagﬁrﬁch%eecg ﬁ%l%gwg%m&}ﬁ)ﬁﬁ?%%gﬁ Ffjgur e 1C shows
a SecqRshiRMBS EReGh iWohfigoraidf of Bighé 10 thegirevhirge trérsistdiareof  Fi gure | B,
However~in the configuration of]aﬁl,:ﬁ%ure 1C the precharge transistors are

cont r sbhteelledpy a pricheEapaEoLBERl i gnal PPRE. [0022] Figure 1D shows a
third precharge circuitry configuration in which each bit Iine pair has a

dedi cgh@sh) CONfiile 15) SBR a tfrdrochRRREkciitey cdBlEburanish iBlihidhaactebitlit®PREN for BLn
pair has a dedicated control signal, ¢.g., PPRE1 for BL1 and BL1-bar and PPREn for BLa

and BLn-bar. These dedicated contro} signals permit selective precharging of bit pairs.
Selective precharging can reduce power consumption since current paths not involved in a
read operation are not unnecessarily precharged. Moreover, celis in a given SRAM array can
be divided into groups, and different respective precharge signals can be used o control
precharging of different respective groups of cells. For example, assuming that there are 128
cells in an SRAM array, and that only 16 bits of cell data are read at a time, then the cells of

the array can be divided into 8 groups, and each group can have a different precharge control

signal.

[0023] While a precharge circuitry configuration such as that of Figure 1D can reduce
precharge-related power consumption, there has existed a need for further improvements in

precharge-related power consumption and for precharge circuitry that occupies less chip area.

[0024] The present invention meets these needs.

SUMMARY OF THE INVENTION




and BLn-bar. These dedicated control signals permt selective prechézwéoos
of bit pairs. Selective precharging can reduce power consunption s

current paths not involved in a read operation are not unnecessarily
precharged. Mreover, cells in a given SRAMarray can be divided into
groups, ANQ 03088 ent respective precharge signals canPe&US&E% 0 control
prechar%ﬁgci of different respective groups of cells. For exanple, assum ng
that th ar eOnP@pedt ef the invantiom, BRAMupi, providansh fntegtatadninvuilfolid s of cel |

ar oupe, e e el PRV Cani i BhnssaremariuaBiosand oignal |

[ 0023] BMOSeraasmmech&rrgeomé/@zuhidfmm&mgs%hﬁ@oﬁeﬁ@s 85, fbali;s0f Figure | D
can reduce %rx}%cha -rel ated power consunption, there has exi sted a need

for fur® Er ﬁ’tl"s"fﬂ}?Se%@m%m@loaﬁwspgwond)bmqum 4n and for
prechar @ ¢FikeChibdp ape 02 resent
mvenu%n meet s t%@gﬁs‘ﬁ&%@m&@@% ﬁ@%ﬁﬂfgﬁ @5%@?2006 WO
03/ 0833wRsiFQTyeIRe 37 DHBGD b{w&aﬁl chmctms pés hecorid dobheeldrieof thofivst KRIOE X anpl e,
pr ovid ted gircul devi ce. The device inc]ludes first
e%“%%%%%lssﬁgme (ftﬂ%eetl sgﬁﬂ SerpRY s 2PPANBReEors. A first

s our ce/jurctibmofd setdid sbince/irald\2ehd e IPIAOS rERIMR Ind S fiddt fduf®farph 88 node. A
first urce/ (H]\ﬁbg of ,the second PMOS transi stor serves as a second bi as

node. A% $gegnd frangistorserves eag nyllosmarode. Thersicsagealovige alkg indlubisas node A
gate Oflnﬁuhﬁod%e&éi&ﬁgéMan& LR hode si‘ﬁﬁgt%?aggﬁo&[\[%& j c’agn g?a € ?rf‘d

junction of a second source/dral n of t ranst’s and a first
sour ce/Sele/draigof thedirstPMOS pyBiiar paths sestml sosmeiiein afthasepod NMPSnode. A

juncti n.of the sec transi stor. and a first

sour ¢ e?lﬁ? %ft?\rag@ gwit%gcg) n%élglk@“}mrg%’ﬁ?? & B’P“tsdéj‘g\?'é‘&nb%ﬁ WPPLRd6n node. The

st or agéo algaié Qfdheaﬂst)l\IMﬂS tedisistoaind tb ARME 0N 8econd PMUPEMsHRHCARPGp@AN Out put
second source/drain of the

node. Th sto%ﬂg]eI fat a junction of a
first P %?SB?SS%;?H& 4 slorrd data valym fremy the gpmgorodeirths etpMdoRNMOS
transistor. An input switch controls transm ssion of an input data val ue

f r om t {0926 puAnotheieaspdodofthgmiventioh, ﬁ)h@:aﬁlipfesf)roN}f%ﬁﬁ gﬁteatcﬂémﬁﬁfﬁut 0 a gate

of the ?sieco d PMOS transi stor. An out switch confrols transm ssion of a

st or ed Ve eyel stpsage dsvirs. h@eéieﬁ'ﬁ%@éiuﬁ@d'ﬁsttl‘m@ﬁ@n@m@&trmsms anfl00261 Anot her
aspect sébnd MAOSHHE PMOD rardsRiorE X2 BRE Srurdd?Mh 9P Rl NUIGILALEE, C1 reui t mul ti -

serves as a first bias node. A first source/drain of the second PMOS transistor serves as a
second bias node. A gate of the first PMOS transistor serves as a third bias node. A gate of
the second NMOS transistor serves as a fourth bias node. A junction of a second
source/drain of the first NMOS transistor and a first source/drain of the first PMOS transistor
serves as a pull-up fiode. A junction of a second source/drain of the second PMOS fransistor
and a first source/drain of the second NMOS transistor serves as a poll-down node. The
storage device also includes an input node, a storage node and an output node. The storage
node is at a junction of a second source/drain of the first PMOS transistor and a second
source/drain of the second NMOS transistor. An input switch controls transmission of a data
input signal that can have any of multiple prescribed input signal voltage levels from the
input pode to a gate of the first NMOS transistor and to a gate of the second PMOS transistor.
Limiting circuitry limits the storage node voltage to a prescribed storage node voltage level
determined by a most recent data input signal voltage level. An output switch controls
t_ransmission from the storage node to the data output node, of a data output signal indicating

the determined storage node voltage level.



vol tage | evel storage device. The device includes first NMOS and P
transistors and second NMOS and PMOS transistors. A first source/ 2&2{919/31006
the first NMOS transistor serves as a first bias node. A first source/drain
of the second PMOS transistor serves as a second bias node. A gate of the
first PMOBOOFE&2st or serves as a third bias node. A gZEEFU§H9%e second
NMOS transi stor serves as a fourth bias node. A junction of a second

sour cefodzai N Afothdd @sphitiof thehiantivn prosided awimprodtedinfegrated cirouit geragh ai n of t he
first PMOS transistor _serves as a pull-up node. A junction of a second
sour cefevaibyseparate WateqwtARd '¥9m8™ r ansi stor and a first source/drain of the
second NMOS transistor serves as a pull-down node. The storage device al so
i ncl ud@Bagin | BRdiher AGREL of heShitnbGeprocres Aittegated virguit storagbesll Hith ast or age

node is at a junction of a second source/drain of the first PMOS transistor
and a isweoied preshaugeccaceiiyicanigurative. second NMOS transistor. An input switch
controls transm ssion of a data input signal that can have any of nultiple
prescry in [ I ; 1485 iEdoRived BehandidBiud cife &@ a gate of

t he fillrog?ﬂN tﬂ?ezﬁ i?toof?}maﬁrllﬁ&?%ﬁgﬁglgte gf thgﬁlsecond Pl\/%gtransi stor.
Limtimehedsrcuitry limts the storage node voltage to a prescribed storage
node voltage |level determ ned by a nbst recent data input signal voltage

| evel . out i ontr ?m Wolo Mt 3 mhode to the
dat a o@@%hdt n@%té? %\g‘orﬂ%pf%%gésoag{i %ctlj‘{ahgsa gnal ?%‘&P%‘%{Wgﬁéh?ﬂ%&g%?g?m ned

st or agie fulld@ingaletailgiadekaiption oferfit/dd B0 Bhe indniict agi3bmRgiPEiresso sy 09599

[ 0027] ot her aspect of the invention provides an inproved integrated

ci rcui@%%?%@ara@&gﬁ with separate wite path and read path. [0028]

Anot her aspect of the invention provides an integrated circuit storage cell
with an inproved prBRIBFDESCRIFIION OF THEDRAWANGSN. [ 0029] Anot her aspect
of the invention provides inproved dynam c bias circuitry and nethods.

[ 0030] se and aqther featuyres. and.advan es of, the.i on will be
appr ecﬁogﬁd fﬁg}ﬁe]ﬁ-ﬂémﬂ}ﬁlﬁ Vﬁ(ju%‘i‘g?gr@:ﬂog% OW‘F%W%&C{%@Q%E ments of the
'nventétﬁﬁ%ildéﬂ ofﬂx@éhb%%gie@él&r@!&ﬁ@dfo@saﬁbﬁm bdlls Wighirey FB-ADavd thgs. BRI EF
DESCRI PTI'ON COF THE W NGS, [0031] Figure 1A |s_%{1 |I!Lustrat| ve circuit

di agr dfmsitative divaidiagiams gF the kaown peth pfiFighye 4A i a typical SRAM array

structure with three different precharge circuitry configurations.

[0032]  Figure2 is an illustrative drawing of an I-V characteristics of a MOS transistor
for two different threshold voltages (low Vt and high Vt).

[0033]  Figure 3 is an illustrative circuit diagram of an integrated circuit data storage cell

in accordance with a first embodiment of the invention.

[0034]  Figures 4A-4D are illustrative circuit diagrams of third through fifth
_embodiments of the invention; and Figures 4E-4F are illustrative drawings of precharge
circuitry configurations for cells of the type in Figures 4A-4D in accordance with

embodiments of the invention.



storage cell of the type generally referred to as an SRAM cel | . Fi gﬁlz@(
2006

1B-1D are three illustrative circuit diagrans of the known cell
A in a typical SRAMarray structure with three different precharge
circuitry configurations. [0032] Figure 2 is an illustrative drawi ng of an

| N char acvVem88§78s of a MOS transistor for two differ8T/UERA0&¥AOI d
vol tages (low Vt and high Vt). [0033] Figure 3 is an illustrative circuit

di agrf@g d?%'@aggﬁiﬁ&uﬁwﬁﬂcﬁt@a Sirah ageraed dircuit datasoegeediice with a

first e invention. [0034] Figures 4A-4D are illustrative
Ci r cuid acdoreigea nethafsixtin embbdithens afjthe tivegtion. enbodi nents of the invention; and
Figures 4E-4F are illustrative drawi ngs of precharge circuitry

confi i ong, 9k iE8li i td]@n b skl BB GferdtiBn 8e@er dance with
enboct iRt < @?g“t"%‘ﬁag‘\}iel%tt‘ig{éﬁ R e B S50/ 09500
[ 0035Lirtuitg of PigardsS, Ariliandddi rative circuit diagramof an integrated circuit
data storage cell in accordance with a sixth enbodi nent of the invention.

[0036] Figure.6 is.an.illustrative tim ' LecfiPl @i n the
oper a]t['?oéh of %t‘%e%&si WH\‘SP? I%Qf‘ﬁligrﬁﬁroes [,Egtf?gd%%&gigaﬁ%&a% 0037] Figure 7 is
an i | Lystdaad wigh siceath Binbbdiaentiontie@hahieh. ci rcui t data storage cell in
accordance with a seventh enbodi nent of the invention. [0038] Figure 8Ais

an illustrative draw ng. of convent i.onal rd, line dpl L Chhedit that

can b&0W38kq JFigure § tl%%#‘&?‘l&ﬁ%ﬂ %@Wﬂg&f pggﬁvg\i@on %‘J"J’ef?@%%?ﬁn‘)éeﬁ% lgafgftﬁ#he present
i nventl o uEORRR Hath 5OkEE cARbilcBitgbf bhibothineaé oMbe pieseat imgemtibna virtual ground
signal applied to the driver of Figure 8A during active and standby nodes

f tion. [0040] Fi 9A s, ircuit di f.. 1 dri
ci rouTMPh aferasR s baasEgatt Ve R PEI B ol o Op
is a %%9%?&-1:@‘@%@%9 HoEthdsQn@ythéel of {Rr#BR dt i on of the word line driver
circul Igure ,& I

in activé and standby nodes. [0042] Figure 10A shows
an alternative enbodi nent of only a bias circujt r,fyé_éport' on wmord line
dr i vef00#0} cuiligura 9Ade o Figitciagia pf oerd 49pdEYer sre a?%ﬁ%ﬂiq 1 9%0043]
E: ?glrjsﬁq}egt%ﬁﬁei%e%&gal di agram used to explain the operation of the bias

[0041]  Figure 9B is a signal diafg,ram used to explain the operation of the word line driver

circuit of Figure 9A in active and standby modes.

[0042]  Figure 10A shows an alternative embodiment of only a bias circuitry portion

word line driver circuit in accordance with one aspect of the invention.

[0043]  Figure 10B is a signal diagram used to explain the operation of the bias circuitry
of Figure 10A. '

[0044]  Figure 11 is an illusfrative diagram of an integrated circuit data storage cell in

accordance with a eighth embodiment of the invention.

[0045]  Figure 12 is an illustrative diagram of multi-stafe storage circuitry in accordance

with a ninth embodiment of the invention.

[0046]  Figure 13 is an illustrative drawing of a mult-level sense amplifier that can be

used with the embodiment of Figure 12.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



of Figure OA. [0044] Figure 11 is an illustrative diagramof an i né%gfébs
circuit data storage cell in accordance with a eighth enbodi nent o

i nvention. [0045] Figure 12 is an illustrative diagramof nmulti-state
storage ci rcuitry in accordance wth a ninth enbodi nent of the invention.

[ 0046] FiYOM&08B872% 5 an j||ustrative drawi ng of a nult- PEFAISIEMEMe anmplifier
that can be wused with the enbodi nent of Figure 12. DETAI LED DESCRI PTI ON OF
THE PREOBRBED ENnGoBiehMENEntiGn rovidey i elanteyifted 3irO888Hhat RCEHISORERO599 [ 0047]
The present invention provides. novel integrated. circuitry that can exhibit
hi gh- p%efﬁ‘]’BP?Pﬁﬁ }(fﬂeﬁ‘ﬁ-"%%‘é%m&ﬁé@ﬁi o G0 SgnficeSupRsEe, can

si gni f i subthidshiole lARAgR Shrrerd Ub4 SRibh Aode, laB@KBOD el Wi rellfivaly y node, and
can operate with a relatively |ow (less than 1 V) supply” vol a?e. The

f ol I owi tHep HBsupplyvpkage; Thefollewingdgscriptiayiapresenigsio gegboamy orison skdlfedi n t he art
to mak ' f:] sl ' f; | Lon.are

descri gg?{hﬁaﬁ“ g’t?n r?ﬁecgg%dn%\é%% ﬂé B%nr' !["Ifh 8 E@? app{gitozgjt%il%‘}r?gﬁ%{n%g?%%#%au?

r equi r erepantext Fpestiicutie sppiicgtidne asl théir seicinants. Thpgl desaiptianf greeifior ovi ded

only as_e |l es. Various nodifications to the.preferre nbodi nents wil |
be )r/ea(ﬁpp fé(%taqgnﬁaafee%ﬁov’fi?f??‘ﬁ%gseex@??'éfs'egm?%sW@@F‘F&Sgﬁg‘eﬁ’ﬁgmﬁgneri c principles
def i necknit@tiichts Ve bb ecadidphripaeint 10 1k 8RR A e A dSthaBsheAPRircfiAds ONS Wi t hout

departi ﬁnf om, the, spi ”aé and scope of the invention. Thus, 'the present

| nvent i95fne LR mRK be tpli tocthss cperimerls andappHetiERTUdH VAP ERE. but | s
to be ' [ - &b : . RCI - and

Foat r o B A e B RS0 THf BB ithich S B in @R BURTATT,

di agr ar 8% embodimenty skavay butiis thietacetaded the widagjecapelcbnsist@dwiththec cor dance wit h

a first_. '! gﬁ‘u it he i.pvention. The topol ogy and overall operation of
t he inb’gﬁg‘p@g ate‘liam%%gllséalaséed?lgﬁen' 100 of Figure 3 is like that of the earlier
SRAM cell of Figure IA Transistors shown in Figure 3 that correspond to
transi 408} ofFigiirg drieard ilustetiee timbildiagrani éfanisteaaied cecuiliamstkpetcliat are

i denti .10 the refer e nuneral s.used i.n JEigure 1A and that are prinmed.
Ther ef g?ém FET ?ngﬁgét%é‘?ﬂ?&l?@%ﬁ‘gg’gﬁt%ﬂ}el‘lgveé‘ﬁﬁ‘i‘/eﬂ&g%ﬁ‘ﬁ‘?%’tqﬂgﬁv%ﬂl the prior
SRAM c @bératidn dfitigifreentife 4:8a M&dgé &l1and of Pizupd 3 1401ke it StHe SPRE 8RIAQRN Of the new

data storage cell of Figure 3.
cell of Figure 1A. Transistors shown in Figure 3 that correspond to transistors of Figure 1A

are labeled with reference numerals that are identical to the reference numerals used in
Figure 1A and that are primed. Therefore, reference can be made to the above description of
the prior SRAM cell of Figure 1A to understand the structure and operation of the new data

storage cell of Figure 3.

[0049] . There are important differences between the novel data storage cell 100 of Figure
3 and the earlier SRAM cell of Figure 1A. First, the data latching transistors (m1’-m4?) of
the novel data storage cell 100 are implemented as high threshold voltage (high Vt)
transistors. Second, the access transistors (m5°-m6”) of the novel storage cell 100 are
implemented as low threshold voltage (low Vi) transistors. A transistor can be classified as a
high or low V1t transistor based upon its threshold voltage relative to the threshold voltages of
other transistors in the same chip. The threshold voltage is determined by the combination of
physiéal parameters of transistors such as substrate doping concentration, oxide thickness,
gate width, etc. The use of high Vt transistors in the novel data storage cell 100 to
implement the storage circuitry used to latch data reduces the leakage current. The use of
low V1 transistors in the new SRAM cell 100 to implement the access transistors promotes

fast data read cycles and fast data write cycles. Thus, the data storage cell 100 shown in

10



[ 0049] There are inportant differences between the novel data stor @ZWOOS
100 of Figure 3 and the earlier SRAM cell of Figure IA First, the

| atching transistors (nm'-m') of the novel data storage cell 100 are

i npl enented as high threshold voltage (high Vt) transistors. Second, the
access tr¥AABERs (nb' -nB') of the novel storage cel | PEHYSBAE? | npl enent ed
as low threshold voltage (low Vt) transistors. A transistor can be

cl assi Figage 3adantabi@bly provideyredtcdd lemasesduientiase dachBemgiitik it Ayeshol d vol t age
relative to the threshold voltages of _other transistors in the sanme chip.

The t hFRSuFHoRAD Waife agerss snsedierterdAcRea sBRFdt he conbi nation of  physi cal
paraneters of transistors such as substrate doping concentration, oxide

thi cknp®se]  #tRr b Al idhn iBdstrativd8rcti® BiaPland VAR inl g ftEAGRMR DG Stokd3e t he novel
data storage cell 100 to inplenment the storage circuitry used to |latch data

r educeelk 20D in acsredgacecwitiyassseond Prmbodisisniodf the ipvenyon.t Seamspetonsofthe t he new SRAM

cel J . I LSt onot f.ast. data read
cycl ei_g g?l%%}' %rgfdp g%'?gﬁ %ﬁtﬁfg@%ﬁgﬁ g%t% S@‘ﬂ%ﬁ f:elfif@ Oggf%lrgfi‘%raée een&“g‘%ﬁo 100 shown in
10 27/ G9re2fifding\nortdad ARBSnER Rl dtisag QU390 of Figiiress. rrathistsit d@eaus! y provi des
reduceg. | eakage, current while sacFi_ficin little if_any reduction in wite
access" epEe g}at FREEPR Eoetg@s'étﬁgéﬂj iguye 3¢7° Ighedrdrathasferioe pmerplg 4of 4t i ve

Ci I CUi dre ticABERTD 1B reffieric haBEalk AkdGh m%-hiré 34ad BatSkOIABR prizill 200 in
accordance with a second enbodi nent of the invention. Some portions of the

t opol g@ﬁ and %Eer ation of the inventive data storage cell 200 of Figure 4A
are i Pilcal %dat%?rﬁ%ascﬁgﬁeﬁ) Fgludeythyes Aections. vhgomgydicuitatsactiffior age cel | 100
of Fi GHeiGac ralbianS b ie. SOHR abbhos G SeABn AL RALERROAG hiy LT ansi stor s
of Figure 3 are labeled with reference nunerals that are identical to the
r ef er A€ A taa redess itseitryisectiph ingindeiransistordral amd108.dBtotxge transisiesl.  (0051] The

dat a f age . Q_incl.udes three sectigns. .A stgrage circuitry section
i ncl U(Sféfs) ?’rgaﬁlg‘f\g%tgrz‘igcersﬁ u@ﬁlﬁwslﬁ W&t %'egg%le\/ggaﬁﬁi%r&i g? &¢ti on i ncl udes

t r ansitemeistorsh?-mSragke lowb/t.trafsistoad Ladkagsqureht i6 tidhéed 150641 o useviihimies
transi\ztors. nv .aﬂ% nB. Sforage transistors, m"-nmd" and wite access

transi St GRSSRE10 s stozaes cpyEY sgetien addn thegyrife aqoessrgwilry setion. Bepdi st or s nvv- n8

are | Qiaeads tifab A eIk iPough BRNRGES BW ViSRhsiktors iE AL s&4 35%9%1%@%6 use of high

Vt transistors in the storage circuitry section an ite access
ci rcuiseiipnsect i on. Read access tine is reduced through the use of |ow Wt
transistors in the read access circuitry section.

[0052]  The storage circuitry section includes transistors m1”-m4” coupled as shown to
operate as a latch circuit just like the corresponding transistors of Figure 3. When node X is
latched at a high voltage level, node X-bar is latched at a low voltage level. Conversely,

when node X is latched at a low voltage Ievel, node X-bar is latched at a high volitage level.

[0053]  The write circuitry section includes transistor m5”. Transistor mS” has one
source/drain (S/D) terminal coupled to first access node A1” of bit line (BL). Transistor m5”
has another S/D terminal coupled to a first data node at 2 junction of transistors m1™ and m3”
and to the gates of transistors m2” and m4”. Transistor m5” has a gate coupled to a first
control node C1” of write word line (WWL) which provides a write control signal that
controls the turn-on of transistor m5™.

[0054]  The write circuitry section also includes transisior m6”. Transistor m6” has one
source/drain (8/D) terminal coupled to second access node A2” of bit line bar (BL-bar).
Transistor m6” has another S/D terminal coupled to a second data node at a junction of

transistors m2” and m4” and to the gates of transistors m1” and m3”. Transistor m6” has a

11



[ 0052) The storage circuitry section includes transistors m"-m" c
as shown to operate as a latch circuit just like the correspondi nngﬁﬁ@&OOB
transistors of Figure 3. Wien node Xis latched at a high voltage |evel,

node X-bar is |atched at a | ow voltage |evel. Conver sely, when node X is

| at ched a¥O&3%¥i2vol tage | evel, node X-bar is |atched AETESH@H?vol t age

|l evel . [0053] The wite circuitry section includes transistor nb".
Tr ansi é)éouﬁﬁd td‘@éoﬂ%mroﬁ%ﬁac@i A \wnkihadld Ex%r ('WWE% whied E}o%ﬂieﬁ fefirst access
node Al'" line (BL). Transistor nb" has another SID term nal coupled

to a ant@tcomlalgmid@tmnt@lsjthm@m -gmofgfansipigr®bSt ors ml " and nmB" and to the
gat es of transistors n2" and nd". Transistor nb" has a gate coupled to a

first %dae,ﬁ,[q %é, es a wite
contro SI gng#)uﬁﬁ at co ‘fof?% éhgt 13‘@?3&3#% o‘%ﬂ transi s%%eﬂ{ngw[OOM) The

wr i t e wiltagaiievalyomsthe BLand BlLder lims ivldiebed intribe sorage mﬁmtry‘ﬁecamm Bfoos n6" has
one sour.celdrain, (S/,D), ter,m nal cess,. node AT' of bit
Tre DRPRGT Dyt Rl e o rig S RS S BF B B eo R RS 61 ot o
secondnsiaarﬁﬂsm’dqhawn@ewmqﬁm ha 1h8 Figdt ShPéeBor@ont@dl dodd in and to the gates
of transistors m" ". Transistor m6" has a 11 27/09/2006 WO

03/ osmm%ﬁ@%é/@mgngta%w@sﬁm%lmoglé@btﬁ@aedemﬁpw mbderdco" of the
Wi te ot god doige oY }m@hhﬁm@fw&ﬁﬁ§==ﬁ1ﬁﬁ[18g%§mﬁ W4d BL-vad ignal  that

controls the turn-on of transistor Ing a wite operation, a
st oragsowcéﬁdueﬁmemgenfmzf oy mAcarsigorfieqgaten vémy” andohi alfer dxemples on the BL

pect e b i FytaBt Bt pa TP I vailsh RS G b b BB Rhe o

si nul nﬁglmﬂtagemewaﬂhe ﬁﬂcﬁdﬁﬁﬁh@ﬁbﬁhﬁfﬁihl”ﬂtﬁm&# ardder lw@valtdgenere Mg has t he

first .and se r1 con Jol nodes in comon. Wth nb" turned on, the voltage
on BL Jisligp ﬁém}f . f5 X @mp IRy Provisiep ofadew valiagereyel %Blgat es of n2"
and mMjnd higﬁvbltdg@ lev%deb%au%E'Fatdhﬁigtcﬁg%v@%@ge R%Ela'tﬁl néﬂfcﬂé(ﬁ ged to the
junction of and to the gates of For exanpl e,

pr ovi msmﬁnd”lﬂnéhl?) emd abjgh veltage 16(5?1 aBﬂleawtlbmvf mb’l mdgﬂ”l ®yghgon BL- bar )
Cause t@%éﬂ%tﬁﬁbolfea@ n@opﬁ éf)%ggdt% eﬁéx% J unéftlﬂl%li ?ﬁxg%aannﬂéps' stors

W ool age | on
Oonvemﬂah)a,tumeﬂoﬁxm&pl e, pr OVI sion of a low voltage level on BL and high
vol tage | evel on BL-bar causes |atching of a | ow vol tage | evel at the

J unct I[@ﬁﬁﬁf H%uz l‘jlsf%‘}ﬁ 7 ('r;l}lﬁl uden%rstan secon unt?rlmEs?s?ors m%vel %t the

juncti
An S/D terminal of m7 is coupled to a third access node A3 of BL-bar line. Another S/D

terminal of m7 is coupled to one S/D terminal of m8. A gate of m7 is coupled to a third
control node C3 of RWL which provides a read control signal that controls turn-on of m7.
Another S/D terminal of m8 is coupled to effective ground potential. A gate of m8 is coupled
to first data node X which is at a voltage potential of the junction of transistors m1” and m3™.

[0057]  During a read operation, a read control signal provided on RWL turns on m7.
Meénwhile, a write control signal on WWL maintains m5” and m6” in a turned off state.
Preparatory to the read operation, BL-bar is precharged to a preseribed precharge level
(typically “high”, i.e., VDD). A control signal on read control line RWL turns on transistor
m7. If the voltage level latched at node X is high, then m8 also turns on, and the precharge
voltage on BL-bar discharges to ground throngh access node A3 and m7 and m8. Thus,
transistors m7 and m8 comprise a discharge path. If the voltage level on at node X is low,
then m8 does not tum on, a pre-charge voltage on BL~bar does not discharge through m7 and

m8. Since m7 and m8 are low Vt devices, the discharging speed is more rapid than it would
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wite operation, a read control signal provided on a read word |ine %/ 006
mai ntains transistor nv in a turned off state. [0056] The read ci r% 32
section includes first and second output transistors nv and n8. An S/D
terminal of n7¥ is coupled to a third access node A3 of BL-bar |ine. Another
S/ID ternVR&MOB$72n7 is coupled to one S/D terminal of WET/URIYPAT® of nv is
coupled to a third control node C3 of RAL which provides a read control

si gnal pd ip ey GRRH N Wt devicBs. O sédke MplifieMFiRiult Piot dwvd) RhidddiniRfwidBhet S Coupl ed
to effective ground potential. A gate of is coupled to first data node
X whi cér nosBhtbaphay disehaggedsiod raby pscertain e volisgetevshstered eirmgdeXst ors nl " and
n8". [0057] During a read operation, a read control signal provided on RAL
turns : w&i ' r.al S ' ins mb" and
ng" inl@gsgtTZr nIg 0 %né&%?l?gﬁg%gf@@@%t?e \Qg%érqgltblg%% BL-bar is
pr ec havajtege applied tprgsent dd Adse dtrirgparetdoopetation, mpdé Kad dsglatedfrgmBL i . e., VDD).

A control si.gnal d control |] t t istor W If th
Vol ¢ ag Ao e i T RS o peclf gt rpis i R s RS Mg e

pr echafofage eadl hin@de Mis Blffikiadt t6letOBfesn ind tei-effBfmBhripwdibeaccess node A3
and n¥ and. n8. Thus,. transistors, r,rgri se _a discharge path. If

) ny .and nB co
t he voppgeted thptreadpiropitryeoyld be similarlyimplemeaiad pangrede Xnbar voliass I9R! o

pre-c%ﬁ@%@hﬁgﬂﬁaﬁan@kﬁaﬁsnﬁcpgﬁﬁsﬂa&mfd&%ﬂ)arge through nv and n8. Since
n/ and nB are | ow Vt devices, the discharging speed is nore rapid than it

woul d 12 27/09/2006 WD 03/083872 PCT/ US03/ 09599 be if they were high Wt
devi cd8059A scHsdatasioraseicell cigquite( Q0 pretides ailmyirQuiry ridt Batds spadiset her  or

not B ' e ] t.-al Q- : vel stored at
node b(i &?8153%? cﬁﬁﬁ?ﬂg{ t%‘nﬁ%%?%g’%l? ’e%‘ﬁlq%iogﬁ%gc{n Cﬁ‘fﬁelgg ﬁ%%tioglgfor%;oper ates by
havi n ?1_@1 vudidge [#vel tood lb_argallta%qi?i'e?at rtodeB A rgaltefroh r(rig?hgrgé ?ﬁn vollags ??BlaTL ead .
operatjon,, n is.isolated from si nc s.turned off. us, ere
B o thidieh I TH0S el el i CEE A Sl PR S RETRIBRIGER | ovel ot
node JgpkiatiSitingdlGing A trahsdti ORI @ highWbRace Meveltd allow voltdge MvelB nodd X bkd | be
appreci ated that read circui tﬁ} could be siml arl%mlﬁlggl enent ed usi ng node

X- bar *¢its lflschageet 2 valaspin Blolpn andgwiitp dispkergropaitniemveh AnNBEUs manner to
BL. [ Q50korld1% 1AL itk QARG kil Biok BY 1P LAUEERS o Wik e Ci Tcui try

path that s separate e read circuitry pa r exangle, a wite
oper atandtheistovasl oell dgfa is dhawgediationding todhe wltaged ighel vo Blomd Blebabs t o a | ow
voltage havPlnodl, MG heSd cheralibiTvdlig DRI ol geTeviPid 48R 01 BL

results in a discharge of BL-bar on a read discharge path through m7 and m8. Conversely, a

read operation involving a low voltage level on node X results in no discharge through m7

and m8.

[0060]  One benefit of this separation of write and read discharge paths is improved
circuit stability since voltage levels on the BL and BL-bar do not influence voltages on X or
X-bar during read operations. Moreover, since instability due to bit line voltage levels is
removed, m7 and m8 can be implemented using low Vi devices. That is, read speed can be
enhanced through the use of lower Vt devices without incturing unwanted circuit stability

problems.

[0061]  Alternatively, read speed can be enhanced by using larger transistors, with larger
current carrying capability, fo implement m7 and m8. In a circuit topology like that of
Figure 1A, for example, since transistors m5 and m6 are used both for read and write
operation at the same time, there is a trade-off between read speed and stability. When the

size of m5 and m6 is increased in such earlier circuit topology, read operation can be
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through an NMOS transistor of a wite driver (not shown). ConverseI%, 6@[2006
exanple, a wite operation involving a transition froma high volt aé
|l evel to a |low voltage |level at node X-bar results in discharge of a

voltage on BL-bar on a wite discharge path through an NMOS transistor of
a wite dVPP¥PRTRot shown). That is, BL or BL-bar is dPSERERGE by t he
driver, and the stored cell data is changed according to the voltage | evel

on BL amnproBtd dimrio #s largexcphdictarck, hirabees islariradenffathet thavelage coir at i on

i nvol vi a high vqltage l.evel .op node esults in _a di scharge of BL-bar
on a rgigbaﬁicglbgf%(?@gar %Y%ﬁ“?@?%ﬂﬂwc%%gﬁﬁé{m@%ﬁ r J2fueh e?fﬁerr ead operation
i nvol Vitdi}ﬂlc%yj 1A% eriRd gk a@igent B¥RAIBIOG BIOHA Iie E@ﬁlﬂlsl’bﬁlgé eelno détinsielyar ge t hrough nv
and nB. [0060] One benefit of this separation of wite and read di scharge

pat hs increasgsh @igdeiits largeesite st ability since voltage levels on the BL and
BL- bar do not influence voltages on X or X-bar during read operations.

Mor eov §6062F | NGE codtRbi2fithd dvboliSent OF ﬁ%ﬁre'#ﬂ $5¥Qhd AGedd £t Bbet th Rave! €NOVed, nv
and nB can be inplenented using low Vt devices. That is, read speed can be

enhanc éreasdairgho itprovespeast Tymodly, wiitedperatessspaid ih oade fasidurvriting datawant ed
circuit L 1.&: I . ' can be
enhanc ganég g% %ﬁfé Pér%g Tegafﬂ 3@& E@Wé ?ISQ?%% ts()%u\iilm%% %ﬁ"@r"?ﬁfﬁ B]{': g’?ﬁéﬁgﬁ %g'r ryi ng
capabi Bidcy thetread patH ie desotpled fram thesboragerviranitdyy m T htd th® pradsistpys ¢ankevd hat  of

Figure, 1A, for exapmple, since transistors nb and n6 are used both for read
and w FEERese 5izes pAEOP SienfiRant CovarnapAl e IRwPE of SICh SPp A6 PPeiBhecn r ead

speed afitefdeRPBIL driBL Y8R HeRrags c8l€af 1ckBg@@skel® i S i ncreased in such
earlier circuit topol ogy, read operation can be 13 27/09/2006 WD 03/083872

PCTI USQ3/ 09599 i nproved due to its |arge conductance, but there is a
tr ade- 1063} n dmsame apalicapnsy ansistogs with differepf thepghold oitagescan he psgd gy

dest abit).i74 ' I t :afe : L Ler ol ogy, the
felsforA}Q, WiHe! HEREHAWRALD si%e@fl&ﬂ. Fgfgg(?ﬁgfeﬂn%ﬁg Bm6: f:ﬁ,l s;or%éeé]? ogy

| eakage current fromBL or BL- linet storage ce initely

i ncr eatewsistre (MY’ th nst") ae geplersintes wiftoibe Righesh thresheld agltage isince the legkdpsdi ment  of
Fi gure 4A, _nb.). and " do not -need to have .increase i | mprove
spaed. cursr BRPER e BF podt i AR SRSs bl vhiR R ATE B AirtR, e i nto
t he cehigh Wsiongvoliagadibrdgd syatd) mGiteMrinlsBtol in¥CHirRl théY aptintplanpenesd withl Higlgown BL or
BL- I'i ne. i h h i I f i i

7 gﬁ:jthﬁ%g?elﬂgﬂgz;ggﬁc tregggg}%?ﬂ;gg 1%17 a{1 m%,e scigc%%g spere (r:nantbrc]aeenﬁz;[ngéda ge circuitry,

through larper write drivers (not shown) rather than through a lower threshold voltage. Thus,
both performance and stability of operation can be improved by using transistors with three
different threshold voltages as described. -Alternatively, it is possible to implement m5” and

m6” as low Vt transistors, although an LVgs might have to be used to ensure adequate turn-

off of m5” and m6” while stored data is leached by transistors m1”-m4”, Circuitry that can -
be used to apply an LVyg turn-off voltage to m5” and m6” is described below with reference

to Figures 8A-8B and Figures 9A-9B and Figures 10A-10B.

[0064] Figure 4B is an illustrative drawing of a multi-port integrated circuit data storage
cell 200-1 in accordance with a third embodiment of the invention. Components of the
second and third embodiment cells 200 and 200-1 of Figures 4A-4B that are identical are
labeled with identical reference numerals. The following description of the third embodiment
focuses on features that are different from those described for the second embodiment. The
multi-port integrated circuit data storage cell 200-1 includes a storage circuifry section with
transistors m1”-m4”, write access circuitry with transistors m5” and m6”, a first read access
circuit section with output transistors m7, m8 and a second read access circuit section with

output transistors m9, m10. In one embodiment, storage sections transistors m1”-m4” and
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I ncreased sizes wi thout significant concern about the inpact of Suc?ﬁbé&OOB
I ncreases upon the influence of BL or BL-bar on the storage cell

| eakage current. [0063] In sone applications, transistors with different

t hreshol d _voltages can be used in the storage, wite access and read

access seBli%M¥%2ror exanple, in one enbodinent, storadfTWPURstors (m "
to m") are inplenented with the highest threshold vol tage since the

| eakagevritetmsistots 46 mlghmmmdm m&gcﬁééédlﬂlﬁtpﬁpﬁ‘anbm&&n? e ldskied S Whi ch
or |ow voltage storage state, wite

are regﬁjﬂed to nmai ntain 39
transi Ul s ors 2 en}lﬂ'ﬁfeelﬁ‘@ﬁ{té@“w 9% hi gher threshol d vol tages
than read transistors nv and n8, since wite speed can be enhanced through

| ar ger {0065} © dhé ¥&T DNt SMBVEILERHEER rc;fFf%ﬁPe B &i@féﬂ;h‘nﬁn h@wal 2dgyreshol d

vol tage. Thus, _both performance and stab peration can be inproved
by usi H&Sﬁfoa%mbﬁ%mgnw Frgumf!é@lﬂlaﬁtm @mémnbomme@mll aoarbumhzgesthas descrl bed.

-Alter y
transi gét% gfrldsll%l‘uy °°h§83ég gﬁt &&ﬁlts gﬁéatgmto rngéVEll}se d;‘?“eoﬁgli?eco c}equat e
t urn- ofafl coftrobritie, amz:ﬁfhlombhteolsmmr -atlofttensistbsmd eRobeshriyilatiy ahe b4t or s

- i, can e us to |y an LVss turn-off voltage to
rrB" angioon'gl]m"3 Léesoae%@{ T)CL?&"’%';@IS f’%‘f%ﬁ‘@é uipgt ERisiony B BB and Fi gur es
9A- 9B mleﬂjwmam@eeamlthbagﬁﬁ(}ﬁr&) ﬁhﬂ nfB lirk 1@1@-1hﬁellé&5a'§ Ry vR drawi ng of a
mul ti-port |ntegrated circuit data storage, cell 200-1 in accordance with a

third EigBHAthead ‘é\ﬁlﬂ@:mﬂﬁeﬁﬂﬁéﬁﬁqdﬁcult%mﬁ@mcbﬂwhmmd fwdoampeind third
enbodi FRistopEhd andRP0. 204 S?jg@m]nnﬂfofﬁlﬁkl E@mﬁ%ﬁ@hﬁ%&%@s{] x%dla Agnksgal are

| abel ed with identical rence numera escription of the
t hird katbddiothen$/D Tﬁmuudﬁnﬁns éamaled tcesnet SR tterairel off mtmrkgite tf mnig hose

descri ond The It| ort. inte ted circuit

Gor s o Xathel 8 o Jofiin SEERY S0 TARRIES, sl So s bt et gty ¢

t r ansi shtrols trh-on BHMI. WnbﬁherSID(tﬁﬁﬁna@bfﬁwisrcMuthbeffé@%lgﬁiuﬁﬂS nb" and n6", a
first read access .cjrcuit section with output transistors n7, n8 and a

secondPH@Hal- d-aate of G goypladde sicond dite podectrbaithat isr 3t APlaee pote®l 00 I n one
enbodltﬁ@ ctionl P HaEtSEahP Pml¥ ansi stors m "-md4" and 14 27/09/2006 WO

03/ 0838 PCT/ US03/ 09599 write transistors are high Vt transistors. First
and second out put transistors n7, nB and third and fourth output
transil89e¥l s nthe witp opsrationsnd the SW@?S’P@@@@H@&IM@F&W@EMH 2Bl 1 of the

b 2 B ke B el g LSO AR P 0T PoePlles

t he  Moreover, the read operation of the first access section transistors m7, m8 of Figure 4B is

Just like that of the cotresponding transistors m7, m8 of Figure 4A. However, the multi-port
integrated circuit data storage cell 200-1 of Figure 4B advantageously permits multiple

simultaneous independent read accesses to cell 200-1.

[0067]  More specifically, at the same time that cell 200-1 of Figure 4B is being read via
BL-bar through the operation of the first read access section output transistors m7, m8, cell
200-1 also can be read independently via BL through the operation of the second read access
section output transistors m9, m10. Preparatory to the read operation, BL and BL-bar are
precharged to a prescribed precharge level (typically “high”, i.e., VDD). A write control
signal on WWL maintains m5” and m6” in a turned off state during read access cycles.
During a read operation via the first read access section, a read control signal provided on
RWL]1 turns on m7. If, for example, the voltage level at node X is low, then m8 is off, and
BL-bar does not discharge fo ground. While the example read access via the first read access
section is in progress, the second read control line RWL2 may provide a control signal that

turns on m9. Assuming that the voltage level latched at node X-bar is high, then m10 also
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second read access section with output transistors nmd, nl0 as wel | 2§ (?@2006
additional (second) read control line, RAL2, which controls turn-o 6
transistor mD. More particularly, the cell 200-1 includes a first read
access section with first and second output transistors nv, nB8 coupled

just as i WORPBHPE 4A, although a (first) read control FPCRASP99E. | abel ed as
RALL in Figure 4B. In addition, the second read circuitry section includes

third g dnOatdtthe gedhRigt voltded 68 'mldﬁoﬁ?ﬂg@s 1Biebulill fhroudh a&leBd AREManall of nmd is

coupled to_a fourth access node A4 of BL line. Another S/D term nal of nd

i s couiPand pdlokmsgrsistersinhand 110 eamppise adigehregedpithn St ousthe etberdiead, to a

fourt t 10 : i ' oY Signal that
cont rgﬁ{ g@@ﬁ%ﬁ%&&%;@%%@Pswggﬁgﬁagﬁéﬁg%% %gé;%ﬁﬁé‘ﬁﬁ to effective
gr oundthperdviliagd levehogatde HfbanisQow stherompl dats hot temoanahddatrachoge X- bar t hat
Is at a,volt otent.ial o the junctjon.of transistor " and mi".

[ Goes) OHHE o FE B8 58 icPare® trmtebind ERGHLE S i LRSS BEVe h r

enbodi deeties, aied discBAOing speadl isthed iHidHBadit Vol IS ARBY Werehippse deficdshe second
enmbodi nrent cel] 200, of Figure 4A. Moreover, the read operation of the

first YFOLUIPIHLEeTHy(pelsaowr)srn depmingwhatherpyint BLamdios BLihashavej ke t hat of

the cofiidsRensi Ly S ' i"%‘ﬁ er, the nulti-port

i nt egr at e%ﬂgci rClr}IE%r ata st g?a‘é(g& %F%lg%%{éqgﬁoa#}g&?e 4 éf'advant ageously
permts nultiple sinultaneous independent read accesses to cell 200-1.

[ 006" 7P06Hr e KiguxeidG ig an ilipstrajive frievingefen ditegrated sitcuialpta spoge teld200Fi gure 4B is

bei ng f:ﬁ%g%o\é&a?lc? \ﬁtﬁ Q Q&B%&e{%@? tt%@.ﬁe%ﬁérg Bt_)qcfltlp&%gﬁs Lf the Sech (9’1 access

section output transistors SO Can b€ rea
i ndepegdéntmbhodiment &llis 266 mddito0the FigiaeadA and € thd areddentioal atedalstleadccess

section_out put, transi stor , Q. Preparatory to_the read operatiori, BL
and BLYH e@@”%‘?@‘ﬁ%g%ﬁﬂ“ﬁ%@%?ﬁs 105,028‘%5?15@16! @‘!me(‘f ypical ly .

" hi gh"focuiseston fedial) thatArd it RnCRGH Hdke dssbiiea forAhe \MndBRiolRaAE A" and n6” in
a turned off state duri ng‘read access Céfél es. Duri nig a read operation via

t he fiimperigntdifforsacedpivesn te s 20Qandssll 2003ty bk prebepsart gnipenedddheon RWL1
t LE, for ; , ' then n8
2 o R0 BB ERD: (O RARe LAC sl Rty B 8, L0

is off, a arge-"to groun e e exanpl e read
acces smppdintehiecell 20&-L adwathgaaskyssduceswtliasma. i s in progress, the second read
control line RAL2 may provide a control signal that turns on nB. Assum ng

27) 00l 96" VR B G Slonls ot il @it ar mson b Fofilo sl ™ O A1 50 15

embodiment makes for a somewhat different write operation than that of the cell 200 of the
second embodiment. Specifically, during a write operation, a storage value represented by
the voltage level on the BL line is latched into the storage circuitry section. A write control
signal is provided on the WWL line that turns on access transistor m5”. With m5” turned on,
the voltage on BL is provided to the junction of m1” anci m3”, and to the gates of m2” and
m4”. For example, provision of a high voltage level on BL causes latching of a high voltage
level at the junction of transistors m1” and m3” and a low voltage level at the junction of m2”
and m4”. Basically, the high level voltage applied to node X causes m2” to turn off and

. causes m4” to tum on, which results in node X-bar being pulled down to a low voltage level.
The low voltage on node X-bar, in turn, causes m1” to turn on and causes m3” to turn off,
which cause node X to be pulled up to a high level. Conversely, for example, provision of a
low voltage level on BL causes latching of a low voltage level at the junction of transistors
ml” and m3” and a high voltage level at the junction of m2” and m4”. In essence, the low
fevel voltage applied to node X causes m2” to turn on and causes m4” to turn off, which
results in node X-bar being pulled up to a high voltage level. The high voltage on node X-
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turns on, and the precharge voltage on BL discharges to ground thr 022@9/2006
access node A4 and nD and m 0. Thus, transistors nD and m O conpri

di schar ge path If on the other hand, RWZ2 provides a control signal that
turns on when the voltage |evel on node X is high the and voltage |evel
on node )(WQa?i”O*f3§72I ow, then mlO does not turn on, and aFPSF@5¢4¥%8e vol tage
on BL does not discharge through m® and m0O. Since m@ and mM 0 are | ow Ut

devi C eBar, infterngdanads an1¢fite tis pff enll dagseqn3E to typi oh, thinh ceusewodd Xtdlee i f they were

gh Wt Sens lifier circuitr not .sh own det er,m ne
whet hepulii SH5E Vst oAy ay DRRnaAWT coumiet sitd it S e FRRGM BLEHT 27 ¢ e
vol t ag@ ol EHRIFEWE bR SindkaiRBe f7 % @ finel-d¥tdtate.[ Q&R bpéragas 1 tA&kdlls an
illustrative drawing of an integrated circuit data storaﬁ,‘%cel | 200- 2 in

accor daet2 ofFignreAG enprates o vwayres 2 sfadioreration el gA0-1 Feths of the
second and fourth enbodi nent cells 200 and 200-2 of Figures 4A and 4C t hat

are idgmtymcagﬁuﬁeh?our 6 flustith ik AR B0E £ Bhiek RreRROBRIMKTN dksstorle fol | owi ng

descri pti on f ocuses on features that are
differ eaﬂzmrhmaBM@cmshmﬁﬁbdmbmhmpM@f thedovedtiemifouineaents ofAbe thirdpor t ant

di ffere bet i r of only one
of the™ b ?&cﬁ’sgﬁé ?%(f&?sf?r}%@g f"+ 4‘%%@-@# 1%1&‘3152 aﬁlﬁ%&?}@y one wite
acces Swith aibﬁh@l faferbﬂa:e nt@efaBl Théfollewhgdesteiptiorcef the & erﬁbcalﬂnmh ﬁmgﬁe usly
reduces ceII ea 069fmgr1£ use Q{J SI n {)e acge a,?ﬁl St nb" in the

cel | 2¢miestugss 58 dAcHpe e e 8 F er ent wite
oper at cﬁ‘[‘céﬂt}ﬁ" Oéﬂi@h})%fambﬂl%s 06 lihal 248 aélfesé sJ%@tmn§ EROMe FRaBIrdEeNt

SpeC|f cally, during a wite operation, a storage value represented by the
vol tagembceiuemtm\lltrn@t gll 200rieofiFigure #B1andi 2 PRe-BansHIOT SR 36GES EFWEY t ry sect i on.

Awit d access
transé?%?% e(ﬁl{t’t%&%qd@urng%bégﬁ?o g&\?o tageréé(glﬁanglim{t%(w#dgé?ggd to the
junct i the fifth enibodlﬁieﬁtd’eﬂZDO-awdee)applr@myaimmlfedmussmndbow"fhus:ﬂre exanpl e,
provi si o of a volta | ev causes | at chi ng gh vol tage

| evel ‘f??é" ‘iet}geggdc?fmﬁﬁs ﬁ%ﬁ%?@t% Etalsoﬁw ea% Cda“ssa @bﬁ t‘age | evel at
the j uaﬁtgpgarpf n2" and nd". Basically, the high level voltage applied to

node X causes nmR" to turn off and causes nd4" to turn on, vvhich results in

node X-bar being pulled down to a | ow voltage | evel |.t age on
node XOBZH K willalso be appseciated) that the mﬂpﬁoﬁﬁagﬁﬂ’rﬁﬁé&zc’m gw?g h of f,

whi ch ﬁi@uﬁﬁ 4BAAA 4D grettﬁta%tsé&@ BM@B@ ﬁt&)@arte@d/etdwﬁeeyeamky for

exanpl'e;” provision o l'ow voftage | evel” on BL causes | atchi n% of a low
vol tag@oﬂsethﬂ)atfevtdndaqadmeﬂtaremqmredtfpmsdswdmtesms agertltaBip axericaq bRi gh
vol t ag . eve4 8‘{ the junction of m2" and m4". I n essence, the low |evel
volta "%t o node X causes n2" to turn on and causes n4" to turn off,
whi ch

[0072] It will be appreciated that the cells of Figures 4A-4D can be implemented with

transistors having threshold voltages tailored to achieve a desired trade-off between access
speed and leakage current. The storage section transistors m1”-m4” of a cell in accordance
with any of Figures 4A-4D should have Vt values of higher maguitnde than Vt values of read
access transistors of the cell. The Vi value of write access transistors of such cell relative to
the Vi values of storage section transistors may vary depending upon the particular
application requirements. For example, the following Table shows possible combinations of
relative Vit values of storage transistors, write access fransistors and read access transistors in

accordance with the invention.

TABLE
Storage Section Write Access Read Access
Transistors Transistors Transistors
Case 1 High Vi Low Vit Low Vi
Case 2 High Vit Intermediate Vit Low Vi

17



results in node X-bar being pulled up to a high voltage level. The 27@/ 006
vol tage on node X 16 27/09/2006 WO 03/083872 PCT/ US03/ 09599 bar, i r?
causes m" to tamoff and causes nB" to turn on, which cause node X to be
pul led down to a [ow level. During a wite operation, a read control signal
provi ded WRY'$8Z2d word |ine R\ maintains transistor BP0 ur ned of f
state. A read operation by the cell 200-2 of Figure 4C operates the sane
way a$ a reamge pperatfi on gt 20D-1 ofidsigure 4B, [IQR«O] FI gure 4D is an
il lustrattve drawi ng of a nul ti-po |T1tegrated circult data storage cell
200- 3 [WTWCOCQ@@%%})M@MMJ&EMMH% aﬂtﬁﬁe%ﬂe@é}m plconponent s of
the third and fifth enbodi nent cells 200 and 200 of Figures ‘4A- 4D t hat
are i défh@n EHritegyasd Jinmis eadbledwinepificel bratnudsad winks word hecesignahis epplisd, afthe f ol | owi ng

descri t t di fferent
fromt gétg%spge%hfe& Qn?ﬁggt%%'%nﬁggggﬁaﬁ%&%ﬁ% “Iagsg%‘?f?“ gell of

Fi gur ethélaeld:tmimstme@‘or besnghiain Rigiad 4Ac vkasX deack lown Bll-bdcds dikvhtrged the third
enbodi L, - pO ell 200-1 of Fjgure 4B and a gne-transistor wite
coes s TEeh fibang RS fEshareeR BLcestouldemahman o ear 880. 2 of Figure
4C. Theper£. BRExiehi SIBIOPR athRENnS Bepehdd@nithd fullsesBOGndBRie@bld 200-3 Wi | |
be appreciated fromthe discussion above. Thus, the nulti-port cell 200-3

f eat ur‘é%fag%%ﬁ}h%‘éfn@élamapfeEh%mhtseathg@ub@wrﬁth,éhqlé@@r Blbasdischygipgadsbt h BL  and
BL- bar ta storage
cells %18%%% anedl%eg%ﬂ-léh’d?algégfﬂures glg%%%ﬁm&ﬁarﬁéﬂ atacflérﬁ'B g \?h'gp , BL and
BL- bartjae flweshold adltape df thelvtrﬁetuqumsmrnaingl BLGen ssalinchmigéd/lessfdneer snihdiba | i nes are
r equi red for. reads d es. a _result. ea can.b f rther

F educearepg tpany of e kit irai®: thiee FhbRellr S SR forate wa 4p can
be i nphgeidt, &l (of Bh-baf)isless dichirged iy the givieh peisdaidh, vad Hhag e&s tidideqi ed to
achieve a desired trade-off between access speed and |eakage current. The

st or ag¥edwde prsrhargethe bit ting to apertaipdevelsuchas¥dd i n accordance with any of
Fi gures 4A-4D shoul d have Vt val ues of hi gher magnitude than VWt val ues of

read [BOLASS AkS E‘l%te%ﬁr\ﬁ OPPM‘t}Sest d sectﬂﬂ%'aﬂilst&@ o Ehe i fehi NP PESS S
transi stors of such relative o the Wt val ues of Storage section

: re an5|r NMOBstoreae seatiop ﬁ@@ﬁ%ﬁ‘ﬁl Ber cuproples thePMAS taegedfatchp prasistors way o
ul | | S
g fgv%moghﬁgyéﬁéggﬁg@ss e 5% @At@%&%t 28t e SUAOVEIRG a% £VEQ

Ive anS|s ors, wite acC ansi stors and
r ead akfods slt shoalidiesmderstoodithat the embodiments of Figures 4A-4D dlsclose NMOS

type write access and read access transistors, and that their relative Vi magnitudes are

compared in the above Table with the relative Vt magnitude of NMOS storage transistors.

[0075]  Persons skilled in the art will appreciate than although the embodiments of
- Figures 4A-4D show example connections of a read access ;sections, different connections
can be employed conststent with the principles of the invention. For example, referring to the
embodiments of Figures 4A and 4C, the gate of output transistor m8 could be coupled with
node X-bar. Alternatively, for example, an S/D of output transistor m7 could be coupled to
BL. As yet another alternative, the gate of output transistor m8 could be coupled with node
X-bar, and an S/D of oufput transistor m7 could be coupled to BL. Also, for example,
referring to the embodiments of Figures 4B and 4b, the gate of output transistor m8 could
be coupled to node X-bar, and the gate of output transistor m10 could be coupled to node X.
Alternatively, for example, a S/D node of m7 could be coupled to BL,, and a $/D node of m9 |
could be coupled to BL-bar.

[0076] Figures 4E-4F are illustrative drawings showing precharge circuitry

configurations for cells of the type shown in Figures 4A-4D in accordance with
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accordance with the invention. TABLE Storage Section Wite Access /2006
Access Transistors Transistors Transistors Case 1 High VvVt Low Vt L

Case 2 High Vt Internediate Vt Low WVt 17 27/09/2006 WO 03/083872

PCT/ US03/ 09599 Case 3 H Wt H gh Vt Low Vt [0073] Case 3 can be

particul aVPY3R88R2ul in reduci ng power consunption. For PEXEAPE?? when a
wite word line is enabled, specifically a pulsed wite wordline signal is

appl i esmbadlithent$6f theinbénfibs.| Spcoifisaldy, Ciguesem-gnsianceBl > bPéohBhr-Pagml 1S

di scharged through a wite transistor and the cell transistor. For exanple
in Fi g?.F?lé" FRcolppam’ sEggrm pEan ifystragiye PRAM agray; HigwreFedows BELEgh n6 and .
The di &rbRE z 1 C gad. operation.
The exone. o Priopaiadehing 1 0%, RoR T ERE RO TRERE I 3 (6%t pLOREn, 7

t hr es hesiugled yaoprecigegedfantifier my-nt Fhe gaessif sipel andTien bwrcgepled dodhgmipse wi dt h, t he

| arger_BL-bar_discharging. -And hi t he threshol d voltage of the
wite r%énr%}lﬁe ?Wa%sﬁggesdnrf&r F‘S‘gurgﬂi“%ﬁqwsﬁlgﬁ-ﬁaélc&qpﬁeéﬂo Wie gettFFé‘S’tS'i‘?? eshol d

vol t agepaf aidwhows BLeat-h d\ple!te preblarfd @hsisBt mpar. Tise ghtesstha)-0Rd | ess due to
smal | er chjrrent, drj vi ng,cg&gbl Iit){ of the transi,stor. Theref,(_)re, a high wt
t r ansi OUBled fasreerivp YRRE L signalfhatican sqlqehinely Surp po mp; I°(The gpie obgIp)R i | ess

di schagpgsdd fdeed: SN | : Jess charge is needed to
pr echar ggl thdejlr%gil‘f@‘}iﬂbne téﬁgiégrcﬁgﬁ&ﬁggg%%ﬁpgs' vdd. [0074] Al so, note
that Vt of PMOS storage section transistors can be different fromWwt of

NVos d08F73ge 1 wili boappiaciated itat by the preehargoinepitn configgratve i Rignresyy-( | at ch)
transi AR | 4: transistors
of theﬁég%ghdgﬁ? my%ﬁ%%&g&{tﬁd%%ﬁ)f%%’%{}ﬁﬁﬁ@gﬁ%E%gﬁuar{nsk g)}f%%od that the
enbodicesmected o rabsisiorns ep-Uakd 4ip-nl mrscéspe@ivblyoBupltd o BDirbar kard Riebs-mind r ead
access..transi stors, .and that their relative Vt.,nagni r onpared in
t he a?d%'ge%i:bi'g(ew ,ﬁrrapﬂ%togs&pé{ j A0g mpen r?ﬁ%‘???ﬁeﬁtbvglyoqﬂgﬂﬁ&d@%?a&gén‘fr gﬁsi stors.
[ 0075]BIRPp4rs0R Figilte 4 Theivde bitilvd Singe blecRRpd RkisibLpdr BAPaid bt Haunabr t he

enbodi ments of Figures 4A-4D show exanpl e connections of a read access

sect i 8FRS opgratiprsTegtiredesh plap Mhemeomnagad Wit earisr Birekrgeomsiéient with t he
princicgh@srfont e i nvention. For exanple, referring to the

[0078]  Inthe precharge configuration of Figure 4E, all precharge transistors are turned
on continuously, there are current paths from precharge devices to read transistors, from mp-
1 to m7 and m8, and also from mp-n to mn7 and mn8, for example. Since read access
transistors are typically larger than latch transistors for read speed improvement, power
consumption due to short current can be larger than that of conventional SRAM cells shown

in Figures 1A-1D, for example.

[0079]  Therefore, a precharge circuitry configuration such as that shown in Figure 4F
can be advantageous since precharge transistors coupled fo bit lines can be controlled
sclectively. During a write operation, all precharge transistors are turned off. During a read
operation, precharge transistors for a selected cell or a selected group of cells are activated to
sct the bit line or bit lines (e.g., BL-bar) to a precharge voltage. If the precharge transistors
are PMOS, then the precharge voltage is Vpp. If the precharge transistors are NMOS, then
the precharge voltage is Vpp - Vin. After the selecte(i bit lines have been precharged, a
corresponding word line, WWLi, is enabled. A given enabled read operation bit line remains
at a precharge level (when its cell data is Jow and its output transistor m8 is turned off) or

discharges (when its cell data is high and its output transistor m8 is tumned on).
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enbodi nents of Figures 4A and 4C, the gate of output transistor 2{6@/2%6
coupled with node X-bar. Alternatively, for exanple, an SID of out%

transi stor nmv could be coupled to BL. As yet another alternative, the gate
of output transistor nB could be coupled with node X-bar, and an SID of
out put t r¥REEPER nv could be coupled to BL. Al so, for PEXHMHE referring
to the enbodi nents of Figures 4B and 4D, the gate of output transistor nB
coul d IpgsopupITae sdl@tineptechirddabntrd Bignilh Gandtabr A uﬁhlédmﬁtduhﬁgiﬂz‘éhéﬁor n 0
could be coupled to node X.  Alternatively, for exanple, S/ D node of nv
coul d BRETEIGAT &8 beor mlsed sigaelphasing afyficient PHEP WIéBUP aresbargﬂhbbléhnq o BL- bar.

[ 0076] SuLE I t circuitry
configadr:%tionze‘ég?‘ﬂ{élgﬁiﬁfpdge th?WP{e% Ong?% uresglziﬁ?ﬁ%%ﬁggccordance
with deiznes @@Gﬁon mwis/ao@ﬁamammnmsmeﬁp@amma na@se sargin the

I nventi,on. 1 fic - m- | '

ol ©- ni8p QALY S kdifceptigtal B cdte imiRd sFt b Sue b Rul pngsr e e
shows Blirﬂlmatb@.rWh@gﬂﬁJhﬁ@e tiengit@ € fa bgerdlle@bp bRtz Bmal fulseSthe rda@W M

pr echar ge colunn 1) and shows, BL-bar-n coupled to precharge transistor

I émB‘F’V?de‘le to faeeh piepal 5?‘@1%’61?5‘! @@e%gle’feﬁﬁﬁ oypnapatiytee mp-n are
al Vﬁysaﬂ:ﬁ!&ﬂ@é’t}f@lﬁg&l'ﬁe%ﬁnéf 1s§gtﬁ¥9§i ﬁhéo@ conQtiied G&Pbe%(ﬁfégcf‘&&%t ransi stor

np-1" and shows bar-n coupl ed recharge “transi stor -n'. The gate of
mp- 1 |%16Bh@uq@tl@noﬂcaﬂﬁlﬁ@eﬁhs'@tcastpﬁm;glmogmwltfhat can sel ectlvely turn on
np-1'. The gate of np-n' is coupled to receive a PPREn signal that can

sel ect joggl)y e stratby@ Wit dlégﬁgbkﬂifgge%d%ﬁeﬁmrecﬁgé B o

prechalrge “ci rcui conf i gurations 08 transistors
ar e coXhsateddannd ylﬂu ;] smtineanﬂloﬂmiennﬁ‘ thdiaventive aThetaegscell 2ahwhaltor s are

connect ed. Transi tor 1 an .especti eI co ed to BL1-barl
and BLY 6%1'0}]1#)(2211681} égﬁgﬂ dle%ﬁ'gy% ‘g’ﬁgﬁ"%ﬁ”é‘}l fé‘?ﬁﬁoﬁ%ﬁ’w are
r especthi btefage CiBhyETY dnd oBlplit S¥atch c@nd] c:%mt%&ﬁhb}ﬂoﬁpﬁyﬁlﬁnﬂﬁoﬂhe use of

only a-sin precharge transistor, per_ bit pair of cell for read

oper at ﬁt‘&?ﬁ%gX@ﬁtﬁ'i"F?’@eP sTb@WF%aﬁmﬁﬁﬁ“%%@ﬁ@éeW@Pﬁé@rM1seMz Meendige circuitry
conf | Otedhy? Bhitch ol rodifty bR o REBARAL BB GARMGU TR ol hisdH] ikt 45 al |

precharge transistors are turned on continuously, re are current paths
f r om prizsuitex2§éncheles owpnttansigerd MGadMBt ors, fromnp- 1 to n¥ and n8, and
also fromnmp-n to N7 and M8, for exanple. Since read access

[0082] The storage circuitry 22 includes a first NMOS transistor M1 with a drain coupled

to a supply voltage Vpp and also includes a first PMOS transistor M4 with a drain coupled to
an effective ground voltage Vss. The storage circuitry 22 also includes a second PMOS
transistor M2 with a source coupled to the source of the first NMOS transistor M1 and also
includes a second NMOS transistor M3 with a source coupled to a source of the first PMOS
transistor M4. A junction of the sources of the first NMOS transistor and the first PMOS
transistor comprises a pull-up node labeled “A”. A junction of the sources of the second
NMOS transistor and the second PMOS transistor comprises a pull-down transistor labeled
node “B”. A gate of the second PMOS transistor M2 is coupled to the supply voltage Vpp.
More specifically, conductor node 27 couples the supply voltage to a gate of PMOS transistor
M2 so that the supply voltage biases the gate of M2. A gate of the second NMOS transistor
M3 is coupled to the effective ground voltage Vgs. Moreover, conductor node 29 couples the
effective ground voltage to a gate of NMOS transistor M3 so that the effective ground
voltage biases the gate of M3. Gates of the first NMOS transistor M1 and the first PMOS
 transistor M4 are coupled via node 28 to the storage circuitry 22. A drain of the second
PMOS transistor M2 and a drain of the second NMOS transistor M3 are coupled to provide a
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transistors are typically larger than latch transistors for read Sp?ﬁg?]QIZOOG
i nprovenent, power consunption due to short current can be | arger

that of conventional SRAM cells shown in Figures IA-I1D, for exanple.
[0079] Therefore, a precharge circuitry configuration such as that shown in
Fi gure 4PYO&3PB3¥8 advant ageous since precharge transi sESFASEEERIPed to bit

| ines can be controlled selectively. During a wite operation, all

pr echagtgRgé ficdeS0.S Aeuslly2 irfa preseReniidfmenDabdd22 And S8 BehaPPR AlidgMhoder eCchar ge
transistors for '‘a selected cell or a selected group of cells are activated

to setd/Phefthe stomgaarcyittyFlt In prderdo slerap digil sipagd yalpe tungisters kMg vol t age. | f
the pr I | ; : is VDD. |f
the prSoharedo bR SirdicnodBabrli ok I8 i BLESABE AEIR bR ° oo .

Vt n. Algde28tdhengtbt mosteebehi datd wrilesydlave been precharged, a correspondi ng
word |ine, WALi, is enabled. A given enabled read operation bit |line

remain t [ [ | evel .(when,i.ts cell data,i oW, a its output
transi @P %33 nBaTIPeslg&E?Vﬁg% S %{‘Sﬁc mtra’ir}égﬁzutdﬁselgp‘(tvﬁgﬂﬂ?@%gg%la Stais hi gh and
i tS oudoptte/diaim(SEDpemiinalBouysled td/af @thubide 31 InPWHR D b2ORES/DARIZA1083872

PCT/ US03/ %3599 B%}%@] Tge sel ective prechar %e_control .signals can be al ways

t ur necCoYAted i 5ad sepabodpment gt pods 34 ds partRfiaa &vpuERgihl s having a
suf fi cdofRk coMbridhe B Ihhel Wi (BG AY GRaddie liﬁje.tAlgja@%ftrE&Es?arW fs%ﬁaéééfw during

t he pul se duration. \Wen Erecharge transistors are always tur on during
a r eadospevanivaic contielsignak In thafirstembogiateht, therwritg corttus] sigealiisopferred | on but a

o noe ‘B Pram EEREAR) 1B h @0aAR ARl Mo PR ARIRES,  ohe <t or

are caievical | ed by precharge signal pulse, the read speed can be inproved
due to larger signal devel opnent (when there is a current path, the

anplit of signal. devel o nt Is ced and power su i op can be
reduce@&’%&e tf)hetgﬁ R SkE ﬁ%‘ﬁ'}[{)‘; ﬁﬁ%]fﬁ%ﬁgﬁ‘?esﬁaﬁ’ﬁg%élﬁls%gﬁg 8¢ si‘gn

conpl eitittsyD trRGRIS MEV Blbepld ioth@dTfdctivd\ebindiVy anialsédbnll S gt ¢Ff an
integrated circuit data storage cell 20 .in accordance with a sixth
enbodiMre#conpled ig@ frstpdd tsrainal g6 s Thy offretivegroundgervarasaghischarge pathge
Ci I CUiglfiNe *eddind ic RGBT j T i | B Eaf ormati on
For sty Cefink SRtio R C1gRATM SplLBHbR h SloiityD bribENER O

ci r cuiconpledt® apjaitpt node pt b thenfinst eneticidoment, Sheomngmit bydet 33ds parbofzgst cel | . The

Sui 1 R ST Koo o 2 Bk ORGSR tonalfere B o Biee Mar ORI put s ch

cont r die storage circuitry 22. A gate of transistor M6 is coupled to receive a read control signal.

In the first embodiment, the read control signal is referred to 2 word line-read (WI.-R) signal.
In the first enbodiment, transistors M6 and M7 are NMOS devices.

[0085]  Precharge circuitry is coupled to provide a precharge voltage to BL-R. Ina
present embodiment, precharge circuitry for storage cell 20 includes PMOS transistor 37 with
one $/D node coupled to a Vpp supply and with another S/D node coupled to the BL-R bit
line and with a gate coupled to receive a precharge control signal. Alternatively, an NMOS

: precharge transistor may be employed. In one embodiment, the precharge control signal is a
constant value signal that maintains transistor 37 tured on continuously. The method of
operation of such continuously turned on precharge circuitry embodiment is like that
described above for the embodiment of Fignre 4E. In another embodiment, the precharge
control signal turns on transistor 37 only during read operations. The method of operation of
such selectively turned on precharge circuitry is like that described above for the embodiment

 of Figure 4F.
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circuitry 26 includes output transistors Mo and M/. [0082] The storggfo / 6
circuitry 22 includes a first NMOS transistor M with a drain coupl ?goéj
supply voltage VDD and also includes a first PMOS transistor Md with a

drain coupled to an effective ground voltage Vss. The storage circuitry 22
al so i nclVB&Y882econd PMOS transistor M with a sour EETEEHHPEY to the
source of the first NMOS transistor M and al so includes a second NMOS

transi $e0s6] VB Iwwmme&n@asw@ﬁhﬁwme@ﬂmmm@nw§ﬁe 8f orllhelrdchbrg Pl
transistor M. A junction of the sources of first NMOS tranS|stor and

the fi P&istospgesell ﬁ%‘?ﬁ@(ﬁmcé@ﬁﬁpn%@éh&e @BH-R) i3 pseddelecafl stoeadadata Anly A j uncti on

of the S0uf BRSocP éle@ W@

tran3|gtor comg:rlgtglte&l £ ?ﬂ% own rptr nsi %%Eocqffe%rbl%%{b% ggﬁ?[]%"u?’l\f%gate of
t he secln drepmltnred asd k:Saxroweﬁlswenmp irechbnhertivh evith ppeoharging bf BigkneyDD.  More
speci flfo('i‘_ perg&nductor node 27 couples the supply voltage to a gate of

PMOS trans I'S R2 so that the supply vol tage biases the gate of M2. A
gate of the second NMOS transistor M is coupled to the effective ground

vol t agi083s. WmnamﬂrMIMMiuﬁﬁefﬁraﬂllpd@laﬁan CaulNias ot dy@ivaRhthyetdakyre ground

voltaeto NMOS t yr.ansi st or that the effectiyve ground
vol tag gfa?aﬁ%w@%& disgpe re"@élﬂee@mbwg Pﬁ‘ﬁ’@“ﬁrﬁl%%wrmﬂfﬁﬂ%é"ragf or M and

the fi elﬂfandaMéﬁ tranbiBtefl $h predht aﬁs‘oc&ﬁ&ﬁlmm fre MRHG #fhshsRrd h@mﬁsd@r age
circuitry 22. A drain of the second PMOS transistor M and rain of the

secondiragssor israiepletieniranytios ifidhetansiston istturnpd ovévga whe e 270050066 WO

enbodi FARE: CHeRES o SRR, AR fur by Wiy SUBBE BN, . o1 age

ci r cui inpprii. in the tensistor’s chastad ragicen sdelgthbiodtrosg ¢hiaahel vedduetiontceabsi st ors ML- M4

cooperate t ogage no at a l.ogic |level of the |logic

val ue zf:)cﬁlﬁav Y B’r\%%}n‘;ﬁ:‘?\; qﬁ‘ﬁégﬂﬁl’qﬂ‘r’é‘ %%‘ftgrr‘@&?ﬁi’m&'é 4%rite cycle.

[ 0083] impltihgthipe Sirbiinetes ﬁpﬁﬁé fr&lmsﬁjr’fs%ﬁhﬂn'éb’reéﬂn kit §BorgtRMinet r ansi stor Mo

with a first saource/drain 5) termnal coupled to an i nput node 31 and
Bh

with acongduchinncayly qe@ﬁmdﬁam% Y- 1A eyt enhgncgment trpnpisier 45 thesterrerbodi nent |

i nput gﬂ@ t
i ne- V\}Q?ﬁh@ﬂcﬂ ﬁgéél ct or ﬁﬁ%&m@% ga egm’?’&@l({ ansi s‘{ﬁgéﬁ%&g&lﬁgpl ed. to
recei vie chanm thestatrorftamolie withinalgiveh nintilgecdnbtrant batimoihigradadeer dubrentuliant € cont r ol

o ol B kT b 23 By P 1171

voltages are depletion transistors while transistors having higher threshold voltages are

enhancement fransistors.

[0088]  Transistors M5, M6 and M7 of the first embodiment 20 are ‘ordinary’
enhancement transistors. M5-M7 have higher threshold voltages than M1-M4. To improve
read speed, M6 and M7 are recommended to have lower threshold voltages than M5,
although it is not required that M6 and M7 have a lower threshold voltage than M5. As used
herein, the term ‘ordinary’ enhancement transistos means that the transistor is in an off state

when a magnitude of a gate-to-source voltage of the transistor is zero.

[0089]  In operation, during a write cycle, a logical 0 or a logical 1 digital information
signal provided on input node 31 and on the BL-W is passed by transistor M5, causing the
storage circuitry 22 to store a digital value representing the information signal. During the
wn'te cycle, transistor M6 de-couples the storage cell 22 from the output node 33 and BL-R.
Following a write cycle, transistors M5 and M6 tum off, isolating node 28/30 from the input
node 31 and the output node 33. Following the write cycle, the storage circuitry 22 stores a

logic value most recently written from the BL-W line via transistor M5.
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[ 0084] The output switch control circuitry 26 includes output transi ?2) 006
M6 and M7. A first S/IDtermnal of M/ is coupled to the effective 3

Vss, and a second S/D termnal of M is coupled to a first S/D term nal of
M. The effective ground serves as a discharge path during reading of

| ogi ¢ | evB¥P 0308 Bnal s, as expl ai ned bel ow. A second S/ BCTEPWHE® of M is
coupled to an output node 33. In the first enbodi nent, the output node 33

i s part[06§0)a Hihbperhiiore durac &l cyle, aomd trabsistors Méeand M Yabperatt td effesi st or M/

[ | ed h t d 0] th . Ci ifr) . A t f
{r anei apal heSuBtgRadt: St BERovul s SR e d ket ARe ne £ ot
enbodi n@fkstlyishfed SABraRNbIOIS/ T GNRE sthidgd SFRIHED. Chight Waksthtdr Meisr ead (W.-R)

signal. In'the first enbodi ment’, transistors M6 and M7 are NMOS devi ces.

[0085] tmnedprdusimge@iread Ayveley Howevasithe enfoff stajgrod iieatpat pamsisteaMdalusiag ¢ age t o
BL-R | r W . | ' e cell 20

I ncl udelga%d raﬁi?@?ggéjlgg% \}n\%vfi hﬂ&%ﬁ%@é?%toﬁ%%gﬁg%%%i%?gﬁtgf po supply and
wi t h amichiay 25/ Morogecificilly] fod etampld) i dle-eRbbditnent afties iaveskiion whena gat e coupl ed
to receive, a .ptechar.ge.control si ~ Alternativel. NMOS precharge
trans: St e el EighRn fathd fom S R shteataroteciibii 22 ReRgE R ont rol -y gnal
s a ciBdrgdo _FY&ina%f 8 btthbrgk RaltagiBh HeARINR Hit' il Firshditraddistbrvined on
continuously. The method of = operation_of such continuously turned on

pr echarbgeans Mg is wmpd effisha iiepproyigioniok a lagieat 0 sigeal iy it gafe byReAHoRRR t he
nbodi : ' ' trol
embo "E%B&mg&gﬁ a%ﬁ.%&%%&gﬁ?%%%eggg@egﬁ ¢ RU&EG LGS reG@NT T O

signal turn transi st or perations.” The net hod of
oper at ifomn wfde 2830 thesstiragetcirvalry 22 theredel a disclprgecth grayed of 2 preicharge i s | i ke t hat

descri beg above for .t i fent. f Fi,qure 4F 1 27/ .2006 , WO

057 b aa TS piiefiodk 35 o e Be B e, Mo e AR Iy s e BEY i R0,

enbodi marte Bfthdprovicn of 2 Dalal DEignaplodthateds the Aeragdeide 38/00.age cel | |is

enpl oyed, since only one bit line (BL-R) is used to read stored data. Only

one bit _line per storagge cell L-R) has t recharged to.effect a read
oper at 18H1T T heieusd O e piele. » sonpe e s B0 PR SRt HE PES s urred. |
connecichfBe Witafe 6 86 BRIR bA UndhasHeén ditdh@Fed Hedugh @askiRGS Mldn@ M7, THR087]
Transi stors ML-M4 are preferably depletion transistors or equivalently

> | eaky'sense pplifies pesatves asanBitsa wilgge lavel g8 eutprienode A3 ad@lFandal§epl et i on
transi ' . Ky- i st I .present
20! | DS LY o SHDABSAEPI A0Sl b
indicative of the relative voltage levels on BL-R and V. I the logic level of the digital
information stored by the storage circuitry 22 is logic level 0, then the pre-charge voltage on

BL-R will not discharge through transistors M6 and M7. The relative values of Vi and the

BL-R line will cause Do, to have a first sensed value. Conversely, if the logic level of the
" - digital information stored by the storage circuitry-22 is logic level 1, then the pre-charge -
voltage on BL-R will discharge through transistors M6 and M7. The relative values of Vier

and the BL-R line will cause Dy, to have a second sensed value.

{0092)  The Vyrlevel is selected based upon a tra&e—off between read speed and noise
margin. During a read cycle, for example, if Vi is set at Vpp-Vy,, where Vi, is NMOS
transistor threshold voltage, then only after the voltage level of BL-R drops lower than Vpp-
Vi, will the second value of Dy, be generated. Alternatively, for example, in order to
enhance the read speed, Vs can be set to Vpp-0.1V. In that alternative case, the read speed
would be increased, but the noise margin would be reduced. For example, a MOS diode can
be used to select Veer by producing a diode voltage drop between a Vpp power line and & Vier

line.
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transistor is a depletion transistor if the transistor is turned o
when t he gate-to- sgurce vol tage (Vgs) is OV. An NMOS depl etion trg%ZKg%gpoa
can be produced by inplanting n-type inpurities in the transistor’

channel regi on such that strong channel conduction can be chleved even
with Vgs=NI/E#R2 arly, a PMOS depl etion transistor caRCHESE8Rced by

I nplanting p-type inpurities in the transistor's channel reglon such that

st r ong (093NN e Figue § tatii iR GRNi8e AabigvaL R pal hdopBRinO¥rmd | eaky’
enhancenent transistor as the term s used herein neans an enhancenent

transi §USYt AANgwe Si Rytieg ipe biarval T0r thastories mrw@yr?a?w@ﬂwaabgtcalmahlhange t he

t at d

St o ORI A BLR 8 BB ORI B Bleln Y B9 gl O
transi selogs ldvelVmg Doeing t1hmmnteﬂva1a§hellagm Vodlieaingic lglY ideph@ttb e t ransi stors
whi | L t | d | t h t
{rangi SPBRECR iR Dl sheden. Fogteuiions | goe raes] Fat UeoEEment 20
are " ogietinfay 32, Dﬁ%%ﬁﬁﬂﬂf@ﬁﬂ T3, asgicSh Od18e is Wil toﬁﬁé’ﬁox%&&lﬁhmyﬁzes hol d

vol t ages .t han To i nprove Tead speed, are commended to
have |BWENe HHe miwwal d4.Be ftargéiomihvﬁlws reag ffiohohigHtotiage $isculOn22r equi red t hat NB
and M7 have a | ower threshold voltage than M5. As used herein, the term

01 di nabyd) CNVRRCGERALAIN! dHhibk SRInERANF, BIA i BE, WLARSL Y QnghfriR0 an of f

state _when a magnitude of a gate-to-solrce voltage of ransrstor is
zero. ingodop fherﬂuﬁwélﬂﬁﬁﬁéns OHuBihﬁlsaerr:Tuftg?ddqe hrdtagaldvelgV@alDog iohv.a | ogical 1

O 3T LR Bl 1 AP A S Rl B e B felE P 1S

pass ed nsi s p, Causl ng store a
di gi tqjuzwnoaemememmn ofyhé fverdendromimab dfONMOE Oednd FMOS M2, ishea Wite cycl e,

trans s les the storage cell 22 fraomthe output node 33 and
BL- R. ! ngi?%‘ak‘?@? EP"W%‘I? wsRegtiodhe WP%P%?@‘W gvingeng rmegvam i sol ati ng
node 28{e30Q1thgeovR AtHEIHIBRE hodd B IR J&%t@ﬁ@f&%&wt@ﬁﬁmwm&s ¥iL4PW ng t he

wite cycle, the Storage circuitry 22 stores | ogi ¢ val ue nost recently
writt EMOPAM.inEOBL- W iine via transistor M. 22 27/ 09/ 2006 WD 03/ 083872
PCT/ US03/ 09599 [0090] In operatlon during a read cycle, output transistors

M6 anqodds) C oopgkRtifnd iteRfal L £ %{1@,{[ and on the
BL-R gut put t hat[%‘lt S | I’lgl gat fvemg? * te?fbg}cf]&ie?i‘hﬁgﬁdr r eglﬁf’?%st ored at
st or agtorapsdirc@igy 20. Eylmgfhe writr @gle, the BEGR hneycaﬁbe ficetiy lbltHongnisisst or MB i S
turneq in c vvever I he 0 tate of the output
transi S@@n % aagf Wgrﬁ%vol%ée meg agram of Figure 60 nllhet\r{’Lil control s:gnaf| P
provided to the gate of M6 is at a logic 0 (low) level, tuming off M6, thereby de-coupling and
electrically isolating the BL-R bit line output, and the output node 33, from the storage node
28/30. The BL-W bit line, including input node 31, provides a logic 1 (high) signal at a
voltage level Vpp. The WL-W conirol signal provided to the gate of M5 is high so as to turn

on MA.

[0096]  In a present embodiment, when M5 is turned on, the input voltage level at input
node 31 is communicated to the gate of NMOS transistor M1 and to the gate of PMOS
transistor M4. Also, in a present embodiment, when M5 is furned on, the input voltage level
at input node 31 is communicated to storage node 28/30. In one embodiment, M5 is an
ordinary enhancement transistor, and the peak voltage of the WL-W control signal is HVpp
which is a voltage boosted one threshold voltage above Vpyp, so that the voltage level provided
at input node 28 can be full Vpp. However, a voltage level of Vpp can be used as the WL-W
control signal tirn on voltage leve] if M5 1s implemented as a depletion mode transistor or as

a leaky enhancement transistor.
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read cycl e depends upon the logic |evel maintained at storage node

the storage circuitry 22. Mre specifically, for exanple, in one 5%%%&@%@6
enbodi ment of the invention when a stored logic level 0 signal is read
fromnode 28/ 30 of the storage circuitry 22 there is no discharge to

ground of W B#888har ge voltage on the BL-R bit Iine thﬁ@ﬁ@ﬁmﬁﬁﬁﬁsistor M7
because M7 is taned off due to the provision of a logical 0 signal to its

gate bygdore StI%ﬁH% Pﬁﬂeéx&ﬂé&ﬂfab’ev@fifﬁqg il ?ﬁ?#enlgﬂ& ﬁt;tg%nélato; gf exanpl e,

when a stored |l o evel signal 1s rea om no t'he storage
ci r cui tMi-Mbare @011§&@1&mrs¢hﬂm§egﬂigw§mﬁmnddZ&WBOasmﬂlalqh‘ar\gﬁ duetd:age on

out put I hr ou tran use M/ is
turned a?ge%aéé t@% (%"ma@r‘)o@r%%“n %M&M%l&&el Sgg%}egfngrf‘%ﬁah%gl 51408 %%??‘X by the

st olr a]g aerfdadleNQﬁaﬂtBéless\[AlA:;!U 9% ])rdinaulyhed@ﬁﬁ!ﬂs 51} cﬁiﬁerttﬂ&aﬂs&ad) 1|¢1M GAde frot tﬁﬁ nse 5
anplifier 40.s et not the pre-_ charge voltage on the BL-R bit
line h&@t%@ghn%(%i’% %f?’@uﬁﬁmﬁ ﬁﬁ%@@ﬁ@@o%e@nwm g8 sense

anpl lfhﬁ]bleﬁa@:ﬁ&iéé%sde? RiibRBdedict 8F 43081y RHRIn Iﬁﬂév@éét node 33 and BL-R and
al so receives a reference voltage |eve Vref e sense anplifier 40

provi des an output Doer that is indicative of the relative voltage |evels
on BL- FO3RL \/V&fh the propisionjofgiagic levale laputﬁm@eaﬁtgprMOS Mi g¥liirnsoen. st or ed by

the stgnags, ﬁlb%&ﬂééswhﬁzanﬁﬁ/[ﬂlﬁ kc%nﬁe%vea'at,gm ﬁ;{;gdﬁ dﬁﬁ/@lftﬁer Igg?ev pltage on

BL-R w || not discharge t roug transi st 'at’i ve val ues
of Vr eVaaibe véitags Binofe Airises tniVinh withustenpebdltdge tmptsane M i b dgtletbansed val ue.

st or agS TS el TR RS g i 185y e pdie SR o BBieehge on BL- R
wi || dPMCISAvVIQes dohpledlgi”thé Va@mppty%&agesamﬁé stfrce ERGup1&l b Vadougs of Vref
and th I’a@@ line w Ié{ﬁs si have a second sensed val ue. [ 0092]
The Vr &p; U5 sEprop-Lo0-gate bﬁo%&%@é\’{%tﬁ&y 21ngedRO8 M2 is adopielipntd@S speed and
Noi se triMfst %N&E iy, ek d cSﬂéﬁEﬁm rﬁaﬁf o? gnodeAM #hi Ttbﬁg?x?&deat VDD- Vs*

where Vt. is N transi stor thres t hen on er the
vol tag%3/$%v'3115 @ﬁlSBﬂwRa@r\ﬂps Mbmeﬂeadcbiamavmenmsmotl Thdne‘:‘oxse‘merﬁﬂl val ue of

Do" t e Qr, exa e nce the
read sponll OREE Level VL ARl Eal BR ol PR 2R et W TN - e
r ead sqmarou sigmaligads telowi{0 Vo ame chnd b trifiiton D5 thelligHent W8 slofhg baodeduced. For
exanp an .be used to sel ect Vref by rodu0| ng a di ode

MOS di ode
vol t ag@/@? 8 FaginRdeh Var-msitaiaing fhe ﬁ‘“ﬁ@ff logigaldl kpyqd data F@% 23 27/09/2006 WO
03/083872 PCT/ US03/ 09599
[0099]  Also, with the provision of a logic level 1 value to the gate of PMOS transistor

M4, M4 is strongly turned off since its Vgs (voltage between its gate and source) is (Vpp).
At the start of time interval T1, the gate of NMOS M3 is coupled to the effective ground
voltage bias level Vs while the pull-down node B voltage is at Vg (0V in one embodiment).
Thus, M3 tums on since the gate-to-source (Vgs) of M3 is Vgs (OV in one embodiment), M4
is strongly turned off (reverse biased), and the leakage current flowing throngh M4 is smaller
than that of M3. Specifically, since M3 is a depletion NMOS transistor with Vgs=0V, there -
is a conduction path between storage node 28/30 and node B. Consequently, leakage current
flows through M3 until a voltage at node B rises to a level of Vp<Vpp at which NMOS M3 is
self-reverse biased shutting off the leakage current, whereupon both M3 and M4 both are
reversed biased and leakage current is significantly suppressed. When the voltage of node B
is Vp, the Vgs of M4 is (Vpp-Vp), and the Vgs of M3 is -Vi. Therefore, Vg represents a
steady-state voltage of node B when the stored data value stored at storage node 28/30 is
logic level 1 (high).
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[0093] Figure 6 is an illustrative timng diagramused to expl aint
operation of the circuit of Figure 5. During tine interval theE’Z{Q)Q/%%)G
circuitry 22 stores a logical 0 value (logic low, and the BL R bit line

i ncluding the output node 33 is pre-charged to the supply voltage |evel

VDD. Duri Y& %BP%872 nterval TI, a logic 1 value (Ioglc hiP§RAUSP3O%WPi tten to

the storage circuitry 22. During time interval the stored logic 1

val ue l[ewo?ead The Qithd HEVSLWRGEMS3 Bhdofidh bdidredese d&g@a a%eﬁam thdetival T3, a

logic O value is witten to the storage circuitry 2 During tine interval
T4, t héhaunglegduchen srepgthapild3 msd Mdarhdfcanhe catanlatedorsg&imhe s |latwgt 22. [0094]

I\/bre S | I W,is OV, and

B0 Pl Bk e LR Rauihoedt MY b leod el (0
voI tage’alueuéVB atlﬂib Hioint twhiess Wwoul'ﬂhﬁcomﬂ feees Hdsed dlog wosld beindeaad 28/ 30 of the
storage. circuit OVv. Th oltage VA at pull-up node A, the junction
of the %%W@VP@/%W?&L@TBWEW@ and PMOS M2, is at a |evel described
bel ow with respect to the description of operation during tine interval T3.

The vol[mgp v&hﬁs‘, thall!éaka cit@Eben Be stblie hatReBI30M0 Q[fouﬁchﬁrcﬁlgﬂ[\/ﬁeanﬁer mnal s of
s at O\/Yﬂ[l 095] During tine interval , awite

i
cycl ew&ﬂa aade P‘!?a’feéseﬂéfv%mgilg{bﬂﬂ g Bap@pﬁrrﬁ@%naqféranmt@rls%%m@ﬂ%@pdq y 22.
Duri nggt Ik \Ein ghit is
shown %3 o%%gg%\{]}@nw%rﬁﬁoug&]@o%rg% ﬂ'![ll m ﬁ?‘lg %glﬁ?e% B loﬁ?ﬁl 1&%8}' The W.-R
cont r ofbigh)gataistorage.oMiotkepedificallycthe sititago Vs ano:b Bais daemuge(bb)&hté tatiopf | evel ,
turnin and Iectrlcal ting the BLR
bit Ii ngﬂ%tcp ?thgﬁggﬁ%%&gﬁ&%d aﬁ%?ﬁ% I%t 5’@ %‘bde 28/ 30. The
BL W bnﬁminuzadnakaga&hﬂdlt ngonmam:e ruadeasmg thPHENIFAES romutivOt e dizd dHNal) Si gnal at

vol ae I W.-Wcontrol signal ovided to the gate of M5 is
m gh s eﬁf}? °taB?P @3 Fedsiy fo the copdpgtance of ﬁ@mm saadewerfiiedevels i s

turnedom attmhﬁthlmyécoiﬁ@éfe‘a&@eﬂnsééel 18 stbfFEY 1ogfQR] PlallShP@mEUNi cated to the
gate of NMOS transistor M and to“EheSgate ({))Fria tra sélastor MAd. Also, in

a pr esERPUEA¥pdPPEIgsUlt ofisach d@rea@dtrclatwedlze of l\rft%hethammmngmofagagéa | evel at

I nput ni c to s node 28/ 30. I n one enbodi nent, M
|span fog g?vﬁélr‘{ﬁ'éenﬁ@mmg%&?@s %gaﬁanm@mbéé(ﬁ While Me s the W- W
cont rq\l,}% b 9Bise based MPHe siihd &‘Hodn?A@’ V'i’ﬁér@ egq)% %ﬁmﬁ{ﬁ?i cbiMif Lﬁ%éd vol tage

above so t hat the vol tage | evel provi can be full
VDD. Hovewligyum valug of Valas whinhahe dderedanf revense bmsm§ efM&&md Nt dﬂhnﬁzﬁtescont rol

e anei SHRAES P Yol P ben b A PG G Fpive Soing of A8 aneME T00°
[0102]  Therefore, during time interval T1, a logic level 1 value is written into the storage
circuitry 22. The logic level 1 (high) input on BL-W turns on the depletion NMOS M1 and
turns off the depleticn} PMOS M4. The voltage V5 rises fo a level at which Vg of depletion
PMOS transistor M2 is oV, causiilg M2 to conciuct the full supply voltage to the storage node

- 28/30. The voltage Vg rises to a level at which depletion NMOS M3 transistor becomes self-

reverse biased. With transistors M1 and M2 turned on and transistors M3 and M4 turned off,
the voltage of storage node 28/30 s, in effect, “pulled up’ through pull-up node A to the

supply voltage bias level. Thus, in a present embodiment, the fisll supply voltage is provided
to maintain the stored logic level 1 signal while leakage current is suppressed through reverse
bias of both NMOS M3 and PMOS M4,

[0103]  During time interval T2, a read cycle reads the stored high logic level (logic 1)
signal from the storage circuitry 22. In the example illusirated in Figure 6, the BL-W bit
Iine, including input node 31, provides a logic level 0 (low) signal, although the signal level
on BL-W is unimportant during the read cycle and thus, BL-W can be floating during read
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24 27/09/ 2006 WD 03/083872 PCT/US03/09599 [0097] It will be apprecg?}ﬁglzoos
that even if Mb is an ordi nary enhancenent transistor, if M-M ar
depletion transistors, the voltage |evel of node 28/ 30 is pulled up to Von
due to a self-regeneration (self-latch) operation. If ML-MA are

sel f-regeWEWaP$3¥8, Hvdd is not actually needed. Never tPREUEEHISNVIJ
ordinarily is desirable in order to transfer to full Vdd fromthe wite

bi t 1 perdtBh: fhe WL-ROSBIrA&E 3N prbAdQNS R daf ST NG 9PRdb HRALS transi stor Mo
is i enented as a depletion node device or as a | eaky enhancenent

devi ceNMQ@Yu@sisiae M, iteeebp elsstriedliyrisadating theggpw node 28/ WefrdompheBLtW t he gate of

NMOS Lit:L al Ly . [ § ' connect ed
at pul 1205 TS HEPR Bftool el B sbich 1 BB A G ing e OS HliBud BEETE 0072 P
t o VDntum dihdlie vahygedelel apcdioahe sitanafaNMOSitansistoleyll &ithovoltapdetelt r ansi st or .
This is also true if M_is a.leaky enhancenen ransi stor. Since the gate
of PI\&IW%Pgﬁ’@gﬁﬁls@Hedtbé' ﬂé‘?ﬁ“@@ﬁ’?ﬂ%@' 38?“1’ Ys %}Wiﬁagesleggﬂfce. i s coupl ed
t o nodgo eﬁdd‘éQS@DiséﬁPﬁ%dtb'ﬂf‘e%%fw.tO‘QQte (Vgs) voltage of M2 is OV.
Since P M2 is a depletion PMOS transistor, and Vgs is OV, there is a

conduction path from Pul | -up node A to.the storage node  28/30. This is
al so t Wa0asenihesramply of Figure Qidyrips e demanh T2 hsstoredidsia is repesseriesh e, t he

full ' I ; | ge node
281 30, BV KLY 86y S AUSIT i APkt (RS bELRE 1l P HBBIT Tl hs ot
t r ansi Burowghist the teed vysle, thgaokiagetdvelsMamt aglk-up oode A 281 BPatipsllnlevnmadmed at VOD,

mai nt aji nj . ed logical .l leyvel data stat 009 Al so,.with the
or ovi 2 Bl Wb SAERR soBPGRyih i Vefpaeind el By 1 R T Paef et v v
i S ?trz&ffg].y)dringﬁmieﬂfcfyc&jl}fme:vértme\fglﬁagé\l?ucﬁgﬁeﬁﬁtmﬁeﬁné,?ﬁl%%“;ﬁnd sour Cle)d
I's (VDD). t start of time interv Ti, the gate of N I's couple
to theo’}&r'ﬁ* 8@%@. %%egng 078 the\pag-ehetgre 15‘fe§£9 qalew volrage lgrrli for @PlsuYss: down node B
voltage is at Vss (OV in one enbodinent). Thus, M3 turns on since the

gat e-t[omf}ur CAt thy/Bspinu@g IVBinleSntMS 8l T WhdnthORad sydRsbiciBNhd BLIW s strongly

turned off (reverse biased), and the |eakage current flow ng through M4 is
smal | ércludingpntpif 2pde33, Ris linsis @t prechansy volinep texelyphick issVmapihet i on NVOS
transi; ] = ; [ uet t rage node
261 30 e BoEAC Purk BleFoad o HERE B0 oIRBL th BE DR B\ B0t |
vol t agmtpit noed8, Bschargestotiee dfcbtineedromtl 1Bk VETh@tghib ahd MVOI M3 i s

| f- bi hutt i ff t | eak t, bot h M3 d
Vi bor RS o Pish EEhaet s o oRREF I eSEE BT RGO Bdheer BRPIPERNG 1y
suppr esge the sWoad I, [ Palve) idda@tn 4 reB@EEs Bgic level 1 (high) value from storage node

28/30.

[0106]  More particularly, M6 and M7 cooperate in the reading of stored information from
the storage cirenitry 22. Transistor M6 functions to determine when a read cycle is to ocour, -
When the WL-R control signal is low, M6 is tumned off, and M7 and the storage circuitry 22
are isolated from the BL-R output. When the WL-R conirol signal is high, as during time
interval T2, M6 is tumed on, and M7 and the storage circuitry 22 are coupled to the BL-R
output. Transistor M7 functions to determine whether or not the pre-charge voltage on BL-R
will discharge through M6 and M7 during a read cycle. When M7 is in a turned oﬁ state
during a read cycle, the pre-charge voltage discharges, and when M7 is in a turned off state
during a read cycle, the pre-charge voltage does not discharge. The on/off state of M7 is
controlled by the voltage level of storage node 28/30 of the storage circuitry 22. Hithe
voltage level maintained by the storage circuitry 22 at storage node 28/30 is low (logic level
0), then M7 is turned off. If the voltage level maintained by the storage circuitry 22 at
storage node 28/30 is high (logic level 1) as during time interval T2, then M7 is turned on.
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Is Vn, the Vgs of M4 is (VDD-VB), and the Vgs of M3 is -VB. Therefog? gEOOG
represents a steady-state voltage of node B when the stored data v (F%
stored at storage node 28/ 30 is logic level 1(high). 25 27/09/2006 WO

03/ 083872 PCT/ US03/ 09599 [0100] The value of VB at which M3 becones

sel f-reveV8&3B#388Bed depends on the relative channel c8RUVEIHBHIstrengt hs

of MB and M4, and can be cal cul ated using Kirchoffs |aw at pull-down node

B. For npl o Dt S hen t he

val ue %01?638 atﬁuﬁgeth%g%ﬁgyﬂﬂere %ﬁ%ﬁ d%gglclg{rsreaﬁér{lever sﬁéﬁggglggrdhetal so woul d be

i ncr eapredhargs yedegeron theB3-R dydineouipwt dibcloppgeadimosgh WA and BIFO The &ness, t he

| eakag r fromthe stara node. 28/ 30t .ound.through, M3 and M
can besutist Sk RP fecih M5 Ree RGLA OB BB R BB RRY anel stor's ve
and Minodaa8lend Brovireh a 18, MBnal Avilea ostidahicalht iindivive sqokfeorst andby

| eakage current for logic level 1 (high) data storage. Mdre specifically,
t he volinﬁlég’ 10\61@6551%% Sjosagg&H@REY-ned by the ratio of |eakage current
flowng through M3 and MA. I n general, there is an optimumratio to

i ni M pepd] e akmdhredeht’ AHodinkedf of tRSTh ARG, 1O SR 9 MY8s igmifivhyB rel ative
to the size of M4 decreases the conductance of M3 relative to fhe

conducihereltagelevehmaipipingd byihe slgeee cirqyiiry 2y diransistor W intesshteshrvEBasheconmes

[ ' . ot t AVB. On
Fesul 1Rt Bl TS B O 08 b el YR P e P e of
| ogi ¢ ihéiwadive &f the lvakage Méel maintaimed by thhlsiprage vrcidieyl2i H3EHs bynedronatenint  AVB

whi |l e IS l.es i . reve based t.he s anpunt A There shoul d
be an %%?}T %ﬁ%mcs(sg?fﬁﬁ?t ﬂ@rﬁy](siu%?d’&gﬁml} ? \}éﬁtﬁ’?e?gg&h%rrgmﬁ’fﬂ ch the degree
of 1 eviaidiendXoasdke gordiectidh FAdolMEe Aisthaiiezfsh fob BRMEIOR bRYME.LAY outhl S Opti mum

| evel can_be set by ap&rop[i ate relative si zi&% of M3 and MA. [0102]

Ther eft9e 33, dependent vporsthp fagis loval styred atthe ggrage pedee®/30 of Hieiorags written into

t he stc%ﬁggzz_ci rcuitry 22. The logic level 1 (high) input on BL-Wturns on
the depletion NMOS M and turns off the depletion PMOS M4. The vol tage VA
rises to a level at which Vg of depletion PMOS transistor M2 is OV,

causi riB10% t dngenrsalcwhanid6 {sunedorppidyhe/sioragapods yokage isipwr trapsisivode 28/ 30.

The val | : i i , } st or
becorre%g se: *éﬁ?%%sgﬁélgﬁt%as%&%ﬁwcﬁﬁg%&% Iuﬁﬁ%@eéﬁﬁ%g%%@'&ggﬁ%@%&fon and
t r ansitsd jre-shedvBe widgdiin swputeddad3t Contdrsely oilicA d6 i0 fursédonané theadrage8/ 30 is, in

effect, .~ ‘Polft'aégg high, ot WY Bininitaten %%?ug’% sttc?raéehn%de voltage by

permitting discharge of the pre-charge voltage from output node 33 to effective ground.

[0110]  The sixth embodiment of Figure 5 uses separate read paths and write paths as
does the second embodiment of Figure 4A. Specifically, data is written via transistor M5.
Data is read via transistors M7 and M8. As explained above, thie separate write and read ‘
paths promote improved circuit stability. Larger size transistors, with large current carrying
capability, can be used to implement M7 and M8 so as to increase read speed. Alternatively,

low Vit transistors can be used to implement M7 and M8 to increase read speed.

[0111]  During time interval T3, a write cycle writes logic level 0 (low) data into the
storage circuitry 22. In the example illustrated in Figure 6, the BL-R bit line is pre-charged
to the Vpp supply bias voltage level, although the voltage level on BL-R is unimportant
during the write cycle and thus, BL-R can be floating during the read operation. The WL-R
control signal provided to the gate of M6 is at al logic 0 (low) turning off M6, thereby de-
coupling and electrically isolating the BL-R bit line, and output node 33, from the storage
node 28/30. The BL-W bit line, including input node 31, provides logic 0 (low) signal at a
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supply voltage bias level. Thus, in a present enbodi nent, the full

voltage is provided to maintain the stored |ogic |evel 1 signal mﬁ?‘@gm%

| eakage current is suppressed through reverse bias of both NMOS M3 and

PMOS M. \;&0103% During tine interval T2, a read cycle reads the stored high

|l ogi c | eVEP OWE¥2c 1) signal fromthe storage circuitPGU/YS0H0P¥It he exanpl e

illustrated in Figure 6, the BL-Wbit [|ine, including input node 31,

provi d@sitage 1e08I0V. 1T@¥ IL-G (die) sigr;agpélvide@{ottﬁé)g@@oftmgis&ﬁg{@ask&tﬁﬁi on BL-W
cle

IS uninportant during the read cy and thus, BL-Wcan be floating during

read 9BMP27ASSKPADE vk pégere tewriiagsds T obopeasyeltageiodthe WheVw - W
contro Relc | f i s t -0f £ NMOS
transi é%nng%@al ﬁlﬁfeé}r/a‘lggégfe{ﬁ@g%?ﬁlga FSOI?a Sﬁflicﬁﬁht e"ﬁiﬁ%g"u‘%“%%é e{) g’é‘? 30 fromthe
BL- W benfplitVppThe W.-R control signal is at a logical 1 (high) |evel causing

NMOS transistor Mo to turn on. The voltage |evel applied to the gate of

NMVOS  t I sty i s .t.he | tage | evel . repres i ata stored by
t he st@rﬁ}ae c%@%ﬁpﬁwﬂﬁ?o 018%]10 ivéétlle |"§P,“W°H§epgi‘gﬁi %ﬁg&gﬁﬁmw{’mage node
28/ 30 Tl sameks GRM3 sndiNI# ingat@medtedVdt pull Qb4 hodeB ﬁﬁtﬁl@mh@%&év&ivg,ur e 6,

during.time.,interyal T2, the stored data is represented a logic level |
(hi gh)WFBM?% elsignplprevieyshiohag been rmapigined at siarageawds 3¢ | evel high

dat a. Haiwveﬂlg}ih@gﬁae kheoga;e@ﬁg&y?ms ﬂiﬁ@iS%qugt%i\iegﬁeli%u\{'ﬁlea@othég dg up node A

and Va at_pul |l -down no are maintained at |levels consistent with the
st or ag@!lgiowa rodg B elrape facthe effgotive aipund bigt wltagrelevrd duringt@ng@dierdlifdng t he read

out put et ue A KUCRTEon R By Wathl byt SERMASHT, 200 (vl

for exanplkdto thiseffectivelrOmbid bis vohigpeag) tha\gaigtocdouick (¥gd) Rbledge af MB3s when t he

r ead l e begins,..the BL-R | udi hg output, node 33, bit. line is at a
pre- cﬁ%ﬂfgﬁnﬁ&a@é@é @&éﬁei,%le %@%mﬁﬁgp ﬁn*i Res is O} thete e Gopoasoddi mont .
Dur i ngathftfork 8RGt0rape néde 28750 tB?yﬁﬁ-ﬁB@ﬁﬁ@de@' TIROR 00 Rlcabb whadlibifiing  out put

node 33, discharges to the effective ground level Vss through M6 and M/. In
r es poleky ehasgemenirasistor.g Bherefhve, the Gloraganpdet28630 is prvpledris effestivt i f i er 40

ogi o Broaup voiek vl hor o 99192 L T ' By 0V, G0iiOgg, L7 '
parti dnahastoniyi5Nbe eoltigdviit tieosigregeattmninal 28130 iy maidiaingd aif the effectde gofmay mati on from
t he stbor 3 Cif cui a&ﬂtﬁlim%z theEEo%fooSIcglro I'Xx?ei Egt;rius:ttatiepn' S to determ ne when a read
cycl e & VP& sa™ g gt

[0113] Also, with the provision of a logical { value to the gate of NMOS transistor M1,

M1 turns off. Specifically, for example, if Vsg=0V is applied to the gate of M1 while the

voltage at pull-up node A is at Vpp, then Vgs of M1 is ~Vpp, causing M1 to be strongly

turped off. Meanwhile, initially the Vgs of M2 is OV sinice the gate of M2 is coupled to

receive Vpp and the source of M2 is éoupled to pull-up node A which initially is at voliage

level Vpp. Since M1 is strongly turned off (reversed biased), the leakage current flowing

through M1 is smaller than that flowing through M2. More particularly, PMOS transistor M2

turns on since it is a depletion (or alternatively a “leaky enhancement”) transistor with a

source-to-gate (Vsg) voltage of 0V. Thus, there is a conduction path, through M2, from pull-

up node A to the storage node 28/30. When the voltage of pull-up node A is V,, the Vgs of

M1 is -V, (assuming Vss = 0V), and the Vgs of M2 becomes (Vop-V4). Leakage current

flows through M2 until V4 achieves a steady-state level at which both transistors M1 and M2

are sufficiently reverse-biased to suppress further leakage current. Therefore V4 represents a

steady-state voltage level at pull-up node A when a logic level 0 (low) value is stored by the

storage circuitry 22. Basically, leakage current flows through M2 until a voltage at pull-up
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When the W.-R control signal is low, M6 is turned off, and M/ and t
storage circuitry 22 are isolated fromthe BL-R output. Wen the Vé?ILQQ/ZOOS
control signal is high, as during tine interval T2, M6 is turned on, and

M/ and the storage circuitry 22 are coupled to the BL-R output. Transistor
M7 funct i RPH8Eet er mi ne whet her or not the pre-char g&CHEIPEIEon BL-R

w Il discharge through M6 and M/ during a read cycle. When M7 is in a

t ur nednéie & FAk & a B bhY, v LAAMERENOS MISs BliLretllad MRel Qb efihs char ges,
and when M7 is in a turned off state during a read cycle, the pre-charge

vol t agle2kree suRst, Whicsuperr bpth Mitaed ) ¢ feverset iasgd. M7 is™ control l ed by the
vol tage | evel of storage node 28/ 30 of the storage circuitry 22. If the
vol t agghpvel THe, M + Q¥ Gl I I ode 28/ 30
i s |owﬁ’(|‘§gi c level fif}?‘d‘l ?’ g&“ﬁﬁ;’é%@ﬁi?%ﬁféh‘%%##*ﬁ&?ﬁ’i&eﬁﬁ*ﬁa’f%%ﬁr%ve|

mai nt a¢haseel bgndubigonsstrengilspenf M T andiMi2,)an@ Rarclie cakhlated gsing Kiteho?Bé B& ats hi gh

(logic_level as .duging ti | nt er val t hen .S | on. 27

71 0o/ BB e TB b0 e B G S e e Y e s eyl e of
tine isndidalce 62M1phENhbBalanet W atahiepdintrRe MD wolldBecdMiQerdai t@fey 0l t age on
the BL-R bit Li ne output discharges through Mo and M/. The sense anplifier
40 senfdsweyld be pgrsased siges mereyglizsgeoulddrap agess2 BL-R bit |ine, including
out put node 33, and provides a Do"t signal having a second value that is

i ndi cai15] of TiRisOha Akt c@renP HER thOGElyHRX Sbitle 3Bko ¥ stbhige A4y age

Ci rcu?{tmrlg [01081 In a@pfesegnt enbod?ﬁrrlgn't.of i%glq)?n({/entsi_Q%‘,3 the on/of

st at e 730\irough Ydraed Mvag bp guppraseedie k negligiblelpedl. Byiproper sl ¢fy t he st or age
ci rcui - 22 j r ' e r t.cidycuit for the
St or agE EePENT HNGEBurtha R BRIENFoa e toRrdRy bR ME alighT iy s o

i ndi cdedkage afireptier logictiagbl (lewpdatnsompa Moeelsgayifitdlly, it oolege Vaiofeull-t ry 22. | f

M/ is turned.o t he high l.evel is stored. |If IS d off, then a
| ow | et ?g%?%?rwegﬂg}ée,ra‘?? %t{,}gz;fcgg%?u.qwt E%WW%Q/K’{WM% onnection of a
vol t agenethlstlerrige @aintinf Afio tainBhizRIdakdge cindéht. Poldnsints) dbereRREGhe33, :
dependent upon the |ogic | evel stored at the storage node 28/30 of the

st or ag&® EMiclatiys tohe sizewf BB depisesgs Hhercanducipnespfidl telativetortbel on and t he
St Or aQ8ndRBRcYH N2 ARich Sar lgﬁ’er?)%é %8‘?1' oF59%at W%h%%gsal%$€?§etﬂ?’%ﬁ& ow storage

node voltage to output no pr event | ng rge o e pre-charge
vol t agéhenstoting pidgicievkd 0 33 Bosonsr asdupt A VheOndfesilsoflsuhiecregiedand t he st or age

o 4885 Y 9l A0SR0 kTN G2 B A Ll S g node

biased by an amount AV, while M1 is less highly reverse based by the same amount AV 4.

There should be an optimum condition (i.e. an optimum value of V,) at which the degree of
reverse biasing of M1 and M2 minimizes leakage current. This optimum level can be set by

appropriate relative sizing of M1 and M2.

[0116] Therefore, during time interval T3, a logic level 0 value is stored. The logic level
.0 (low) input on BL-W, and input node 31, turns on the depletion PMOS transistor M4 and
turns off the depletion NMOS transistor M1. The voltage at pull-up node A falls to a voltage
level V at which depletion PMOS transistor M2 becomes reverse biased and turns off. The
voltage at pull-down node B falls to a level of 0V, and depletion NMOS transistor M3 is
turned on. With transistors M1 and M2 turned off and transistors M3 and M4 turned on, the
voltage of storage node 23/30 is, in effect, “pulled down’ through pull-down node B to the
effective ground voltage bias level. Thus, in a present embodiment, storage node 28/30 is
coupled to effective ground bias voltage which serves to maintain the stored logic level 0
signal, while leakage current is suppressed through reverse bias of both NMOS M1 and
PMOS M2, | |
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permtting discharge of the pre-charge voltage from output node 33 ?/ 2006
effective ground. [01101 The sixth enbodi nent of Figure 5 uses sep% ER%/
read paths and wite paths as does the second enbodi nent of Figure 4A
Specifically, data is witten via transistor Mb. Data is read via

transi st oV QO/S38Rd MB. As expl ai ned above, the separ at ECHUSPE9EAd r ead

paths pronote inproved circuit stability. Larger size transistors, wth

| ar ge (117Nt Dafsg theGiter@:ATapi fehd Uycl&@dﬂsﬂ&lﬂ@@ﬂw&lq} 16V ReRR: isM and MB so
as to |ncr§ase read speed, Alternatively ow Vt transistors can be used

to i mpFletreRY thoFtomes CNBIEY 27 n@%@@mp@d@lsgﬁfé@@ Figaret thefitlr Wit ligene i nt er val
T3, i i o |
a Whd ih t%@éﬁ wdea rxmg]@cgre ?1'03 gmg, lﬁqllgﬁésmm?%&a?ﬁ or age

circuitry e exa ure 6 bit line is
pr e- chigvejen BIt W is hmmpm dpqmg/mbrwé cxedd. tﬁlgé?v 1-8V ednirohbigtmb pyphidedi vol t age

I I t.ant t.h BL- R b
ff\é:t i ﬁlg %r ﬁ?}%si%% gpggg) %%‘e‘f'fg @&Fﬁét%flﬁsr?&g@%%?‘gpazgﬁ' éqngﬁn%fhgv, dega? 0 ©
t he gasteragé ndib 28/30 bmahe BDGV Gngfit. (mvmrmdsomregsxg{af is WP Tolghesirg mgh)ie- coupling

and el ctrlcallé\é\ﬂ golatln the BL-R bit |ine, and output node .33, fromthe
st or ag¥vel/fgtFae 6 la/pg qn (Thg ¥oltaes dqvekapatied tafhaeaisde 31, provi des

| ogi c ﬂM@%m&bﬂNﬁhs &E v@l 164761 (e HER; M@atggtlmgﬁﬁi f tﬁ%%&ﬁﬁg% 99

vol tage | evel Ov. control signal provi e gate of M5 is

hi gh s&- a%JB@lﬁcatllwthe V@ngvelﬁs‘@r@gﬁ avded8/3bosmlivd tolthe gitesfdiEe to wite cycle

TI, the peak voltage of the W.-W control signal preferably is HVDD so that
el

e vgkge | RN o SIAAL e DO ATk xSl bRl 01121 W
Thlet :1 dur clegic &fvelNB(lawjdrokigd, althcﬂﬂd anmmed eff dat tophrl: ét(;:éd)wlug;ag\e/féelo& datu'r.]t ijalbla)é nar e
\égl nt gﬁﬁ%o& a'ftﬂéetrg%dad'ggntgla l?@)g%elo%\%?/‘g ~up ’é‘?‘i‘?g%a”tdh ﬁzﬁﬂgﬁ%‘f’g l eti on PMOS

t r ansiB temaitaiiRICR iovels cEMistepiith tHehﬁ)ra‘é@'of@ﬂ@cﬂEvelD'ﬂlU»’) Ql%%a%@‘ﬂ@&‘e B drops to
the eff ctlve round bi as voltage | evel durlngitlrre i nterva This is
al so t%323é’ uring the readigyples s aakagsdave! e thpBL <R bit Imssppden quit pedee of NMVOS

MB is 33cg%@h&q;h5,%w igeg{a%f?}%“g}éﬁ hﬁﬁé%% %glevgp age Vss, the gate-to-source

(Vgs) vol tage of s a gpl etion NMOS transistor,
and Vgs is OV, there is a conduction path fromthe storage node 28/30to
pul | - dBWI nods e@plaiped sbavs, ME end Misoenesate intfberending of siored ipfipaténshancenent

transigyhPhe sthfAgé By 22 Wb UnBlBe ARG ofYritheifteS 1 P, Gnd RorFhE RO T VO
turned on, and transistor M7 is turned off. Therefore, transistor M7 fimctions to block
discharge of the pre-charge voltage Vpp on the BL-R bit line. The sense amplifier senses no
change in the voltage level on the BL-R bit line and, and output node 33, provides a Dyy
s1gnal havmg a first value that is indicative of storage ofalow lo g1c level signal by the
storage circaitry 22. ' |

[0120]  Figure 7 is an illusirative circuit diagram of a seventh embodiment of the
mvention. Components of the seventh embodiment that correspond to identical components

' of the embodiment of Figure 5 are identified by primed reference numerals identical to the
numerals used to identify corresponding components in Figure 5. The embodiment of
Figures 5 and 7 are quite similar, and for that reason, only aspects of the seventh
embodiment that are different shall be described.

[0121]  Basically, the difference between the embodiment of Figure 5 and that of Figure
7 is that transistors M5, M6 and M7 in Figure 7 are depletion type, or altematively, leaky

enhancement type. Whereas, the corresponding transistors of Figure 5 are ordinary
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ground bi as voltage. Even after the W.-Wcontrol signal goes to |lo
and turns off transistor Mb, the voltage at the storage term nal %?MSOOB
mai ntai ned at the effective ground bias voltage Vss, maintaining the

stored Io‘%i cal 0 level data state. [0113] Also, with the provision of a

| ogi cal OVQAME8T0 the gate of NMOS transistor M, PF?ﬁ’ﬁ@’O&W.
Specifically, for exanple, if Vss=OV is applied to the gate of M while the
vol t aggihaiceRtlt typtRlcRede Ah disantige YDMBe ubdetleMeonabr Mhkyi enhaiBikntrausing M to

be strongly turned off. Meanwhile, initially the ‘\vﬁgs off@%lz s, OV since the
gate ofankBiorses pub(M2) andoupadMoy M7 fsyices i aveidancs of ths R ofgPopEcd o ypl ed t o

pul | - A WalEh kRl bt t i mivh¥er ofdliffeentM i S

strong %tg?e;&qn\éﬁa %@‘tﬁ{lr‘) g{\;lgtreglg{)j Fféltz)gg;%“\‘?ﬁ’eﬁ?%giﬂaﬁg%urrent flowi ng through

M is typalolf esnsistan(it téd cabd, albirampistdrs cudie imlcmnmcfgwlawlvéwl%mny, PMOS

transi st or urns aqn since it is a depletion (or alternatively a "|eaky
enhanc‘é*ﬁ‘fé‘fsf‘t:’’r\g;’J‘fl &WEP%@JFaS@‘\/&P?ﬁ%-a source-to-gate (Vsg) voltage of OV. Thus,
there is a conduction path, through M2, frompull- up node A to the storage
node 2@848f). WWer pahiRuMelltinge epfbogimeht ofFiguore 8, i oider WwAanshethvdgaof M is - VA

Vss = OV), .and the. Vi M2 b \/DD- VA) K t
[ Tove H0 BhoH. el ipieda ok G e e edtaganartt e iR or Horh e
transi gbonsidy a Mte%oua%e,qﬂ\?)sg, {4 GipfoVell Y HoRWRE, S thRicabedinien cfWipuress furt her

| eakage current. Therefore VA represents a_ steady-state voltage |level at
pul | - Up trausitorMfsdmplemientgd as 3 dopletion(qr lcgly crhanesmeny tapyfI Y hhe st or age

circuitr 2... Basi e =t: dYoltdse i@ Vol t age
at puIqoogtﬁg%mg'%%@éﬁfhé%f&V%Egge%ggggé%ﬁ%&%%\é{%%ﬂ%%%g%%e A alll s to a

| evel i ndésd/BRN @inevdsiarinpiidiBosBmpBorsior fhecqudtr s bp limivated 08¢ i ng of f t he

| eakage current, whereupon both M. an a .ever, j [;0114] The
val ue Hsadyartage QW@HOSE%VB pgsised o g o q’é)y{%?egégfolfl 'élgc?sl gg%gﬂﬂ%?%g%etl e relative
channelic@Rdu il d Sdby eRs) bhdcibe MiotBirdoilrEs ofulic pawedenamiptioh.atesd, usi ng
Kirchoff's law at node A For_exanmple, if the channel, con%ﬁg]{eﬁnce of M2

was r ditiowtementing M6and M7as derletion epsisters, g repd sreed ean g improy 2 val ue of

VA at ! M}ﬁ}}ﬁg aﬁmg' SRR V36 Biskufy sirdb 8&piotoul d be
increalg‘%gasg(?!r:{g%ennore %{Et ag f&v%g‘f roI{) acrgss. M. 05115]®Thus, t he | eakage
cur r entankisorm M6, hppllywdritirssholsl voltages \brthe sameHispw veltaggethpeeent 28/ 30 t hr ough

M d, M t Li gi | | : ' f
't ane: TGN D e il oA et s YR ranpR B et 10, O
suppr efgstidieveiiagdidiger.

[0123]  One challenge confronted with the use of depletion or leaky enhancement device
as an inpuf transistor M5 is that a depletion device turns on when V,g=0.0V. Thus, when M5
is implemented as a depletion (or leaky enhancemerit transistor), it is desirable to pull the
géi_te voltage of M5 b'el_lpw 0.0V to ensure turn off of M5 strongl}_(.‘_ - ‘

[0124] | The first S/D of M7 is coupled to Vien which is higher than Vss by Vt of
enhancement transistor. So, even though stored data is low, M7 is turned off and BL-bar
level is not discharged. But when stored data is high, BL-bar level can be discharged faster
due to increased current driving capability of M6 and M7.

{0.125] Figure 8A is an illustrative drawing of a conventional word line driver circuit 50
that can be used with data storage cell circuitry of embodiments of the present invention.
Figure 8B is an illustrative drawing of a virtual ground signal applied to the driver of Figure
8A during active and standby modes of operation. In order to fully turn off transistor M5 of

Figure 5, for example, or to suppress leakage current through M5, it is desirable to pull down
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| eakage current for logic level O (low) data storage. Mre spemﬂ;?ﬁgg/zoos
the voltage VA of pull- up node Ais determned by the ratio of

current flow ng through M and M2. In general, there is an optinumratio
to mnimze | eakage current. For instance, decr easi ng the size of M

rel ati ve VYBO¥f¥8Qj ze of M2 decreases the conductance ofCRHESPAPHEi ve to the
conductance of M2 which can |ower the |evel of VA at which M2 becones
revers ethfbi’Qi@g‘dOﬂ aiverd Ise GWILD tp dlotvadiees! ey @hndBy wilitithalih HOOBvAARMNT AVA. ~ One
result Iﬁ%ur%lé ecr ased %atlve .Size.of M _is that during storage of a
logic I'e aWﬁ@ Yo Cirauit X0, camprisipg 3n ingerisy g%&’lthlﬁlP%%tfwls S4apnt AVA

whi | e M NMOS @assidibBal W £ There shoul d
i ENVIDDE HRPEOS B¥vidd W2 i8 801 fﬂ?é’% ﬁ‘%ﬁé’h

be an o hi condition (i.e. an optinum val ue t he degree
of reVellRes: 15 B/ Bof fhe PHHP W1%5ﬁlam1Eésﬂﬁéhdx%tb@NMQSrcmﬁceSB‘lams opt i mum

|l evel GaihidBoSeihi V& 8lgk [ 0116]
Ther ef ofaﬁéb dur i né%?%%%@gédug{e&ﬁéﬁgwoélsc $g? @W?ég@eﬂc&ed The
| ogi c lisspapled @ g Vigwa! grovpd noder60BIhv\satesat the"mt)sraﬁdm trindisfoss £M 56 he
depletl olansi st or rns._of f the depletion, NMOS 't r ansi st or
) Thgl% \r}'gﬁf 252 A %‘efslqoﬂ%gﬁ‘gﬁgf Nof”gif?? Wdrsss informatioy dn opesgtion, tha at  whi ch
depl et ladlhe@ﬁ&ﬁ&nﬁdhaﬂ piovided td\Be ARERIRSIC R \RIHRnD BS ﬁ%mqsa%l %M {‘%apf f. The
voltag q%%lmm ode B falls to a | evel of 0OV epleti on NMOS
tranS| rﬂil;lf‘e‘HV%Wf Wth transistors M and M2 turned off and
transistors M3 and M4 turned on, the voltage of storage node 23/30 is, in

ofect o2 mdonm il e nad, Bl Rgh o, 0 S

vol tage bias | evel. Thus orage ¥ 28/30 is
coupl eggt tooVafding aame gmdwpi:rdlmoamd/m sttag ¥ syt clarises@by kodeBhdpitRn t he

stored c |level | e Ieaka e current I S suppressed through
reversgn%ggg‘m% thS‘PﬁS %ﬂtéwﬁ"e“ﬁmdw agg pamhyy uye] duyine stadhyn3/ 083872

PCT/ USO8 atiiob Adihdit iBpirifigh dobEochRh AR adbe sibde SAa@C el €adS the | ogic

l evel O (low) data that stored by the storage circuitry 22. In the
exanp| @oreauisg wihdap drwemrgmt of Biguxely QABIB EY Blghal QEVSS Aadliitgdut node 31,

provi t t he contrqQl signal

| evel on %JL(R&;B%S aﬁ gmge ﬁlsacﬁﬁ?%%é? IF%%FG%@?@ISEPP%' V\ﬁ\W; Vs E8ntrol si gnal

provi dedmple. Dmheomwmmceﬂcwentaﬂmg\/c@ﬁbm@,t&mgfmn 66 hANSi stor M,
Isolating the storage node 28/30 fromthe BL-Winput.

The. veese LgHief it fé AEPharEs Ten OPegH e Reripdhpifime. During active mode
operation, for instance, it is desirable to shut down a word line quickly in order to reduce
overall cycle time. The limited driving capability of signal ¢LVSS can cause delay in
discharge of a word line, thereby increasing overall cycle time. In this example, cycle time is
the sum of the active cycle time to enable a word line to perform a given function (e.g., read
or Wnte) and thé precharge time to disable the word line and set circuits ready for the next

- operation.

[0127]  Figure 9A is a circuit diagram of an alternative embodiment word line write
 driver circuit 400. Figure 9B is a signal diagram used to explain the operation of the
altemnative word line driver 400 both in active and standby modes. The word line driver 400
- includes a driver section 402 used to drive the WL control line. The word line driver 400
- meludes bias circuitry 404 used to regulate a low voltage level provided via WL control line

to the gate of write access transistor M5.

[0128]  The driver section 402 includes a PMOS transistor 406 and a first NMOS
transistor 408 having respective S/D junctions coupled to form an inverter. An address signal
is provided to a driver input node 410. A WL conirol signal is provided to WL via a driver
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| evel causing NMOS transistor M6 to turn on. The vol tage | evel appl%m? 06
the gate of NMOS transistor M/ is the voltage | evel representing t 9
stored by the storage circuitry 22. Specifically, the voltage |evel of
storage node 28/30 is applied to the gate of M. [01181} In the exanpl e of
Figure 6,WaU8¥2time interval T4, the stored data is PEFPESEAPRd by a
logic level O (low) voltage, and M/ is turned off due to the stored |logic

| evel boputdmdadl2. Tie®ay heds ofPMOS SRty AbSis cbﬁtﬁed/tfé'at%%uﬂC)}ﬂYSié VA at
pul | -ug%lnode A and VB at_ pull-down node B are nmaintalined at |evels

consi sYYHES GPEe- (e S Bedsgd NMOS, trpesigter 408 iscoupleq foqwirteal grovad age node

28/ 30. (TAFGRD) B4 {d1ded R 4epd cycle, the voltage |evel on the BL-R bit Iine,
and on out pu? node "33, does not change and remains at the pre-charge

vol tage | evel, VDD. [0119] As explained above, M5 and M/ cooperate in the
readi nif139} st dhekieg sifcwibnrdPf drgludes Husi ankd econd NSRS trivsistars Mt 1 280 MIDRr i ng ti me

the re : f . fi | rval ..J4,, L ransi LS ~t ed.o and

t ransi %@M%%FQ %HEM% Ogt{‘nﬁ.ty oliees 18‘(%?“@?3‘#@%@%@%9%%& to bl ock
di schaMjé indouplee tothel ¥ GNDD®dw,cint agethd/BD asde JTa1Blis Boddldd th Vagsupfipe sense
anplifier senses no ch%?gééi,n the voltage | evel on the BL-R bit |ine and,
and oubiplYolirerfouse Agals I5cqupled to speived firsbrrpdrcontrel signel §ffsse that is

50! CtbiiBeln PEGHAAR Shirdl noBM OB IS HEle HIBIAL NG meREGFE o) 1 oul 1Y

22. 120] Figure 7 is an ustrative circuit ér am of  a seventh
enbodinndnatandfangther S/D nederutf M2, is Geptedneriesivothe e nody edtitdd! dpiaodivignt t hat

correspon .dent | cal . conpo ts of the enpodi t of Figure 5 are
i dent iff'P g‘ﬂ{)@e B’f‘sﬁﬁﬁ ‘?DEIF@PEH?:%E# dér‘rﬁ?t%\P%Mflgélﬁ? }Séaqu?e‘gtotrFFéweﬁ%ﬁ@Pﬁl s used to
| dent iydcaRnaaSHANGSTD GRIOTEBYRed th Kidttidindie EhfoigBROMgTeNt Of i gures S

and 7 are quite simlar, and for that reason, only aspects of the seventh
enbodi nent that are different shall be described. [0121] Basically, the
di f f erl@hi0d pelige B shewethpigaanestive stodeiofepceation iret nodetongpl figrglire 7 i s t hat

transi [ R, ' I gur re depletio e, or. alternatively,
| eaky &tﬁﬁgnc glhent e%gél. Wchgla%naﬁger[glgﬁ? 'S 8%‘73}"1@1\%[?,@% s of Fi gurey5
ar e oradd Mi2yis Sitned 6£f) Th2 ODBal JARNADILABHE 2 VIORTD hiRk34 BR529vainbanggrent type
devi ces.. An advant age of tge se of depl etion (or | eaky enhancement)
trans%’ﬁ‘gg’t&@‘?‘ﬁﬁﬁ SIRiigEy W %Eﬁcﬁ%ﬁwﬁmmﬁhd}ilé%@meéoﬁ@mféance of the
use OfniRl NIRE RiksistsPl A BMPEYT! th FirtilYron b4 RTROS M ©f Fioure S,

reduction of the nunmber of different
supply voltage. As a result, there is current discharge capability is enhanced, and

performance degradation is reduced. The discharge capability can be further enhanced by
ensuring that the second NMOS transistor M11 is large enough to carry a desired discharge
current level and by ensuring that its gate is driven by a voltage somewhat larger than Vpp.
: Figure 8B shows thatina standby mode of operation, first node control signal $LVs.goes
" below Vss, Vis-AV, and §STD ishigh. As a result; M1 is tumed off and M12 is turmed on.
‘The virtual ground at the LVGND node is Vss;AV. The value of AVisa voltagé sufficient to
| turn off M5 sﬁongly when M5isa &epleﬁon transistor. -

[0131]  Figure 10A shows another alternative embodiment showing only a bias circuitry
portion 500 of a word line write driver circuit that can be used to drive a word line control

- coupled to the gate of M5. One will appreciate that the driver portion (ot shown) can be
identical to that described with reference to Figure 9A. Figure 10B is a signal diagram used
to explain the operation of the bias circuitry 500.

[0132]  The bias circuiiry 500 includes NMOS transistors 502 and 504, One S/D node of
transistor 502 is coupled to the LVGND node, and another S/D node of transisior 502 is
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types of transistors (in this case, all transistors can be inplene L
only depletion transistors), and inproved read speed. [0122] I\/brenéﬂibg)‘zrd?)6
particularly, in the enbodi nent of Figure 5, in order to transfer the data
from BL- i ncludi ng i nput node 31, to the storage node, 28/30, with
unwant ed Y8I%¥9872 degradation, a boosted vol t age, HVDDPCTUSEMBI%yed.
However, in the enbodi nent of Figure 7, transistor Mb is inplenented as a
depl et iqplcdes Vigakply eabaacapeRior irhiskngisol drcoaslel tbuakivehdogtedevol t age is
not called for. As a result, a special circuit to g er.at% a_boost ed

vol t ageontts! signsl dmecdeddeddng fhﬁ%ﬁ@‘%&é‘ﬁ?@“’ﬂ%\kﬁﬁ the A€ QHEEHSR 02 0PP% he circuit
can be I ; . d] tAGs Lo din the
enbodi ﬁ@n@gg? ?ﬁi&g‘&F"g ?F%‘M%E hi's %/%%?%d&godlpgﬁﬁﬁglﬁ%@?ned iljgﬁg st andby
node, fAsid of aansisoranéisenplsbiorbevidial gtamd codeovegateaitsospet ¥H4.is Al so, by

i npl ementing M6 .and M/ as depl etion transi,stors,.the read Sspeed can be
i mpr ov'éﬁll’lfégo fogerve %W@&%@@%&P‘F@ﬁ%ﬁﬁ“ﬂw@n& pogided fci/a FEPURE° same i nput

vol t ag g@?ﬁc%dﬁql.l.% tdRedeps@tion transistors M5, M/ have | ower
threshgqn VO t’aQGe’s,e%%or the sanme input voltage, the current driving

capability is much larger than that of ordinary enhancenment transistors for
whi ch [0833] t hFiguhol B sholvs fgbinjay aptivegeede, the ¢34 signgbisdhn (¥peed odnf r ont ed

with the us f depl.eti op,or, | eaky enhance e i.hput

('t ansi SR WV EECHAT Vi MGp AR B BU ca P e 892 0 AN e,
when Mpansistor 50Pis @Rat &8 238 the vileR! @bin@modeis 4t ¥8RY This) theadse discHarg@nsi st or ) ,
it is desirable to pull the gate voltage of Mb below 0.0V to ensure turn

of f of patviesurphgyaliags Yesp Aonvereely, in 3 stargibpmpre e Pugivaiiiigl 8 & Ve ¥sen which is

hi gher an S VI gf. ..enhancenent t [ aough stored
datg a ié{@ oWd\{ﬁﬁ?‘i’%SFWﬂéﬁvﬁf& h@bﬂqlﬁﬁ@“ﬁé%%é‘%?kf%é%@ﬁ%@?g gér) ggd. But when
st or edydakaf Saddisth s0Plsrhasd o el the dpulerelirdabad gadvisasver - due to

i ncreased current driving capability of M6 and M/. [0125] Figure 8A is an
illustrative drawing of a conventional word line driver_ circuit 50 that

can bel0#ddd wibeexgratew yoltnee & seembeproducad b PnhinasEErIEMEEIST t he present
i nvent| 3t e TR ! bProti AUy P16 o8 ar@ w1 kchtl togr ound si gnal
appl i e{&ﬁ@ge %%%qu]?i ﬁ%géggra%téﬁeyﬁ%ﬁégur@ﬁg act | veg aarfd st andby 0m)des of

oper at peasons klillalrid ¢ i fmnopatt of the pfdsert inmaenticsy and thgefofe, aEingure 5, for
exarrplgge,?%re %‘o suppress | eakage current through Mb, it is desirable to pull
down 3F59HEEFSHo6 WO 03/ 083872 PCT/ USO3/ 09599

[0135]  Alternatively, for example, M5 can be implemented as an ordinary enhancement
type transistor with 2 high threshold voltage Vt which can obviate a need for the circuits of
Figures 8A, 9A or 10A. In such alternative configuration, M6 and M7 can be implemented
with low Vi enhancement transistors to improve the read speed without the requjrement of

Vrcfl .

{0136]  Figure li is an illustrative ci:rcu_it, diagram of a eighth embodiment of the _
invention. Components of the eighth embodiment that correspond to identical components of
the embodiment of Figure 5 are identified by double primed reference numerals identical to
the numerals used to identify corresponding components in Figure 5. The embodiment of
Figures 5 and 11 are quite similar, and for that reason, only aspects of the eighth

embodiment that are different shall be described.

[0137} The gates of M2 and M3 are coupled to receive a reference voltage Vs Asa
result, the gates of M2 and M3 are maintained at the same voltage potential. They are at

equipotential with respect to each other. A value of Vi is selected to cause M2 to turmn on
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the voltage on a word line (W) to a lower level in a standby node ?2@/@06
an active node. Figure 8A shows a driver circuit 50 conprising an

52 with a PMOS transistor 54 and an NMOS transistor 56. A first S/D of the
PMOS device 54 is coupled to a VDD supply voltage. A second S/D of the

PVOS devi WEBOE9838Hd a first S/D of the NMOS device 56 afPETUSG(I%8d to a data
node 58 that is coupled to the W.. A second S/D of the NMOS 56 device is

coupl eghor®stnyly ihe@h hiphRU(ISEE B volage IH80@aAbE TctfordR iR 2N dpNVOS

Qir&
transistors 54, 56 are coupled to an address node 621rwh| ch provides
addr es 32PnelYreelf pelerted 59 as poplen sanse M3 fedurngmarers stronghowhatalom 19yebvi ded to the

addr esg,ped ' [ G hev e | : [ nto WAL by
The. | nySPror e B SRR R e ABufvop s ha el g i MERGE] 10 (e

vi r t uaktrenghwdidnggdag6of 4 kigh bee! vobagdsied ditnining @dViB werewiegipdatigt i on and is
set to_Vss: durin andby node operation., One advantage .to this schene
is thatgt‘)%%? %?Wd?vgg‘ﬁcggg%}s B@v%‘glwl%émﬁ’él@%"d%flﬁtﬁé’a}é‘? ?}H{Taﬁtq’oﬂﬁde oper ati on
Wi t houRs/Beran b RYinkiseaanste BEVIR aEint poskBE: ciéeircFndiRR et BibekAeiiBh: One
shortcomng wth the driver circuit of Figures 8A-8B is that signal 4 LVSS

has | i FCree@silycansestinchaes of lags of aptardivpiiagedsvske it is a generated signal
rather than a supply such as Vss, for exanple. Due to this |imted current

dri vi npyiggpabishdthet puigdSe ¥ dsiidd),d8 QLA IV PO VASAGexplieg chdilfl bpd ability
to discharge current over a given period of tine. During active Tode

oper at Fhenging G tapsistenseass, Ya andadan be egsireliedo Batt it meroowy cell dsig, for ne qui ckl y
in ord . i - i m.ted drivin apability of
si gnal %{”@%sﬁ g%g (Bg au u@- é&{(? 21’ %ﬁﬁlﬁ%ﬁ d % éségﬁ%@gg%b #0 g}a%\/l\%eﬂrc?nfllstﬂres}%? ’ﬁ[& eby

i ncr easiiwyVeoueValsince yelnery ¢elie typlcally &t sepeatedinhy, tinssch @n intepatddscirchine sum of

(o o piSey” g ontorl b et et etRade g VBT ot SaP RO SleF d | ne. and

set Ci the bvdrall bR Wor Hk rdaltd, NEsY be MBRS ALk 10lcBkied V7, Fh@ W, By S Circui t
di agram of an alternative enbodinent word line wite driver Circuit 400.

Fi gur e* Ysx yaltage lovel satherdhanchvadiusinatrangistexsizesi n t he operation of the
alternative word line driver 400 both in active and standby nodes. The word

line doisgr ARPexdnfid Us@Scandl W Y& se gﬁgg&& ﬁ%ng%%glgg%%ﬁ&éhe W. contr ol

line. The word l'ine driver 400" inc as Clircuitry 4 ed to
r egul draasigion wgh ¢othatiestiateddn tipe obdrvad 0 1 wf the\ininpdingrein df Figere §,0Mt he gate of

wite I | | 81 The driver section. 402 includes a PMOS

trans i@?‘g%?ﬂ %%?Og&%()rflﬁz ﬁl\}%%’)t %“gﬁ%i Y61 59868 "Hg%ﬁeﬁ&"’ﬁéige%t ive S/D

j unct i'Ts, oW bEM2tio- 172D gk aid M2 wels el Dulilo the High&iSmedniid gate voltage
(Vrees=1/2Vpp), M2 of Figure 11 turms on more strongly during T1 than does M2 of Figure 5

and thereby provides improved noise immunity.

[0140]  Also, during a low-to-high transition, as in T1 but with Vies=1/2Vpp, transistors
M3 agd M4 become self réverse biased. In such self reverse biased state, the Vgs of M3
becomes 1/2Vpp-Vg, and the Vg of M4 becomes VDD-V;} It will b_e appreciated that the |
value of Viege coni:ols' the value of Vg at which the Vg; 0of M3 and the Vs of M4 cause both

M3 and M4 to become reverse biased.

[0141]  During a high-to-low transition like that of time interval T3 with V,n=1/2Vpp,
M4 tumns on, and the voltage at pull-down node B drops to Vgs. Whereupon, the source
voltage of M3 also drops to Vss. Assuming that Vss= 0V the Vgs of M3 becomes 1/2Vpp,
and M3 turns on. Because of the higher magnitude gate voltage (Vies=1/2Vyp), M3 of
Figure 11 turns on more strongly during T3 than does M3 of Figure 5 and thereby provides

improved noise immunity.
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is provided to a driver input node 410. AW control signal is provi gzgoa/% 06
W. via a driver 33 27/09/2006 WD 03/083872 PCT/ US03/ 09599 out put n P
One S/ D node of PMOS transistor 406 is coupled to a VDD supply bias

vol tage source. One S/ D node of NMOS transistor 408 is coupled to a virtual
ground (WOGM$SBi as vol t age node 414. [01291 The bi asPETWpQW0P$99 404

i ncludes first and second NMOS transistors M | and ML2. Transistors M |
and N[LZOd:@it r oAlst hariugh highy¢o-loawiednsitiont ds én T3/Gitvithdde=1QVep, Stabsistoge of  ML1

L opnty VT ad RdSor TR Biaal T A3 s0f evitos WibRE sfeetie s PEMET D o1 Pst

node cdtomds -MAmﬁhmﬁé-V%Q’—- 0V), end e W g0 bf M2 fbedontes MRV, 0QN Wil Haode 416. One
S/ D node of M2 is coupled to the LVGND node, and another S/ D node of ML2

i s couptndgrsioad thettbe \V/@uft eV ini Gostolprigealig of Veopt \gmglhfap Vg10f3d1 anglrtbe Veled t he
first W@ﬁﬁ@ﬁ&ﬁm%ﬂﬁwﬁ%ﬁbeé@%&&r&% also is coupled to receive a

second node control signal st andby) provided on a second node
control node 418. ! 0130] Figure 9B shows that in an active node of
oper at i[8H3]f i rFem, regoing.grsosy dried in thiewe avill sprinécigte thatavabsadiVebxnode

Cur nod 51 PO e e g S90S A i sk et e e s GRG0V g

| evel . prMaau@imﬁnMElrmdmtyﬂmr@tacﬁmstmhepbrdthﬁ“&ﬂealﬁda&ﬁmga’anSIStor M |
NMOS t r.ansi st or turned off, the virtual

t
o7 ound RO TP B I ket Rt ren s Xrob A 58 HSGL ¢ hor 6 | &
curr entdyﬂdn&@éflg{f(ﬁﬁtr&lmls vbhhg bﬂﬁﬂ{m%mfg%élﬂrev%é hiak Eauag@ngegr adation is
|

reduced The scharge capability can be Turther enhanced by ensuring that
the sedWHRFNGE valuapsYst %ﬁ\nhﬁ‘nﬂseﬁ tp sdipgtiterevabuss oG ¥ia ensl Vmdripgaevgese brasd

di scharcggdm&grrent | evel and by ensuring that its gate is driven by a
vol t age sonewhat |arger than VDD. Figure 8B. shows that in a standby node
of operation, first node control signal $LVss. goes below Vss, Vss AV, and
$STD i 4014dhh. Figurg 12 ssswliflustrpfivel schensatic diage dfafmdidtadisborigs cirawibiad on. The

Vi rtual Vss The Val.ye o a voltage
suffici e‘% ﬁg%%ﬁjr%ﬂ%febl%epgﬁé Wﬁgﬂ%m qegis g g’ﬁ&'ﬁﬁ%ﬁatﬁﬁ st or .
[0131] cﬂmmomnsmmﬂegpoﬁmmﬁdeﬂutﬂrcaﬁponeﬁts@m@dmmmeﬁtrwm e§nly a bias
circuitry %F‘ij{’ goo of wor d Ilgagswrlte driver CII‘CUI'[ t hat can be used
Co drigEide REg reFrencediipicrts identicpldo fimamsralsyised torideniify |
appr ectgtdpdddfiz doRPosbintsR FighPd 5.1 PRk i hP¥ Bigh?s 5 3Rd 12 are quite

similar, and for that reason, only aspects of the multi-state storage circuit that are different

shall be described.

[0145]  The mulii-state storage circuitry 50 can store data at multiple voliage levels, and
each voltage level represents a different logical state. Each voltage level serves as a steady-
state level Whlch cari ‘be sensed using level sensmg c:rculfry, ‘'such as that descnbed below -
w1th reference to Flgure 13. Inone embodiment, data can be stored at four dlfferent voltage
levels, each representmg a dlffgrent logic state. The followmg table provides and illustrative

example of cotrespondence between data storage voltage levels and logical states.

Multi-State Storage Example

Data Storage Voltage Level Logical State
0.0V 00
0.6V 01
1.2v 10
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identical to that described with reference to Figure 9A. Figure 10?2@@2006
signal diagramused to explain the operation of the bias circuitr :

[ 01321 The bias circuitry 500 includes NMOS transistors 502 and 504. One
S/ D node of transistor 502 is coupled to the LVG\D nod and anot her S/ D
node of tY2A¥PEEBr 502 is 34 27/09/2006 WO 03/ 083872 ﬁ@?’ﬂﬁﬁd’%? 99599
coupled to Vss supply voltage. A gate of transistor 502 is coupled to
receive a first node ggwtrol signal +actijve provided to a first node
control node, i.e., the gate of device 502. One S/ D node of transistor 504
I's coupl to.,a virtu d node (LVGND and not her SID node of
transi@[lga SOEraf%‘StE]ngle etsﬁléagﬁquﬂ%ﬂp"g ifferent vobage levklsyeach of transi stor
504 i Srepeeuiphed dfferemgicmtaee qﬁeﬂ@anmﬂﬁerﬁ Mg aﬁhpzﬁwdaﬁm&%tt@aﬂg% si gnal

prOV|ded to a second néde control node, I.e., the gate of device 504.
[0133] Wmﬂil gﬁnUécq complethigvisput hede 28/304 nwatbtaudwe.n m@d te the gatgof wansistognal i s HVDD

(VDD+ I@BJr %é}“ \ S35 A sult, in an
actlve no e @4&9%08?@@ hedo%r ?1@6 exgl?lg%ds {°Y eg‘?ﬁ%c? gfl{dgrnded of f, and
t he VItilbsmjrcngfmm&enmqb@dlasprﬂlddﬁﬁﬁmd}'th, there is a discharge path via
supply voltage Vss. Conversely, in a standby node, the 4active signal is

LVss ( nd the Vss.signal Js.Vss-AVl, when vVdd. As a
resul t[}{f‘ﬁ]an ﬁll{s’o © 8qy5ee;of fﬁ?eh"e?ag% ml‘ ‘f"rltﬁ%e?%%g’r" aEpofe zg)gpur %‘Eilotﬁ% and the
Vi I t Uadategsf OB ebcéiosiar jull-daivn Mede MVolkage ﬂ&éﬁﬂ Thid@e enbddaném VY brhmees LVss can
be produced bgﬁ on-chip or external negative voltage generator. The

generét cplstlion devirs th arlistamputvalizgsin 9 dhe satfref M ¥ ‘We SUMHE to persons
ski || gt} theld®r ﬂaltof(P(W“ﬂ RRf Tait&%tv@ﬁnig{iif&\ﬁgpé m&ﬂ”éﬁ?éﬁ?éd%a[lé%ﬂg therefore,

are no descrlb d herein 013 or exanple,” Mb can be
i npl ercabaneement transisgrdr namwrémmmmm Diffgnent M8 tramsistardypesdendh toethdri gh

an, - okrbiifty AtellelbliolekREuR g 3L frT SRR s R alobialie OV

i rrplheﬂ‘qmttﬁdtagwiwtlthodt(amy%ltagm&ﬁﬂﬁﬁf%‘dgpgég]atlmﬁaw&Mpsmm@ﬂf the r ead speed
W t ho uir 0 Vren 1 Figure 11 is an illustrative

ci rcuﬁlﬂ‘e%% E’g@itgﬁ 8?&&%5‘1’18 i8 3p SulinaEy iransistorthe ipphyekageskerrebnponent s of t he
el ght RoRARAFIREME thrBdbldcRlkR TP RRAGrdifar 48Rd&A)iN 60 TRARE & (e te of

the M1. Therefore, even though the operation of the circuit is explained based on depletion

transistors it is important to note that other types of transistors can be used.

f0148] A role of M8 is to control the voltage applied to the gate of M1 as a function of

the voltage of node B which is set by the applied (written) voitage to the cell. For example,

the voltage of Vp is different for different written data (voltages). The voltage applied to the
gate of M1 is adjustable and dependent upon the most recenﬂy mput voltage provided to node
28/30’”

© . [0149] " In apresent embodiment, essentially, the gate of M1 is coupled to storage node -
28/30” through transistor M8. When M8 is turned on, the gate of M1 is coupled to node -
28/30°”. Thus, the voliage applied to the gate of M1 is determined by the voliage of Vg
- minus the threshold voltage of M8.

[0150]  Inoperation, assuming the above example voltages, any one of the four example
-voltages can be applied to the gate of M4 as Vi,. Each of the four input signal voltage levels
corresponds to different digital logic information that can be stored as indicated in the above
chart. Aninput voltage Vi=0.0V tums on M4. An input voltage Vi;= 0.6V turns off M4.
An input voltage Vi;=1.2V turns off M4. An input voltage Vi,=1.8V turns off M4.
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t he enbodi nent of Figure 5 are identified by double prined referen

nuneral s identical to the nunerals used to identify correspondi ngcf7109/2006
conponents in Figure 5. The enbodi nent of Figures 5 and 11 are quite
simlar, and for that reason, only aspects of the eighth enbodi ment that
are diffeW@A¥8%3| | be described. [0137] The gates of REVEMIORB%are coupl ed
to receive a reference voltage Wrefx As a result, the gates of M2 and M3

are naj0158) new3ds dépmoﬁmeak9leﬁ@a@emp%ﬁﬁdmépmémeﬁs & ®hétits Vg potenti al
with respect to each other. A value of Vrefx is selected to cause M2 to

turn offealgtihangrega 0V D e swbatment ptiiewsold: HoFey ofdiis seuplsddd y when a
hi gh | etyeetivd kBt sLlwit Ol £R0R. I Fhotdrftt 33 RAwhBforthPERABe Ble/ill bhdfne? - The

value of VnfXx I's sélected so as to al so cause on “nore strongly
when avéliagelewsiel (logic 0) voltage is stored by the storage circuitry 22".
An advantage of turning on M2 nore strongly during storage of a high |evel

vol t ag d Y31 a5 n oI e ngl j st or of ,a low | evel
vol tag@llgg i?rlg'porr(}y\?bg'o%%\@els?@n?%ﬁ “‘%WA (fg?‘ées‘%%gl%ﬂl%?rgg%g&rﬂ e 28/30" can
be mai MBandd camee Vs &f dby @OV NS tes & when B R4IE td ROV siaed Aehat hat ot her wi se

m ght _ nor S| use discharge or |oss of a stored voltage |evel.
[ 0138] P%{oﬁﬁﬁ“%h%p por, éfi%‘gp‘\gv,v olfage jexel; G0 is gpplieddo Yagaf of/B. As

expl ai med T8@EthicSthe vOlYage aMRBShRE: AdaEof VR Sd.GF Or Si zes, VA and VB .can be
controlled. But in nenory cell design, for exanple, it nmay be inpractical,

t echni 2—1‘.}|y or econom call¥/_ to change transistor sizes, to adjust VA or
VB, si Tive nfiSF YAPBEYQlaEssE VarO 8V, 4 r2d qrd fova ivEkis firpsd qu while M isgwnedit egr at ed
Ci rcuids @ : SEEG ﬁ,h@ o ansi st or

si zes can sieage%i)bﬁh%%nt J}}Qrg‘t%%%,‘lﬁ%aﬁgg overgiglrﬂﬁh%%sbgslr%or %gjtﬁﬂérlgpaé%n, it may be
nmor e dHbsige aiiode Bo VWisnttheotolteige aipull-dBvibyodeiBweaihega lexel\WRatwdiichdgeVi evel rat her

t han I i ng transhst sizes. [01391 For exanple, assune that V,,& is
sel ec?%ﬁx%%ﬂg;énof%ﬂ%% &P)‘z’rl?[rgémgs?lbwto- high transition such as that
illustrated in time interval Ti of the timng diagramof Figure 6, M

t ur ns {8154] Thdiogli;e0.09) Magenodn When G=M02 VoDV, a6V i M@ tiriis 61 whensour ce vol t age

of M is. el e Vgs of M2 is -1/2VDD,  and M2 turns on. Due to the
hi ghervﬁgﬁ?ﬁ%‘éﬂ;é{’ygmsﬁefgrYﬁ%jﬁ"f %VDb%)‘?’l}ét'BPS@F M&=Y% turns on nore
strongly during Ti than does M2 of Figure 5 and thereby provides inproved
noi se [0I85YNi yansisfdt MBIclAlSGhe FlagBvea slofidat Roddi28IB0tT B A iR Reltas | N Ti but

with erlrfeﬁi}észfg ovirs.t A Qnsli\flﬁttl?r;lss on with Vi;=0.0V, M1 turns on. M2 also turns on since

it has Vpp applied to its gate and Vpp applied to its source giving it 2 Vgs of 0.0V. The level
of node B (V) is set at VO (e.g. 0, OV) according to the bias condition and transistor sizes of

- M3 and M4. However, if current conduction through M1 and M2 causes Vi, to begin to rise
above 0.0V, M8 will turn off since its Vgs=Vp-Vi, no longer will be greater than or equalto .

_.0.0V. Thus, when Vin=0,0V, M8, M1 and M2 cbdp,eraté-t'o. clamp the voltage at node

 28/30°” 10 0.0V even after transistor M5 is turned off and the storage circuitry 50 is

" elecirically isolated from the BL-W bit liné. Tt

[0156]  Similarly, when M8 turns on with Vi,=0.6V, M and M2 tur on. The level of
node B (V) is set at V1 according to the bias condition and transistor sizes of M3 and M4.
However, if current conduction through M1 and M2 causes V;, to begin to rise above the
voltage set by this condition, M8 will turn off since its Vg no longer will be greater than or
equal to 0.0V. Thus, when V;;=0.6V, M8, M1 and M2 cooperate to clamp the voltage at
node 28/30" to V1. | |
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MB and M4 becone self reverse biased. In such self reverse biased Sé??ﬁ’
the Vgs of M3 becones 1/2VDD-VB, and the Vgs of M4 becones VDD VB. <l %3906
be appreciated that the, value of V,e& controls the value of VB at which
the Vgs of M3 and the V. of M4 cause both M and M4 to become reverse

bi ased. [WP#P83Bring a high-to-low transition |ike th&CTAROHOM | nt er val

T3 with V, n=1/2VDD, M turns on, and the voltage at pull-down node B

dr ops {ols’s'ES- LMRRARUPRA ME RensSAWREY, MO A9 i MV BirRbS OTIIORS of O VSS.
that Vss = OV the Vgs of M3 becones 1/2VDD, and M3 turns on.

QZE ;Lﬂ s gl%érflo‘t’m@)dqiﬂg ey is neighV 2 ecterdies o thadtiasapeditivn aetbhaNDBizes MBMBf  Fi gure
or ovi dnt AR, B0 S AR PRl N30 B i Bl 5 1 o
Wt VLol VD, Lt 2SSt M and. M. becan Sl fever e biased. [N
such s8fFet %‘\?é?@‘gh E}fr%gg‘}lg ?‘}ij’[’l\étz ci“ﬁ’ésa%go Reemyip ri%@(%?ﬁ-@r- My Wil g ok ng Vss =
Vel e of NN Banicreor Ml pEECRRS g QR YPo.ok! TB NERCH s S AT he oo

of M2 ELME conpertap clamg thavalieghat sode2d/37etos¥e2-bi ased. [0143] Fromthe
foregoing, persons skilled in the art will appreciate that a value of V,efx

can bejoistec! Sl dneeMBlintE of ivith V=L v MPuAh. The Mieriidodd can be

provided so as to" provide sufficient nbl se | nunity Ing active state
oper at BoYe.Wwhiet & V& asoording itethe higs eondéivinfand tremsistes elzbs ofd2asidMBbi Bsr ef fect to

sSuppr ess_ Lr . S \V.f. can .ysed ro ,dynan |1y control
t hgpno‘gié—i\igﬁ’@%ges“ﬁ ¢t §%n’§fg?/§"8‘ﬁ‘?fi%“d8‘§{‘?9?e?s€ gﬁ%@eﬁﬁﬁt@%ﬁfﬁﬁyﬁi@% Adj usti ng
t he vadndd 2f di¥ teednesd dhennebealdiictanaelpLislt fortteghenhpplisd adltayd HewevdBifur i ng

reverse bias _canditiops., [0144] Figqure 12 is an_illustrative schematic
di agr afHF5Rt condhfion thé‘t“&ﬁ i’ﬂs"{r@% gaue?sgéuﬁotbeglﬁ to gicyPraYbMewithivg off nt h

enbodi gigRtits ., 1 1BndePWANGd QBater GUINARED B OV ! PRusWhid vistiahe ge circuit
enbodi ment  t Kat cl(l)grer espon% 10 identical corrpones’nts of tﬁste’yn%%?rrent of

Fi gur eand M easperdiente Pitp thepipltage adhedediB398 ko8t er ence nuneral s ‘i dentical to
the nunerals used to identify corresponding conponents in Figure 5. The

onl'y A0Sl o TP e pufifud GolPafbii 0 ST AN AR 7 [ 270N

than two voltage levels, and each voltage level can represent a different logical state. The
different voltage levels are written into the storage circuitry 50 via BL-W and M5 as
described above with reference to Figures 5 and 6. Circuit techniques used to produce the
different voltage levels for Vi, may include the use of different generators and/or internal
voltage regulators. These techniques do not form a part of the present invention, and
therefore, are not explained herein. Likewise, the different voltage levels are read via M7’,
Mﬁ and BL-R as described above with r:efq;‘eqpe tgj F_‘i.glfres:', 5 jmq 6,

B [.('}i'f'iﬂ] -_ _Basicaliy, to clamp th_é bitlliﬁ._e disrcha.r_ge 'l‘evczzl,, Mﬁ"; can be imp'lemented bya
PMOS transistor since bit .Iine. voltage can be discharged down only to the stored x%oltage

* level plus Vip, where Vip is the threshold voltage of PMOS M7’ For example, V1 level is
stored at the storage part, when the bit line voltage is discharged to V1 + Vitp, PMOS
transistor, M7’ is turned off. Similarly, the bit line can be discharged to VO + Vip, V2 + Vip,
V3 + Vip for V0, V2 and V3, respectively. Circuit techniques used to read different voltage
levels from the storage circuitry 50 include the use of a sense amplifier with different

" reference voltages or their combinations,
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shal |l be described. [0145] The multi-state storage circuitry 50 CanZzS'GéFZOOG
data at nultiple voltage |evels, and each voltage |evel represents

different |logical state. Each voltage | evel serves as a steady- state |evel
whi ch bai] be. sensed using |evel sensing-circuitry, such as that described
bel ow wi ¥R %8¥8%%ence to Figure 13. In one enbodi ment, P&AUEO¥8H?be stored
at four different voltage Ilevels, each representing a different |ogic
state. Oh&If ol Figwrend it aoillastpiiovdrdeimgaiid mulli-ts bl sahde tipliRe S0PHAT @

d | [ | d | i | )
T e B RS e & e P e A ST B 0D abides ) et at & O, OV
00 0. Gburftilsense. adM1iHGrs 687-14d 6024 206 st tmugl?foqgtﬁ’?%rgc W@éﬁ@%ﬁ)@&% 1.8V 11
iple diffe

[ 0146] Trg@;i stor MB enables the storage of nu p rent vol tage
| evel s, 8%tk Thepmecumliigyalso iplndes v throweghi fourth NANDegates 60Gh & @6bbdi nent, M8
conpr i sdggf@@thl}g@t&gﬁﬂﬁ]' el hdd u led to input node 28/30"',
W th a_drali n coupl e to%?hé?ﬁﬁgéé;} ?ot%n‘{s'?%egv%gﬁc?mgﬁn&ﬁ% a gate coupl ed
to pul Intgisopnepigdtes Bowadyeptvaiinefdniateomect lilte 65lur ce of M3 and the source
of M4 are coupled at pull-down node B. [0147] Thus, the source of M

Fecel v ARl G b B e bt ol SRR o st ulBer i Ohe
conpr i {edtagalevd pf podes/308Y iphe tHehintshaRDIdliESe M7 NEHd MPit 2PRIOE N to the gate

of M en_ Vgs, of MB i reater than or equal to O OV. However,
al ter n%s\ll%?ry?\sﬁéplé’é‘ﬁé %@Vgﬁ% \Ejﬁtégﬂ@dw%cas sebbxipe vaiiempelage M0, Vlansi st or or
as an onadr V3l Thidefns e Witagddedd GLERBIM ' il 9 the
provi si gn of djfferent vola%a e |evels tg%ﬁg@lﬁg{tgﬂﬁﬁpﬁgﬁl Pis a
depl et MEFn tie Yplagg deviel of:nede 2H{BUT isdd, wégrs Vaj is thubreshold wodihgead®ITr op can be
appl i edipbOni7h i . threshol d vagltage is OV.. Wen MB is
an or di nar y trfégg@ %‘g?%frw,h%H‘gVpﬁ%ﬁﬁg\%oqlgéaégawyﬂbé%me38‘1V‘fsg§‘g{35§/g?'\/ﬂe VB :
tEreiﬂhW@EW$agEﬁe¢hatgaésm.deh a%]logicelﬁ&j S’lﬁﬁstda?ditﬁb@emw_ i gk tot hle _gatg of
t T , the operation qQf the circuit expl ai ne
b ag ed igﬁnr&ﬁ%ﬁrg %%eﬁwhelgheﬂ[,—tﬂ]c?alﬂ%mcharg% is Q/tp +aV|1 Similarly, the mimm#nll volltafge xpra

levels when stored voltages are V2 and V3 are Vi, +V2 and V+V3, respectively.

[0163]  In apreferred embodiment, four sense amplifiers 602-1 to 602-4 are used to sense
four different states. Each sense amplifier has a different reference level. Sense amplifier
602-1 has a Ve, set to have a value between Vip and Vi, +V1. Sense amplifier 602-2 has a
Vierz sct to be between Vi, +V1 and Vi+V2. Sense amplifier 602-3 has a Vs, set to be
between Vi, +V2 and Vi+V3. Sense amplifier 602-4 has a Vref4 set to be larger than
’ Vit V3. For a certain case, for example, the third amplifier 602-3 using Viess can be omitted.
Assume, for ‘example, that the voltage of node 28/30™ is 0,0V, thus the BL-R is discharged to "
" Vip. Sinoe all reference levels used for the amﬁliﬁers‘ e;re‘hig‘hér ﬂxan Vip, all outi‘mts of sense
- amplifiers (SO1, SO2; SO3 and 804) are low. Since SOI-bar, SO2-bar, SO3-bar and SO4-
- b;r are i'nverting signals of the outputs of sense amplifiers, only signal data-00 goes to high.
Similarly, Data-01, Data-10 and Data-11 go to- high Whén the stor-ed voltage are V1, V2 and
V3, respectively.

[0164]  In essence, the clamp circuitry operates as a limiting circuit that limits a voltage
swing on node 28/30™ ag a function of an input voltage level Vi, most recently applied to
node 28/30°”. More specifically, in one embodiment, the clamp circuitry operates as an
adjustable voltage limiting circuit that adjustably limits the voltage level on node 28/30°
based upon the input signal voltage level Vin (i.e., 0.0V, 0.6V, 1.2V, or 1.8V) most recently
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transistors it is inportant to note that other types of transistors Z@@@OG
used. [0148] Arole of MBis to control the voltage applied to the%

M as a function of the voltage of node B which is set by the applied
(witten) voltage to the cell. For example, the volta%e of VB is different
for diffeVO%F%tten data (vol tages). The vol tage appFCEFHW*#™e gate of

M is adjustable and dependent upon the nost recently input voltage

provi defbvided oRH&le 28863 0ia input b Urclifly 24'Pr RSB be SIRQSHIBR L a1tBRSENt 1 al 1 Y,
the gate of M _is coupled to storage i?lj(l)de 28/ 30""' "t hrough transistor M.

Waen MeRly $our gtfreant erpmplaeoltae leveds have been dessuibedier Vo. thomwlti-stae slorage  Thus, the
vol t agg, QBB §Pdn 5@rd ! ]Edf)dié ' ' . of VB mnus
t he thr.éshol d vol tfaglg@rg Q/gc-nﬁ gﬂt%lﬁa%%%&%ﬁgeﬁ%gggﬁ%gﬁxgﬁgﬁg above

exanpl édiffersint lngiesl statsay one of the four exanple voltages can be applied to
the gate of Mt as V. Each of the four input signal voltage |evels

corres S t iffer .di qgi Lal _l.oqgi,c inf.ornmation that .can, be stored as
i ndi ca@ggﬂi n t% ﬁlgwes{tt)lgo\ggﬁ Et(‘: ng?c% ﬁle}&ﬁe‘ir‘ ’&fpllbe%fnteﬁtég ,eﬁnﬁﬁd‘(ﬁpﬂfr ns on M. An
i nput  duphttingdrokd thespirit@Md s¢opa of e invidltion. ABr éxapple, Mobd@eMindtide 2V turns of f

M4. An input oltagg Vim1.8V turns off M. 38 27/09/2006 WD 03/083872
PCT/ UH3) opePrEAgre fsererce yaltases Vo apd Vrep sakie mAYidrtietiergaies of ansi st or

that tmpRadwms, w@@atiirélﬁin‘{ﬂéelﬁﬁodhﬁ&%;ﬁ%imﬂ ﬁﬁfoﬂ-lﬁﬂﬁ?&natﬁ@e, g@){am@@, the

enbodi nent of Figure 12, the gate o is coupled to effective ground

Vss, vihfeproyide m @ditionyadéees teansinpr insetiesrwithdb in thowriteeth affthe he f our exanpl e
vol ta . li&rj?ﬁ =9 | rned an VB becones O OV

t he cgﬁ?ﬂe‘)ﬁﬁ%gst% r%du‘tdﬁﬁ’l%oagg %c%%ﬁlggge%epgsg?g%@@%)aew_ MB turns on
when \d8nfigtddgo b given BAL-Bi atcle saine tihmtin theeraniory M3y, When WILOW.is Yhledupon, the

i nput val level V,., =0._OV i.s . applied to the gate of. M. Therefore, the
vol t ageéa?i#ifqﬁémg BQPPE%(é%th?@ChOCFH mcqagg%@)pbsfsc{%@rgg@?ccp%gng thHsicell it ages of

Vi n=0.1634rd1dssdYit96pctatidl, THMS cirScalist (REnRH p¥ér Budilhptisn.t WhBRr 8ff. For each
of these input voltages, a | eakage current through MB results”in a build up

ag . ent .
of clidfiyg ons marsyrddisionglpddressfeangigiorsdp serigs withthe Mo wheashadl, B is eaches a | evel
VB at i = \M: i . . ns on. [0154
For V;p@bﬁgtfyﬁﬁgxa% ﬁﬁﬂ%ﬂétﬁé%ﬁ%@e@%?&@ﬂa %@ﬁgﬂ%mt%y ‘on vvhen[ ]

thereby reducing power consumption. Thus, the foregoing description is not intended to limit

C

the invention which is described in the appended claims.
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VB=V 1. For V1 1.2V, MB turns on for VB=V2. For V~=1.8V, MB turns 271’(%/2006
VB=V3. [0155] Transistor MB clanps the voltage |evel stored at nod

28/ 30"' to the input voltage level Vi. as follows. Wien MB turns on with
Vi, OOV, M turns on. M2 also turns on since it has VDD ag) lied to its
gate and WOB*4PBi% ed to its source giving it a Vgs of BCHYS #‘Hé‘”’l evel of
node B (Va) is set at VO (e.g. 0, OV) according to the bias condition and
transi stor sizes of M and M. Hovems if current conduction through M
and M2 causes V;,, to begin to rise above O OV, MB will turn off since
its: Vgs Vs V;,,,.no | onge be greater than or equal to .QO OV. Thus;
when. Vi n=0* %nteﬂategﬁkf"wogl?&'ﬁ]é‘ ate to. clanmp the. voltage at node
28/30"." to OO\/ even after transistor Mo is turned off and the storage
circuitry 501s a fRkeMIOBG@hdistord SOl at ed fromthe BL-Wbit |ine. [0156]
Simlarly, when MB turns on with V,=0.6V, M and M2 turn on. The level of
node B (VB) is s% fil) V& accordl ng to the bias condition and transistor
sizes of MB and? iSO f current conduction through M and M2
causes Vi" to begin to rise above the voltage set by this condition, M
will turn off 5|a@§@nﬂmosu5}glst@nger will be greater than or equal to

O Ov. Thus, when Vi, 0.6V, MB, M and M2 cooperate to clanp the voltage at
node 28/30"' to V I §9 27/ 09/ 2006 WD 03/083872 PCT/ US03/ 09599 [0157]

Li kewi se, when RBeond AMOSTraRsielevin 1.2V, M and M2 turn on. The |evel of
pul | -down node B, VB, is set at V2 according to the bias condition and
transistor si zeaﬁea‘t bMBvolRRenddk: coEﬁédMaJﬁrét saMce/aﬁaﬁ dJrew srs3@iiogol tage |evel
of node B is higher than that set” by Vi. due to reduced channel
conduct ance of S5 hi gher applied voI tage However, if current
conduction through M and M2 causes Vi" to begin to rise above V2,. MB w |
turn off since j ual to O Ov.
Thus, when Vim ?Lbécﬁnd/ﬁ%Maéé}gtgg%'\}gdlééfggggfg%@&%egd}%;%%ﬂmg e @ol tage at node
28/30"" to V2. PMOS8] Finally, when Ms turns on with V;,=1.8vV, M and M
turn on. The level of node B, VB, is set at V3 according to the bias

condi tion and t F, 1 SV, the newy set
vol t age | evel pulb?agggl\s:\%e{lgée&&p cﬁygﬁ% %%tlil%bé %torby Vim0.6 and

1.2V due to reduced channel conduct ance of I\/I4 for higher applied voltage.
However, if cut fourth binemeltage hode cohpledigpha date ofiiiek sh@nd ANIOS tremsistort 0 begin to
rise above V3, MB wll turn off

a pull-up node coupling a second source/drain of the first NMOS transistor to
a first source/drain of the first PMOS transistor;

a pull-down node coupliﬁg a second source/drain of the second PMOS
transistor to a first source/drain of the eecend NMOS transistor;

- - Lt - .

- an jnput node; - -

a storage node eoupling a eecond source/drain of the first PMOS transistor fo a

" second source/drain of the second NMOS trans;istor;
an output node;

an input switch coupled to controllably communicate an input data value from
the input node to a gate of the first NMOS transistor and to a gate of the
second PMOS transistor; and
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since its V., no longer wll be greater than or equal to O OV. Thus m@@OG
Vi 1.8v, MB, ML and M2 cooperate to clanp the voltage at node 28/%6'

V3. [0159] Therefore, the nulti-state storage circuitry 50 of Figure 12 can
maintain nopre than two voltage | evels, and each vol ta%e | evel can
represent VR %M¥#%rent 1 ogical state. The different volPCAHEYRPE s are
witten into the storage circuitry 50 via BL-Wand Mo as described above
with reference tfofth@tnash Eovpld iPeonfbll bl domrRehitRSred8RevAR produce the
different voltage levels for V;n may include the use of different
generators and/ %meh%@?liﬁ&@md\?éﬂha@étp}“é@é?-at ors. These techni ques do not
forma part of the present invention, and therefore, are not expl ai ned
herein. Likew seye g Middienebtcyelt age levels are read via M, M and
BL-R as described above wth reference to Figures 5 and 6. [0160]

Basically, to clanp the bit line discharge |level, M/' can be inplenented by
a PMOS transi staeresithelrshhias voliage npge e third bips valtzasmadapseicaipled only to
the stored volt : tp s, the threshold voltage of
PMOS M7 . For e%%pt E?&@Jllpci%en\l%ﬂ%@%ps glr;g%f}{é)t%e%’hael}dstor age part, when the
bit line voltage is discharged to VI + Vtp, PMOS transistor, M/' is turned
of f. Simlarly, whereiniiha sebonddizsanitige ndidsaiddhg®drih biay/@ltegdtiquie a2 + Vtp, V3 +

Vtp for VO, V2 ect.i vel. i rcuit, techni gues used to read
di fferent vol taé(;};e?1 16?%‘68#@%?%‘%???@5@@#? f’c@i‘)re @11‘3 50 i ncl ude the use of

a sense anplifier with different reference voltages or their conbinations.
40 27/ 09/ 2006 W DgA&de#20iRETI4RA3/ 09599 [0161] Figure 13 is an
illustrative drawing of a multi-level sense anplifier 600 that can be used

wi th the enbodi t. of F gure . The sepse amplifier 600 includes first
t hr ough fourth%%ﬁggheécﬁlﬁgﬁw%q}ég%?fg@fmf@'ewlﬁﬁ’aﬁﬁeﬂg SR OEgh fourth
sense anplifi ertotkiexepstedDiiwith rdspecb@dach otfidie sense anplifier also includes
first through fourth NAND gates 606-1 to 606-4 and first through fourth

out put driyers £A08-1 to .608-4.. The various conponents are
i nt er conne ted-ﬂé“g‘i'?%'iﬁ?dwmﬁt‘?fé’{%rlk of interconnect lines 610. [01621
Thus, the maxi num vol tage which node S can have is the gate voltage of M

(vol tage | evel wiierslnde izt Witch anp kheSoutpieswibhesd @WndoNbld iaesopefatdV' , since
M* is a PMOS transistor. As expl ained above, the voltage of node Cis set
by the witten S\VBIHhé'ge, VO VI, V2 or V3. Therefore, the voltage |evel
where BL-R can discharge in the read operation is Vq,

the input switch communicates an input data value from the input node to the
gate of the first NMOS transistor and to the gate of the second PMOS
transistor while the output switch isolates the storage node from the output

node; and

. the output switch communicates a stored data value from the storage node to '
the output node while the input switch isolates the gate of the first NMOS

transistor’ and the gate of the second PMOS transistor from the input node.

5.  The integrated circuit of claim 1,

wherein the gate of the first NMOS transistor is coupled to the storage node;

and
wherem the gate of the second PMOS transistor is coupled to the storage node.

6. The integrated circuit of claim 1,



when the voltage | evel of node 28/30"' is OV, where Vg, is the thre%?&g/zoos

voltage of M/'. Since M/' is turned off when the voltage | evel of
bel ow V" so the | owest voltage |level where BL-R can discharge is Vq,.
When a logic state, VI is stored at node 28/ 30"', the m ninumvoltage

whi ch BL-WRO&M3Bi2scharge is V1, + V1. Simlarly, thePhHSHIRMNol tage

| evel s when stored voltages are V2 and V3 are Vtp+V2 and Vq, +V3,
respectively. [ Giifedlin th gite Bf @b EFst RUESRAMISER Mooufledio tREAGEgAwakE] fiers 602-1
to 602-4 are used to sense four different states. Each sense anplifier has
a different reference |evel .  Sense anplifier 602-1 has a Vren set to have
a val ue bet ween Wereahhe geje el the sesapRMBRiransistaris geypled tp fig storaggmadeset to be
between V, p+V 1 and Vq, +V2. Sense anplifier 602-3 has a Vren set to be

bet ween Vq, +V2 aifdreiothe Mput SSAIZE SnlB biithi@%yitB0 g dotttNalle V] @bferget to be

| arger than Vq,+V3. Forr a certain case, for exanple, the third amplifier
602- 3 usi ng V, efuddhitbe onitted. Assume,.for exanple, that the voltage of
node 28/30"" is O OV, thus the BL-R is discharged to WVtp. Since all

Cance ampl 111 one DR A ST ) 5 AlbalRENRl o) Mokl iy OB,

803- bar and S04 stoksge nedeemil tvibe gite gf the GrsaNS1QS tradsisioo andiotiss gite afdhs e
Lifi , | i t a-,00 t igh., . Si.m ... Data- 01, Data-10
and Dat 11 go. PEORY DROSERSFREERIPe hotsPgeisdh @ bf oo Rl oy ™ °

respectively. [ @kGdlputibdesasnce, the clanp circuitry operates as a limting
circuit that limts a voltage sw ng on node 28/30"' as a function of an

i nput voltage |evel V., .. st recently applied to. node 28/ 30" . More
speci 1 cal 1y, | IeoHBYLSHISH CABRPCH AT e 1t fomp dipslsragededalo an

adj ust abl e vol t g@@ulpufidde Aile tHeGhput swildlisAdb 488 ablaye Adddiibm hbfpito! t age

| evel on node 28/ 30"" based upon the input signal voltage level V;,,
(i.e., OOV, O. Befde. 1.2V, or 1. 8V) nost recently 41 27/09/2006 WO
03/083872 PCTI US03/ 09599 provi ded on node 28/30"' via input control
circuitry 24"" . 7hd inMolobedREc@POF Bfmat €d that al though only four different
exanpl e vol tage | evel’'s have been desScribed for V;,,, the nulti-state
storage circuitry 50 can store nore than four different voltage |evels
representing noWBereikake frsiand sefopd BIMOR trinsistorsdre depletion trapgisters) anvhr i ous

nodi fications to the preferred enbodi nents can be made w thout departing

fromthe spirityhldy HO@s Ak stddfia PR dnSiGors 08 depIeRBR hrfnsistdis. anot her

alternative

8. . The integrated circuit of claim 1,
wherein the first and second NMOS transistors are depletion transistors;
‘whirein the first and .s‘eco-nd I;MOS transistors are depletion transistors;
wherem the mput switch i;ciﬁd-és' at léas-t om;, f;ﬂ.xailcement transisto;;‘ and
wherein the output switch includes at least one enhancement transistor.

9: The integrated circuit of claim 1,

wherein the input switch includes an input transistor having a first
source/drain coupled to the input node and having a second source/drain
coupled to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor and having a gate that serves as an input switch control

terminal.
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enbodi ment one or nore reference voltages Vref A and Vifi can be pro i/ﬂf@/ZtO%S
the gates of M and M3, respectively in the enbodi nent of Figure 12:
Anot her alternative, for exanple, 1is to provide an additional address
transistor in series with Mb in the wite path of the enbodi nents of
Fi gures 4WO&3/08387211 or 12 Since nultiple wite pass gRFEYSEHBEY are
connected to a given W.-Wat the sane tine in the nenory array, when W.-W
is enabled,10. GhemtddkatV¥ ¢itcaR ofiIREEt €d t0 each cell is charged or
di scharged according to the cell data regardless of its operation. This
can cause unvvanté‘gg e{)otger consunption. \Werefore, by adding one nore
addi tional addr S&§Tei GREPYL Bish gludes uenhigicement fpe mpublransistor. cel |, it is
possible to use that other transistor to wite to selected cells that
shares t he gane ™ in¥orattd\@rceRYf s18dUEi Ng power consunption. Thus, the
foregoi ng description is not intended to limt the invention which is
described in the appended clains._ 42 27/09/2006 WD 03/083872
PCT/ 1 JS03/ 09599 Wheiginhe mput spgfch pclidesandMEOS eabgncera@t BB &1PHG: a first NMOS
transistor; a fhhsdePMOS transistor; a second NMOS transistor; a second
PMOS transistor; a first bias voltage node coupled to a first source/drain
of the first NMOS transistor; a second bias voltage node coupled to a
first sourdd/ dr dhpingferattdeciispit ofrdeimPAMOS; a third bias vol tage node coupl ed
to a gate of the first PMOS transistor; a fourth bias voltage node coupl ed
to a gate of th : : hStar- coupling a second
source/ drai n of %Pﬁlgﬁﬁﬂ%g NN%%H??%P\%E]&I%Mtﬁ%lgﬁ?r}llyﬁg%@g%fjrce/drai n of the
first PMOS transdustedirain goypldd te thevmput patie and bptingaseaosisponddsiur ce/ drai n of
the second PNOS bR Bk fob dhl e SO bERE R MUSE kiR SSORT VOO

fhe gate of the second PMOS transistor and having a gate that serves as an

input switch control terminal.
13.  The integrated circuit of claim 12,

wherein the input switch includes an enhancement type input transistor.
14.  The integrated circuit of claim 12,

wherein the input switch includes an NMOS enhancement type input

transistor.
15,  The integrated citcuit o.f.cia:im 12, *.
- Wherein the i1.1p.ut svirgtc;l 1ncludes a- dépletioli tjrpékinp-ut- transistor.

16.  The in;egrqt;ed circuit of cIaiﬁ} 12,_ ) |

wherein the input switch includes an NMOS depletion type input transistor.
17, The integrated circuit of claim 1 further including:

a write bit line that includes the input node.

18. | The integrated circuit of claim 1,

wherein the output switch includes,
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a storage node coupling a second source/drain of the first PMOS tragzié@é&;gps
to a second source/drain of the second NMOS transistor; an out put X

i nput switch coupled to controllably communi cate an input data value from
the input node to a gate of the first NMOS transistor and to a gate of the
second PMYBUPEBRI st or; and 43 27/09/2006 WO 03/ osssﬁ%@?ﬁﬁéﬁgl 09599 an

out put switch coupled to controll ably communi cate a stored data value from

the storage noda fir@ otipet sk, ap@de. 2. The integrated circuit of claim 1,
wherein the first bias voltage node and the third bias voltage node are
coupled so as to be_equipotential wth respect to each other; and wherein
t he second bi as Wﬁ%ﬁﬁﬂpwlétﬁﬂa{%e fourth bias voltage node are coupled
so as to be equipotential with respect to each other. 3. The integrated
circuit of clai mdkchathasagin the third bias voltage node and the fourth bias
vol tage node are so as to be equipotential with respect to each other. 4.
The integrated circuit of claiml, wherein the input switch and the output

switch are cont fhsfrsimiput Gansisto drving2 fstromroeeain coplediin i dissigracc h
comuni cat es an pbih BE hAA KBS olncOT P%l@@fbtaﬁigt%%mgg}aﬂ%ftﬁ@t e of the

first NNDStranglstor and to the gate o e secon transistor while
t he out put swi t sftondalipitéendidier antibavgea poeeoupledrio thhetomagepode, node; and t he
out put switch conmuni cates a stored data value fromthe storage node to

t he out put nodeph\gégégg?é&g#%%to;mﬁn 'd%&ﬁ?e/&h ‘c?d{?)f he first NMOS

transi stor and e secon transis ocrgﬁélromﬂfl e i nput node.
5. The i nt egr at edputmodeatidthaofng @lgaterthat servdses en cutpitawitalh eontrb! teheindli r st NMOS
transistor is coupled to the storage node;

19.  The integrated circuit of claim 18,

wherein the first and second output transistors are an enhancement type

transistors.
20.  The integrated circuit of claim 18,

wherein the first and second output transistors are NMOS enhancement type

transistors.
21.  The integrated circuit of claim 18,

w,h_erﬂein the first and second output transistors are depletion type transistors.
2. _,:h;._iﬁtegrated circ.uit ot_; ;:Igjm 18,0, .. L |

- wherein the first and second output transistors are an NMOS depletion type

transistors.

23.  The integrated circuit of claim 1 further including:
a read bit line that includes the output node.

24.  The integrated circuit of claim 1 further including:
a ?ead bit line that includes the output node;
a reference voltage source;
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and wherein the gate of the second PMOS transistor is coupled to thﬁ 9/2006
storage node. 6. The integrated circuit of claim1l1, 44 27/09/ 2006 \7\6)

03/ 083872 PCT/ US03/ 09599 wherein the gate of the first NMOS transistor is
coupled to the storage node; wherein the gate of the second PMOS

transi st o Oi%"B8¥pl ed to the storage node; wherein t h&CIABIH¥R t ch and

the output switch are controllable to cooperate such that, the input

sSw t ch communi catleseimihe bmpul swdigh énciielesje from t he i nput node to the storage
node and to the gate of the first NMOS transistor and to the gate of the

second PMOS transistor gﬁi | e the output switch isolates the storage node
from the out putaiill'fﬁtd)élfpu AASI0% 43t put swi t ch communi cates an output data
value fromthe storage node to the output node while the input switch

i sol ates the st arsagmdooiger thaneigiot,a8d i nput  node. 7. The integrated circuit
of claim1, wherein the first and second NMOS transistors are depl etion
transistors; and _, ereinhthe first and second PMOS transi stors are

depl etion transi®%PTEBMThe integrated circuit of claim1l, wherein the
first and second NMOS transi stors are depletion transistors; .wherein the

first andsecond tRMRSt dufpainfirsls@ir hadihga GepbRidetifail EAPEIIIS theRlischaper ei n t he
i nput switch includes at |east one enhancenent transistor; and wherein the
out put switch i felhadlaving 3 waend sorEodrmpFRYBlR i 2 Riskbpercsidgin oighe The

integrated cir C%Eéonﬁ)?iilrﬁlgt?faﬂgigtor éﬂﬂq{aﬁhgatg% chipdlio BdistordbenB§d, udes an i nput

transi stor having a source/ drafn coupl'ed to the 1 nput node and
havi ng a second source/drain _cougl ed to the gate of the first NMOS
transi stor and ttke seepdguipat sistos hadegmepcordvoges/drapsqogpled todhereadvi ng a gate

that serves as af} ynD B naSietaSte iR 5E9ks astefi GipR&lvitch control terminal;

a sense amplifier for sensing a difference between a reference voltage level

and a read bit line voltage level.
25,  The integrated circuit of claim 1 further including
a write bit line that includes the input node;
a read bit line that includes the output node;
a reference voltage source;

-:wlie.rein- the input switch inclﬁde_s lan‘inpﬁt trq;isisto;' having a first
source/drain ,'c'oupiecl to the write bit line and having a second source/drain
coupled to the sfdrage node and to the gate of the first NMOS transistor and to
the gate of the second PMOS transistor and haﬁng a gate that serves as an —

input switch control terminal;

wherein the output switch includes,
- a first output transistor, and

a second output transistor, and

a discharge path,
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45 27/ 09/ 2006 WO 03/083872 PCT/ US03/09599 10. The integrated ci rcu'?tmﬁ)é/zoos
claim9, wherein the input switch includes an enhancenent type inpu
transistor. 11. The integrated circuit of claim9, wherein the input

switch includes an NMOS enhancenent type input transistor. 12. The

i ntegrat eWOOPBER2t of claim 1, wherein the input sw t cRCEREINMBEE an i nput
transistor having a first source/drain coupled to the input node and

having a Second-ﬂﬁa%ﬁfb%ﬁfi[ﬁﬂist&ﬁ%@ﬁﬁ%oﬁﬁ@/ﬁ&é@ﬁﬁdWﬂ@d@&ﬂrl\g&? the gate

of the first NMOS transistor and to the gate of e second P transi stor

and havi ng a gaPahendhavingasseondsouae/diaigmoupledvotacfirsicomee/diaintafithei nal . 13. The
integrated circyl M. .e] I i tch includes an
enhancenent type °E"r11‘g{’}%t tﬁ%ﬁ%%@i%}rﬁgq%gg#ﬁgo@%ﬁg%P%}tééé)gf[%% c?d(q:euit of claim 12,
wherein the input switch includes an NMOS enhancenent type input

transi stor. 15. fifisecondvuigniitasistor havingta sefond lsairne/ti3in colyeedsto thetrbel i nput
switch includes;azdeplgtion t input transistor. 16.. The integrated
circuit of clai Pﬁ?ﬁ, &ﬁﬁgw@igﬁg)f{tﬁ?mitﬂ a§W?L@W§iSWHF}b?f@g°]§W% depl eti on
type input transistor. 17. The integrated circuit of claim1l1 further

i ncludi ng: a wrabtasdabplifien forisbBingianiiffarces betheen Hildreitodltage fBel The

271081 2006 o B RS ERCRS)R o500 a f i1t outpul transi Stor, and
26.  Theintegrated circuit of claim 1 further including:
a write bit line that includes the input node;
aread bit line that includes the oufput node; and
precharge circuitry coupled only to the read bit line.
27.  Anintegrated circuit comprising:
2 first NMOS trénsistor;
a first PMOS transistor;
a second NMOS transistor;
asecond PMQS &ansjs'to}; -

a first bias voltage node coupled to 4 first sourée/drain of the first NMOS

transistor;

a second bias voltage node coupled to a first source/drain of the second PMOS

transistor;

a third bias voltage node coupled to a gate of the first PMOS transistor;

a fourth bias voltage node coupled to a gate of the second NMOS transistor;

a pull-up node coupling a second source/drain of the first NMOS transistor to

a first source/drain of the first PMOS fransistor;
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a second output transistor, and a discharge path, the first output

transi stor having a first source/drain coupled to the discharge pa?ﬁl%%/(?OOS
havi ng a second source/drain coupled to a first source/drain of the second
out put transistor and having a gate coupled to the storage node, the second
out put t r AR having a second source/drain coupl ed Ppg“]ﬁ?f’@gs%ut put node
and having a gate that serves as an output switch control termnal. 19.

The integrated aipufitiolwn@bdetouphngl 8 sccoh®iditdd/dedig of the SdcoddegCONd out put
transi stors are an enhancenent ta/pp transistors. 20. The integrated
circuit of clai rfapgstoxinadBstoyrpridminog thespepnd DAY ttawksiut transi stors are
NMOS enhancenent type transistors. 21. The integrated circuit of claiml18,
wherein the firshisnéngRcond output transistors are depletion type
transistors. 22. The integrated circuit of claim 18, wherein the first and
second output transistors are an NMOS depl etion tg/lpe transistors. 23. The
i ntegrated ci rcdistorage neflagavpling ageconsysopmel/igin of ghe fust FM@E tonsistritme t hat

i ncl udes the OUE%E%?‘?Q‘%MI%P}QE}?%OH‘?S%@? ng{OE-CUi t of claim1 further

including: are I ne Inc € out put node; a reference
vol t age source; 47 27/09/2006 WO 03/083872 PCTI US03/ 09599 wherein the
out put switch i asbugutsode;a first output transistor, and a second out put
transistor, and a discharge path, the first output transistor having a

first source/drgj ﬂlpﬁpslm{cﬁ %ﬁp@edttg %oﬁoﬁ&ﬁ?%&ﬁmunicate from the input node to a
gate of the first NMOS transistor and to a gate of the second PMOS transistor
a data input signal that can have any of multiple prescribed input signal

voltage levels;

limiting circuitry coupled to limit the storage node to a prescribed storage
node voitage level determined by a most recent data input signal voliage level;

and

an output swiich coupled to controllably communicate from the storage node
to the output node a data output signal indicating the determined storage node

voltage level.
28.  The integrated circuit of claim 27,

wherein the first bias voltage node ,z@pd{zhéjhird bias veltage node are coupled

s as fo be equipotential with respect to_each other; and

wherein the sécond bias voltage fode and the fourth bias iroltage node are

coupled 5o as to be equipotential with respect to each other.
29.  The integrated circuit of claim 27,

wherein the third bias voltage node and the fourth-bias voltage node are

coupled so as to be equipotential with respect to each other.

30.  Theintegrated circuit of claim 27,
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path and having a second source/drain coupled to a first source/dr a'g (%/2006
the second output transistor and having a gate coupled to the stor Zé

node, the second output transistor having a second source/drain coupled to
the read _bit line and having a gate that serves as an output swtch
control t¥PH AP a sense anplifier for sensing a diff@F@ﬂgﬁmﬁg?meen a
reference voltage level and a read bit line voltage level. 25. The

integrated circuiliersd the ipurswitch bid e buthBiCdwidh B co@roleble & Roperhiene t hat
includes the input node; a read bit line that includes the output node; a

reference vol t agehsBthr ce: -wherein the input switch includes an input
transistor having a first source/drain coupled to the wite bit |ine and

having a second geupR SHEPlommmRIARE 8 dath Snfub St &/ 1BOSOOMR: fRRF to the gate
of the first NMOS transistor and to the gaté of thé second PMOS transi stor

and havi ng a gatBMPR frnsisiqraad toghe gate of the secosdWMOR trensistorovhiledhsri nal ; wherein
the output swt i : : I { ransi stor... and a second out put
transi stor, and%ntgh%cﬁgcf%oelatgsa%h?ég?ggg%gt@%@%gu %o&g,/aﬁ 3872

PCT/ US03/ 09599 the first output transistor having a first source/drain
coupl ed to the dhesaiput greichigammuningtehaddta gutputsinarial the @utpaedode svhile coupl ed t o

a first source/drain.of.the., second o t istor a havi ng a gate
coupl ed to the stof uégw%%ldséo}at?sﬁtge%%%%Q§WW$%§{D§F%ﬁ5§?ﬂ a second
sour ce/ drai n coulsechnt DMUetrdngiadr fibintthd inper A€l having a gate that serves as
an output switch control termnal; a sense anplifier for sensing a

di fference bhet n.a reference.yqltage level and a read bit |ine voltage
| evel . 26. hevﬁﬁ?@gﬁgﬁaﬁe@(fuﬁ?lfﬁ@m&%’ claim1 further including: a wite
bit line that includes the input node;

wherein the gate of the first NMOS transistor is coupled to the storage node;

and

wherein the gate of the second PMOS trausistor is coupled to the storage node.
32.  The integrated circuit of claim 27,

wherein the gate of the first NMOS transistor is coupled to the storage node;

wherein the gate of the second PMOS transistor is coupled to the storage node;

wherein the input switch and the output switch are controllable to cooperate
sich that,

the'input switch communicates a data input signal to the storage node and to
‘the gate of the first NMOS transistor and to the gaté of the second PMOS’
transistor while the output switch isolates the storage node from the ouiput

node; and

the ou{put switch transmits a data output"sigﬁal to the output node while the

input switch isolates the storage node from the input node. -
33.  The integrated circuit of claim 27,

wherein the first and second NMOS transistors are depletion transistors; and
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a read bit line that includes the output node; and precharge ci rcu'g? /2006
coupled only to the read bit line. 27. An integrated circuit conpri ‘[%92:9
first NMOS transistor; a first PMOS transistor; a second NMOS transistor;

a second PMOS transistor; a first bias voltage node coupled to a first

sour ce/ dr¥PH*8B88he first NMOS transistor; a second bipﬁgmt?ﬁ/“c%ag@e node
coupled to a first source/drain of the second PMOS transistor; a third

bi as vol t age nodghegdin! fhe &kt bt Sc@APMOS trhitistdrs SldchiMisa ddngtsisst or; a fourth
bi as vol tage node coupled to a gate of the second NMOS transistor; a

pul I -up nodg, coypli.ng a second _source/drain of the first NMOS transistor to
a first sou?‘dte/ gﬁ‘ﬁi‘ g%'f‘teiﬁé"“ftic’f%l@mﬁxbs transi stor; 49 27/09/2006 WD

03/ 083872 PCT/ US03/ 09599 a pull-down node coupling a second source/drain of

the second PMOS whefeiiithe $it®bnd Rochd NVOE t204E68/HH ®pRH trhlorecond NMOS
transi stor; an input node; a storage node coupling a second Source/drain of

the first PMOS transistaor to a second source/drain of the second NMOS
transistor; an OUEHER the &b andseeond FMOS fprsistore ¢ derlefiongraggistessol | abl y
communi cate fromthe input node to a gate of the first NMOS transi stor and

to a gate of theyeRGOMRE ipMiich #tRidS @Neastont RhBnbdhit tr QR spfihat can have
any of multiple prescribed input signal voltage levels; limting circuitry

coupled to limt the storage node to a prescribed storage node voltage

| evel det er mi ned"bsipunthepuputsyatehinckidesat leas one enhghesmenidrangigier.| evel ;.  and
35.  The integrated circuit of claim 27,

wherein the input switch includes an input transistor having a first
source/drain coupled to the input node and having a second source/drain
coupled to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor and having a gate that serves as an input switch control

terminal.
36.  The integrated circuit of claim 35,

wherein the input switch includes an enhancement type input transistor.
37.  The integrated circuit of claim 35,

. wherein the input switch includes an NMOS enhancement type input

' trarisistqr., )
38.  The integrated cirenit of claim 27,

wherein the input switch includes an input tranéistorl having a first
source/drain coupled t(;) the input ﬁode and having a second source/drain
coupled to the storage node and to thé gate of the first NMOS transistor and to
the gate of the second PMOS transistor and having a gate that serves as an

input switch control terminal.
39.  The integrated circuit of claim 38,

wherein the input switch includes an enhancement type input transistor.
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an output swtch coupled to controllably conmunicate fromthe stor agz Qg@%os
to the output node a data output signal indicating the determned s 4
node voltage level. 28. The integrated circuit of claim27, wherein the
first bias voltage-node and-the third bias voltage node are cougl ed so as
to be equVPdt8iTal with respect to-each other; and whEFEUHH¥?second bi as
vol tage node_and the fourth bias voltage node are coupled so as to be
equi pot ent i 41 wi ths itempedeirqy ofgbimd8.ner. 29.. The integrated circuit of
claim 27, wherein the.third bias voltage node and the fourth-bias voltage
node are coupl egheibh @S irh gtgﬁtﬁ%glmgms%meﬁgﬁ%@% each other. 30.
The integrated circuit of claim 27, 50 27/ 09/2006 0%083872
PCT/ US03/ 09599 \#e##dmh t he i nput switch and the output switch are
controllable to cooperate such that, the input switch communicates a data
i nput signaj;to L NMOS transistor and to the gate of
t he secondaﬁmlﬁlrgglﬁ%itgdo@;w t!&?(éla{ﬂ?éé’ output switch to isolates the storage
node fromthe output node; and the output swi tch communi cates a data out put
signal to the ocheein thethpuidwitch incudes 2 depletios tyipe itput saisiatoes t he gate of the
first NMOS transistor and the gate of the second PMOS transistor fromthe
i nput node. 4,31. i : ircadt of claim27, wherein the gate of the
first NMOS %Zfangﬁgﬁééﬁpaﬁ%g%%hg g(g}%‘f%ﬁ’he storage node; and wherein the gate
of the second PMOS transistor is coupled to the storage node. 32. The
i ntegrated circowibtremftheingitiemaich inchdeeanNMDS dgplttorofpd inputftiansstotNVOS
transistor is coupled to the storage node; wherein the gate of the second
PMOS transigtor o S: . e: . wherein the input switch
43 0" Theén E!dec(ilrc{u??f‘%%ng%’ﬂéﬁ?% u%gug%igr

and the output swich are contr ate

a write bit line that includes the input node.
44,  The integrated circuit of claim 27,
wherein the output switch includes,
a first output transistor, and
a second output transistor, and
. adischarge path,

t'he first oﬁtput ﬁansistor having a first s&urée/dfaiil coiq;léd to the dischafge
_ path and having a second source/drain coupled to a first source/drain-of the

- second output transistor and having a gate coupled to the storage node,

the second output transistor having a second source/drain coupled to the

output node and having a gate that serves as an output switch control terminal. -
45.  The integrated circuit of claim 44,
wherein the output switch the output signal comprises a discharge path signal.

46.  The integrated circuit of claim 44,

53



such that, the input switch conmuni cates a data input signal to the%?}cﬁ{g%s
node and to the gate of the first NMOS transistor and to the gate '
second PMOS transistor while the output switch isolates the storage node
fromthe output node; and the output switch transmts a data output signal
to the ouWBﬂg"’q:ﬁ?ae while the input switch isolates thEBCEUBPAEE? hode from
the input node. 33. The integrated circuit of claim27, wherein the first
and second NMOS Wheeairsths fiest andaseeondepipet ransistorsars as¢nbagcemantdype51 27/ 09/ 2006
WO 03/ 083872 PC'gathggI[SOQSQQ wherein the first and second PMOS transistors
are depletion transistors. 34. The integrated circuit of claim 27, wherein
the first and second NMOS transistors are depletion transistors; wherein
the first afd sdhomdegPditibcitoninsclsinnéd are depletion transistors; wherein
the input switch includes at |east one enhancenent transistor; and wherein

the output swt i nc e | east, one enhance transi stor. 35. The

i ntegrated ci rc&{q][ere t“‘%ﬁ%ﬁ??ﬁ%ﬁ‘"@ﬁ&%ﬁﬁ“ﬁﬁ rﬁaﬁ%mﬂﬁlﬂfe?’ﬁ@fgﬂﬁes an i nput
transi stor havi m@ngstéisr St source/drain coupled to the input node and

havi ng a second source/drain coupled to the gate of the first NMOS

transi stor gnd t he gaje of e second PMOS transistor and having a gate
t hat serves&as g‘ﬁeﬁﬁﬁrﬁe WCP]&H}‘QGW[&EH termnal. 36. The integrated
circuit of claim35, wherein the input switch includes an enhancenent type

i nput transi st ofwhereiithe filtcaddntead atipek teinkiStoistarddepition f}’lPé’*ﬁanleﬁiei n the
i nput switch includes an NMOS enhancenent type input ransi stor. 38. The

integrated-gcircyjt. of claim.27, wherein the input switch includes an input
transi stor 4ﬁavi K‘be ’é‘?eﬁf"’? Gireuit of olaim 4a,

wherein the first and second output transistors are an NMOS depletion type

transistors.
50.  The integrated circuit of claim 44,
wherein the first output transistor is a PMOS transistor; and
wherein the second output iransistor is an NMOS transistor.
51.  The integrated circuit of claim 27 further including:
aread bit line that includes the output node.
52 ) The _i-ntegrated circuit of claim 27 further including:
aread bi-t line that iilclpdas the 01.1tput node; X ’
a referexnléze voltage souprce;
wherein the output switch includes,
a first output transistor, and

a second output transistor, and

a discharge path,
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source/drain coupled to the input node and having a second source/ d?2i@$/2006
coupled to the storage node and to the gate of the first NMOS trans {

and to the gate of the second PMOS transi stor and having a gate that

serves as_an_ input switch control termnal. 39. The integrated circuit of

cl ai m 38, WRHPBFR the i nput switch includes an enhance®ERUSIAE? nput
transistor. 52 27/09/2006 WD 03/083872 PCT/ US03/09599 40. The integrated
circuit of clai rtha8ist eiiput dansisiordravinga firss wivpastirain chupdiaso & didbiZeeenhancenent

type input transistqnr.. .41, The integrated circupt of clalm wherein the
but ot o 1 nar bl bevilda Rt GRS FinEulf At Sl By o
integrated cir cuetondoutphbliramsisfdr andiaviag B ghtd ConpkaLib tiamdreds nodig | udes an NMOS
depletion type input transistor. 43. The integrated circuit of claim 27

further including: a wite bit.lipe.that includes the input node. 44. The
integrated cir c&ﬁ? Ff%‘f‘%“ki“ﬁﬁ?‘f}m\ﬁ/ﬁ%‘?@ Hhee SBB‘P&@*‘_H’S%“P@‘ET‘H herades, a
first output trandingbdd haiilth SitsSBRARYOMERhiph! SRR 8b:fol tefiflal; @ di schar ge
path, the first output transistor having a first source/drain coupled to

t he di scharge path, anlciii havi ng .a second source/drain coupled to a first
source/ drai n of SFee 2wphferdonishyng a difasacedenyeen Adefprandervgltagederek coupl ed to

the storage nOd%ndE%d%ﬁ(}jﬂQdol%g&ﬁyéLtl’anSi stor having a second source/drain
coupled to the output node an aving a gate that serves as an out put

switch control termnal. 45, The integrated circuit of claim44, wherein
t he out put Bwi t dhe inkeerdded pitpuitof gaisd 5% onpri ses a di scharge path signal. 46.
The integrated circuit of claim44,

wherein the first output transistor is a PMOS transistor; and

wherein the second output {ransistor is an NMOS transistor.
54.  The mtegrated circuit of claim 27 further including

a write bit line that includes the input node;

a read bit line that includes the output node;

a reference voltage source;

wherein the input switch includes an input transistor having a first
source/drai:_n_c_;oupled to the wrjte bit line.and having a second source/drain
coupled to_f]_ne siorage node-and to the gateof the first NMOS transistor and to
the gate of the second PMOS transistor-and having a gate that serves as an '

input switch control terminal;

~ wherein the output switch includes,
a ﬁfst output tranéiﬁor, and _ .
a second output transistor, and

a discharge path,
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53 27/09/ 2006 WD 03/083872 PCT/ US03/ 09599 wherein the first and seéggaa 6
out put transistors are an enhancenent type transistors. 47. The in Per
circuit of claimd44, wherein the first and second output transistors are
NMOS enhancenent type transistors. 48. The integrated circuit of claim47,
wherei n t WO B1$38%2 3nd second output transistors are depfCafUSt?8%pe
transistors. 49, The integrated circuit of clajm44, wherein the first and

second out put tr $i5d¥s pwpYt tpgstghaninea Hespwes/ SR cpried ot dsdipges. 50. The

integrated circujdn gfd il AbMsbbng WEdhirincBidd 3 lirQ Ypbarkh dpfkSt or 15 a
PMOS transi stor; " and wherein the second output transistor is an NMOS

transi stor. 51. sePprsl dquinué tyansisé and hayingta gate aolpledriotie stogagawendej ncl udi ng: a
read bit line that includes the output node. 52: The integrated circuit of

claim 27 furtherglncl udi ng: . o] | I df@‘% ut put node;
a reference vol tglsg&ggﬁé‘{:%%t trag%%cﬁ-eehgﬁz%%géégﬁ%g}%&iﬂ#@% I né? ﬂ%gesafa a first
out put transi st obij lisnaid haweg o pade that eiites by ansitst ewitchasodtroldershimmthar ge pat h,

54 27/09/ 2006 WO 03/083872 PCTIUS03/09599 the first output transistor
having a first source/drai n.coupled.to the discharge path d .having a
second sour ce/dr%feﬁsec%%ﬁ%ﬂfof & ?PP#I%EP%@F%%B reélfg‘f“ht@gggéeéond out put
transi stor and hadigtgadbitiicaolfpedell t o the storage node,

55.  The integrated circuit of claim 54,
wherein the first output transistor is a PMOS transistor; and
wherein the second output transistor is an NMOS transistor.
56.  The integrated circuit of claim 27,

wherein the limiting circuitry includes a switch coupled to turn off the first
NMOS transistor in response to the storage node reaching the determined

storage node voltage level.
57.  The integrated circuit of claim 27,

wherein the limiting circuitry includes a switch coupled to clamp the storage

node at the determined storage node voltage level by,

turhing on the first NMOS transistor when the'é__torage.qnode-is below the

determined storage node voltage level; and

turning off the first NMOS transistor if the storage node begins to rise above

the determined storage node voltage level.
58.  The integrated circuit of claim 27,

wherein the limiting circuiiry includes a fifth transistor with a first
~ source/drain coupled to the gate of the first NMOS transistor, with a second
source/drain coupled to the storage node, and with a pate coupled to the

second node.
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t he second output transistor having a second source/drain coupled tg i 9006
read bit line and having a gate that serves as an output swtch co ?
termnal; a sense anplifier for sensing a difference between a reference
voltage level and a read bit line voltage |evel. 53. The integrated

circuit oVOOPBI#252, wherein the first output transist8FTUSNS?

transistor; and wherein the second output transistor is an NMOS

t ransi st or 59. 54ThéTintegiatedegemt addlachn2@ui t of claim 27 further including a
wite bit Iine that includes the input node; a read bit |line that includes

t he out put node; . raef. A ; r-ei n_d i Aput switch
i ncl udes an i np&v o Pé}gesllgélﬁg‘?l %’é\%‘%\%%gt??#bg@gﬂlse%%c@ug?ﬁtdc{ggpl ed to the
wite bit |ine.stosage falejarng a second source/drain coupled to the storage

node and to the gate- of the first NMOS transistor and to the gate of the
second PMOS transistar .and havi .a .gat e t serveg as an input switch
control terninal" er‘.n“m%?fellné‘gﬁg?W?@R%dflﬂg‘%sél\ﬁﬁlgﬁn? %ﬁ"ﬂ@‘e@“?a first output
transi stor, andscarcRiegnebuplétl Bithe &htd BS1he fipdt NMOS! radisthr Sited @eogpt h, 55
27/ 09/ 2006 WO 03/083872 PCT/ US03/09599 the first output transistor having

a first source/ WuEEMAraRegypld i e siamss pedoandguith Hgatqcoynlgd fthe Agl-a second
source/drain co gto a first source/drain of the second output

transi stor and having a gate coupled to the storage node, the second out put
transi stor having a second source/drain coupled to the read bit |ine and
havi ng a géf-e tHesintcgeted sirgut odmlabuput switch control ternminal; a sense
anplifier for sensing a difference between a reference voltage level and a

read bit line viohdagehelihfihe ciritry Hidudedh $9h Ahfdsis il firs@f  Cl ai m 54,
source/drain coupled to the gate of the first NMOS transistor, with a second
source/drain coupled to the storage node, and with a gate coupled to the pull-

down node; and

wherein the input switch is coupled to provide the input data signal to the

second source/drain of the fifth transistor.
61.  The integrated circuit of claim 27,

wherein the gate of the first NMOS transistor is coupled to the storage node;

and

w.her'e& the g;a-te of the Sec;)nd:PM_OAS tran31stor1s ;éupled to the sforéég 1_10}:16.
62.  The integrated circuit of claim 27, | |

Wﬁéreiﬁ the g:alt; of the first NMOS tranSIStorIs ciiupled to the storage- node;

wherein the.gate of the‘se-con'd .PMOS ﬁ'ansistor 1s coupled to the storage node;

wherein the limiting circuitry includes a fifth transistor with a first
source/drain coupled to the gate of the first NMOS transistor, with a second
source/drain coupled to the storage node, and with a gate coupled to the pull-

down node; and
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wherein the first output transistor is a PMOS transistor; and mhegfigm%}gqoe;
second output transistor is an NMOS transistor. 56. The integrate i

of claim27, wherein the limting circuitry includes a switch coupled to
turn off the first NMOS transistor in response to the storage node

reachi ng YRO¥¥E8%r mi ned storage node vol tage |evel . 5PCTHREONPegr at ed
circuit of claim?27, wherein the limting circuitry includes a switch

coupl ed to cl anmhetesn the twpaipavitch otievupled torbe ghat effthe AstINMQH waysistonde vol t age

| evel by, turni heof Lrst,.NMOS transi stor when the storage node is

bel ow t he det e?%ogé‘dﬁ%ﬁ%}?{a%ugmﬁ%de voltage level; and turning off the first
NMOS transistor if the storage node begins to rise above the determ ned

st or age nod®. volThegeegdrataddirculb 81 cldine27 wheeein deanliitiple prebdribed inphiai m 27, wherein
the limting circ#itﬁ%fmcb%ges a fifth t{{$nsistor wi,ith a first

source/ drai n codpita8a 15vs iprlndg mpulinde Presraibed qisqretRmpet Yolagiedsr, with a
second source/drain coupled to the storage node, and with a gate coupl ed

to the seofnd mMaenteghfbed?cl/cOPLREE: 2O 03/ 083872 PCT/ US03/ 09599 59. The
integrated circuit of claim27, wherein the input switch is coupled to

provi de the data inﬁ-ﬁ% ignal . tq the, storage node; and wherein the
limting circui Mereinthy g Sirpyiy Heudegasvaicl poupledrio glampihgstoragaur ce/ dr ai n

coupl ed to the @adet B dbfRfnibbd SbrapMidde VoS ISty W th a second
source/drain coupled to the storage node, ‘and wth a gate coupled to the

pul | - down node, 60. The integrated circuit of claim27, wherein the
limting circui t4sng ereihg et NAOS frapsistor avhsn 8 pwli-down node voitagststoragsur ce/ dr ai n

coupl ed 10 the §aes Biow Bfobd et MVpbvARSeToRE andli th @ second

turning off the first NMOS transistor if the pull-down node begins to rise

above the most recent data input voltage level.

65.  The integrated circuit of claim 27,
wherein the gate of the first NMOS transistor is coupled to the storage node;
wherein the gate of the second PMOS transistor is coupled to the storage node;

wherein the limiting circuitry includes a switch coupled to clamp the storage

node at the determined storage voltage level by,

turning on the _ﬁi‘gst NMOS ﬁjgnsis_tqr.}@fh‘cn_ a pull-down node voltage storage

node is below a most r.eéen-t' data input w}oltagé Ie\}gl; and

.tur_ning off the first NMOS transistor if the pull-down node begins to rise

above the most recent data input voltage level.

| 66.°- The integrated circuit of claim 27 further including;
a write bit line that includes the input node;
a read bit line that includes the output node; and

.precharge circuitry coupled only to the read bit line.
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source/drain coupled to the storage node, and with a gate coupl ed ?{@Sﬁ%%
pul I - down node; and wherein the input switch is coupled to provid

i nput data signal to the second source/drain of the fifth transistor. 61.
The inte%ated circuit of claim?27, wherein the gate of the first NMOS
transi st oV 0¥ pl ed to the storage node; and wherei REVHEBHEPR of the
second PMOS transistor is coupled to the storage node. 62. The integrated
circuit of 6¢&l aj fhmethodyhascassipgamdntgerpied eircuitieclydmess TGS tensister or i s
coupled to the o i f C PMOS

transistor is c‘%&%%g%?%d% ea%wgg%gﬁggi?ﬂ&m%ﬁqlﬁgfﬁ%% Elpfr?ngttl ng circuitry

i ncludes a fi ftPMOSdnssisone puil-np nadefdonglingseercnd SAY af the GotNMB t 0 t he gate

of the first N i ransist it d . source/drain.coupled to the
st or age node, al\ﬁgs’xi{c’fﬁaaérﬁt;{@O%mrggﬁ(gg{}ﬁ@“ﬁﬁ%ecﬂm%de; and 57

27/ 09/ 2006 WO £3+088% s2:0n€PMISDRARRR Vit greIS/D thglddipubectid bigh i s coupl ed
to the gate of the first NMOS transistor throus?fg the fifth transistor. 63.

The integrated YalRediodegrrudl-davmnpte oieleg hseeond I of ths secopd BMQS bed i nput
vol tage level s ypeliyde afﬁfkés/?'o?pﬁfs%g{}mﬁs%ﬁ&f&fﬁtﬁyﬂaﬁ%ﬁq&éo' tage levels.
clalm , e |

64. The integrated circuit o rein the ting circuitry
i ncl udes a swi t@hplogaskenhdiSAD of tmfirst R QS ipansigier torrosteorsitS/P kéthdet er nmi ned

storage node volta I ) tyrni on . the,fi.r transi stor when a
Ul | - down node VerRABA0s Fapsdtier il sehrfe “Buk 8fes R AMOTERAR S Tput

vol tage |level; grbfthesatond POAOS tradistor) thé mbliebcdm@idaigst or if the pul | -down
node begins to rise above the nost recent data I nput voltage |evel. 65.

The integrated circuit of cl.aim?27, grein the gate of the fast NMOS
(Fansistor i doppses eRpbtRRe o bes vofad o,
providing an effective ground bias voltage to the second bias voltage node;

providing the supply bias voltage to a gate of the first PMOS transistor;

providing the effective ground bias voltage to a gate of the second NMOS

transistor; and

imparting a digital input signal having a first voltage level or a second voltage
level to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor and to the storage node; "

wherein 2 first 'Vol'tag',e level d:tgital input siénal causes turn on the first NMOS
. transistor and the first PMOS transistor and reverse biasing of the second
NMOS transistor and the second PMOS transistor; and

wherein a second vr;ltage level di‘gital iﬁpﬁt signal causes furn on the second -
NMOS transistor and the second PMOS transistor and reverse biasing of the
first NMOS transistor and the first PMOS transistor.

68.  The method of claim 67 further including:
after the step of imparting, sensing a voltage level of the storage node.

69.  The method of claim 67 further including:
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wherein the gate of the second PMOS transistor is coupled to the stQZ 006
node; wherein. the limting circuitry includes a swtch coupled to ﬁﬁ&
the "storage node at the determ ned storage voltage |evel by, turning on
the first. NMOS transi stor when a pull-down node vol t age storage node is

bel ow a nBS P88t data i nput voltage | evel; and tur nPRYUSEPPRe first

NMOS transistor if the pull-down node begins to rise above the nobst recent
data i nput vol t #ger thesiep of @partifipe i ntegrated circuit of claim27 further
including: a wite bit line that includes the input node; a read bit |ine

read bit line. SEHAHE0NE QR REER R AR S IRNISIWRTY | 0 o'
accessi ng an i ntiegliat BIOSitransisior arantoined on gndithé second NMOS transigisi sfdor with a

first source/drgi . n (S led to a first bi Vol t.age node; first
BBt ransi st or RetRRIPNES HesB e sty e i grien Roateda oS
transi stor to a firitveltagdI&eDdigitdd tphi dighl; BMPS transi stor; a second NMOS
transi stor; a second PMOS transistor with a first S/D coupled to a second
bias voltage node; a | I - down_node coupling a second S/ D of the second
PMOS transi storsellsﬁlgé"F’yt?%etle‘g}ﬁ%St?@@%@é&Wgemmﬁm%FW!ﬁ% st or age

node coupling an@ﬁ,eeéuénﬁﬁcf%fmhﬁ&oﬂréﬁﬁnéa%nawfﬁhmg)sh&lﬁsﬁﬁggmd S/'D of
d I Irst

the second NMOS transistor and coupling a gate of the

transi stor to aandjiedrsPMOfetansisionate FvESe biaanisil the dmpartitgstapdmpartedconpr i si ng:
provi ding a supgl ! e Io the.first bias voltage node; providing
an effective gr(B)3%089%?(21%%{9/(k)ﬁkj?lgﬁg%taﬁgbl?[ﬁl slécond bi as vol t age node;

provi ding the supply bias voltage to a gate of the first PMOS transistor;
provi di ng t/He efTheutdgvatedpinuihdf dbdims®7yol tage to a gate of the second NMOS
transistor; and inparting a digital input signal having a first voltage

| evel or a seco I I L to .1he te.of the first NMOS transistor
and to the gat ea’g?"\é’?héé‘?%%tc %o%tgé/eelevetl % thd supgf%( voltage level; and

wherein the second voltage level is the effective ground voltage level.

71. A method of accessing an integrated circuit including a first NMOS transistor
with a first source/drain (S/D) coupled to a first bias voltage node; a first
PMOS transistor; a pull-up node coupling a second S/D of the first NMOS
transistor to a first S/D of the first PMOS transistor; a second NMOS
transistor; a second PMOS transistor with a first S/D coupled to a second bias
voltage node; a pull-down node coupling a second S/D of the second PMOS
ﬁansistdr to a first $/D of the second NMOS I:faﬁéistor; a storage sode
coupling a second $/D of the first PMOS fransistor fo a second S/D of the
second NMOS transistor audl'coﬁﬁ'ﬁh;g' a 'gathe; of the first NMOS transistor to a K
;gate.of the second PMOS transistor, the metho'd'.coinprising: : '

providing a supply bias voltage to the 'ﬁrs_f bias voltage node;
* providing an effective ground bias voltage to the second bias voltage node;

providing to a gate of the first PMOS transistor, a reference voltage level
between the supply bias voltage level and the effective ground bias voltage

level;
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PMOS transi stor and to the storage node; wherein a first voltage le#ﬁLOQIZOOB
digital input signal causes turn on the first NMOS transistor and "
first PMOS transi stor and reverse biasing of the second NMOS transistor

and the second PMOS transistor; and wherein a second voltage |evel digital

i nput si gRRI"8WZes turn on the second NMOS transi sto?.cgfﬁgmt’”ﬁ%”second PMOS
transi stor and reverse biasing of the first NMOS transistor and the first
PMOS 't r ansi st or . Pregdingfea gase pidbe sskomsl MM@Semnsiston, hesfereme|valigadevehf t er t he

step of inparting j V. f orage nqde. 69. The
vet nod of ol ai m e R FRHaPRIF KPS v R eI BHs F6Es 12

PCT/ US03/ 09599 dfvedrantthe step of inparting, sensing a voltage |evel of the
storage node while the first NMOS transistor and the first PMOS transi stor

are turned on and _the sec N transi st.o d . the second PMOS
transistor are rlgl\%?g%ag}gg@gﬂpqy%?ﬂgmﬂ%ﬁh{sf}ﬁca{;lgff lexelionp seepmvoliags | r st

vol tage | evel dilgvel td tht paeibf the BRANMON hnSIeRB Alido The\tatel 78R sb@ug! of the
storage node whil e the second NMOS transi stor and the second PMOS

transi stor are tiafgd tapsisiergnd fodhe stpwge ngdes transi stor and the first PMOS
transistor are reverse biased if the inparting step inparted a second

vol tage |evel divgctsid a GERPWIta8E B0 digitdOinprt REnkINGHGE L Efpbed cl ai m 67,
wherein the first voltage | ea\glel. i slgt-lh_e %lbp%f]y vol t%ﬁéﬁﬂeﬁgﬁ an(? wherein
the second vol t &gesist thedfirstPM @S frawsistorendg rayenseibiosing ofifhe deeand! . 71. A

met hod of accengfgrrg%%iﬂ&%%ﬁ%ﬁe%gm%hPg,gﬂ%%Ejmgﬁ |;(rjai§frl]g a first NMOS transistor

with a first source coup bi as vol tage node; a
first PMOS transistor; a pull-up node coupling a second S/D of the first
NMOS transi st owhexsinga fecomstvoBags level digialfinpus sighl/ESstésrtamsindbcsecond second NMVOS

transistor; a s P trapsi sto j a first, SID coupled.,to a second
bi as vol tage nmggéfa%%ﬁ ‘fr-aﬁtgg&ﬁ Sﬁ%’ﬂ‘il} Mﬁrﬁnﬁﬁgoﬁmkdéﬁwﬁ%ﬂ%g Hehe second
PMOS first NMOS transistor and the first PMOS transistor.

72.  The method of ¢laim 71 further including;

afier the step of imparting, sensing a voltage level of the storage node.
73.  The method of claim 71 further including:

after the step o;f imparting,

‘ s‘ensi.ng a voltage level of the storage node while the first NMOS transistor and

'thle ﬁrst PMOS tréilfsistor are turned on and the second NMOS transistor and

| tl}é. secoﬁd PMOS u:aﬁsiéto; aré reverse biased if the imparting step imparted a
first _voltaée level aigitgl mput si-gnal; 'an;d o o | |

- sensing a voltage level of tﬁe storage nt;de while the _seéomi NMdS tr;msistor
and the second PMOS.tran-sistor are turned on and the first NMOS transistor
and the first PMOS transistor are reverse biased if the imparting step imparted
a second voltage level digital input signal.

74.  The integrated circuit of claim 71,
wherein the first voltage level is the supply voltage level; and

wherein the second voltage level is the effective ground voltage level.
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transistor to a first S/D of the second NMOS transi stor; a storage ??@2006
coupling second S/D of the first PMOS transistor to a second S71D o

second NMOS transistor and coupling a gate of the first NMOS transistor to

a gate of the second. PMOS transistor, the nmethod conprising providing a
supply bi Y9 %8¥¥%ge to the first bias voltage node; pr 893[@5%6’9%?3 effective
ground bias voltage to the second bias voltage node; providing to a gate

of the firgk, PMDhe intepRBddSlrOfis ofdidigf7@r ence vol tage | evel between the supply
bi as voltage | evel and the effective ground bias voltage |evel; 60

27/ 09/ 2006 WD 03/083872 PCTIUS03/09599 providing to a gate of the second
NMOS t r ansi st or Whgrendedirsiyolagrdetehisdhy wpply voliage el t he supply bias vol t age

| evel and the effective ground bias voltage level; and inparting a digital

i nput signal hawh&gindhddebcttl vERAasRI Is BEeiffetivedrouRe OBithey RivbRG® | evel to the
gate of the first NMOS transistor and to the gate of the second PMOS

transistor and to the storage node; wherein a first voltage |evel digital
i nput si gnal caWbesndherpierncs yaliags levsl inhatievaytheliyren hesHPAnBias he first PMOS

transistor and {QMesReelbhddk o edﬁfve%ﬁ‘ﬁnéﬁi%? %g\;]lé@ transi stor and the

second PMOS transi Stor; an ereln a secon ol'tage level digital input
signal causes turn on the second NMOS transistor and the second PMOS
transi st or 7&nd Aenadiodef Ppurg adptotalecia an frntegsated\paosit inchidiigstfost and the first

PNS t 1ansi st Ot irshlof A0 e Lonfdeieih Fmh b lio k BB il e Ler Lhe

step of inparting, sensing a voltage |eve storage n 73. The
met hod of cl ai nlevd; & fusitAMOS randistel; aguli-ap hede colpding h egond SADngfthd | Ng, sensi ng

The firar PuOB TRaNRSIRERanas ol SuS ahte e PMOS Bea e Roesehtr ansi stor - and
the second PMOSNMOBn§iser; a 86@nd BNRIS@ankisRs ®ih b first B édiPREL #9 st ep

' mparted a second bias voltage level; a pull-down node coupling a second S/D of the
second PMOS transistor to a first S/D of the second NMOS transistor; an input
node; a storage node coupling a second S/D of the first PMOS transistor to a
second S/D of the second NMOS fransistor and coupling a gate of the first
NMOS transistor to a gate of the second PMOS transistor; an ou%put node; an
input switch coupled to communicate data input signal information from the
input node to the storage node; and an output switch to communicate data
output signal information from the output node to the storage node, the

method comprising:
. providing a third bias voltage to a gate of, the first PMOS transistor;
_ providing a fourthi bias voltage to a gate of the second NMOS transistor; and

usiﬁg the input switch to transmit data iﬁput signal information from the input
node to the gafe of the first NMOS trausistor and to the gate of the second
PMOS transistor and to the storage node while using the output switch to

 jsolate the storage node from the output node.
77.  The method of claim 76,
- wherein the first and third bias voltage levels are the same; and

~wherein the second and fourth bias voltage levels are the same.
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first voltage level digital input signal; and sensing a voltage |ew /2006
the storage node while the second NMOS transistor and the second

transistor are turned on and the first NMOS transistor and the first PMOS
transistor are reverse biased if the inparting step ingarted a second

vol t age |39@WNHF8ita| i nput signal. 74. The integrated ETUEH93%f claim 71
wherein the first voltage level is the supply voltage |evel; and wherein

t he second 70l t ayenlegivdbftisint e ef f ective ground voltage level. 61
27/ 09/ 2006 WD 03/083872 PCT/ US03/09599 75. The integrated circuit of claim

71, wherein the first_voltage level is the supply voltage |evel; wherein
the second vol té@&ref”etb%&mfiggﬁsﬁguaéﬂeé’&]tlﬁ 'ﬁw@‘?“otg‘g@%l%ﬁ}dtsﬁb@dlb&?el . and
wherein the ref gpnpeenol tage | evel is half-way between the supply bias
voltage | evel and the effective ground bias voltage |evel. 76. A nethod of
storing a data value in an integrated circuit including a first NMOS
transi stor withWhereinthe foggh piagyeliage levelds stwesniihs Bt and second Pisé bi as vol t age

| evel ; a first %@egg‘,@lg_si stor; a pull-up node coupling a second S/D of the
first NMOS transistor to a first S/D of the first PMOS transistor; a second

NMOS transistor, a second PMOS transistor with a first S/D coupled to a
second bi ag9vol Thgmethedef claim Ful | - down node coupling a second S/ D of the
second PMOS transistor to a first S/D of the second NMOS transi stor; an

input node; a §$LALAIE a6 i f L st PMOS
transistor to a seconedtﬂjg&(/ii?)1 o?&@%éeggglgsoﬁegﬁ%%&ﬁ@a%%%{bg?Haa%\d coupling a
gate of the firwaliaghMOS transistor to a gate of the second PMOS transi stor;

an out put node; an input switch coupled to comunicate data input signal
and. an out put switch

information fro ' N t he .st or age node;

to comuni cat e a%rgsgt%éu pu bl%f‘%ﬁ‘%éeu‘r’f‘f 6Srbe ‘?%%%ﬁ%ﬁ#@ﬁ%’%%ﬁﬁ%t node to the
storage node, thdtapelehesd aadnprising: providing a third bias voltage to a
gate of the first PMOS transistor;

wherein the third and fourth bias voltage levels are the same.
30.  The method of claim 76,

wherein the third bias voltage level is selected to set a voltage level of the
pull-up node at which the first NMOS transistor and the first PMOS transistor
become reverse biased in response to a high-to-low of data signal transition;

and

‘wherein the foutth bias voltage level is selected to set a voltage level of the
pull:down node at which the-second NMOS transistor and the second PMOS
tratisistor become reverse biased in respotise to a low-to-high of data signal

transition.'-’ ‘ o .

" 81. - Amethod of retrieving a data value an integrated circnit inclﬁding a first
NMOS transistor with a first source/drain (S/D) céimpled 1o a first bias voltage
level; a first PMOS transistor; a pull-up node coupling a second S/D of the
first NMCS transistor to a first S/D of the first PMOS transistor; a second
NMOS transistor; a second PMOS transistor with a first S/D coupled to a

| second bias voltage level; a pull-down node coupling a second S/D of the
second PMOS transistor fo a first $/D of the second NMOS transistor; an input
node; a storage node coupling 2 second S/D of the first PMOS transistor to a
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providing a fourth biasvoltage to a gate of the second NMOS transi S%ﬂfﬁlé?ﬂ)
using the input swtch to transmt data input signal information fr q 6
input node to the gate of the first NMOS transistor and to the gate of the
second PMOS transistor and to the storage node while using the output

swi tch t oWOi%3P#382e the storage node fromthe output no&€TUPBNPAe et hod of
claim76, wherein the first and third bias voltage |evels are the sane; and

wherein the secgadnd®8 §AK {hohi b3 B . 62
27/09/ 2006 WD 03/ 083872 PCT/?JSOI%/@I8§599 7%.411'?'%@5}%3?# gfe%?h%%;?m 76, wherein

the third bias VHPagansistardsd a gaie pbthaessond FdOSitrapsistandn sepumdddhmms  vol t age;

and wherein the. . | | tage level is between the first and second
bias voltage | gI gﬁﬁlgygb%%gﬁeﬁgﬁc%? 8%?5’? S}%l\,%%ﬁoé?éﬁl% ffcﬁré%hfahi rd bias
vol tage | evel i snpbiviode&ntht biersgt nede; afichnvapandvilthas convahtiagedatavher ei n t he
fourth bias volté:ge | evel .is between the irstovtgnd second bias voltage

| evel s; and whePEPY stgnal informetion oy g prtputnode tafBe siggae 1P are the sane.

80. The nmethod gfetheh dbdipridag Wherein the third bias voltage level is
selected to set a voltage level of the pull-up node at which the first
NMOS transistor and the first PMOS transi stor becone reverse biased in

response to a hPYRIng.a thid bips vritege i9jagete of thefsti AMQH transigtel; wher ei n t he

fourth bias voltage level is selected to -set a voltage |evel of the pull

down node at whpelidinae-o&aPnsk WS & [ I I*{I\WG ) '
transi stor becoir)re re\?er se biased in 322%8?\?33%%% O\A§t§r§r§é |gh£§?data

signal transition. . .
using the output switch to transmit output data signal information from the

storage node to the output node while using the input switch to isolate the

storage node from the input node.
82.  The method of claim 81,
wherein the first and third bias voliage levels are the same; and
wherein the second and fourth bias voltage levels are the same.
83.  The method of claim 81,
wherein the third bias voltage level is between the ﬁﬁt and second bias

voltage; and

wherein the fourth bias voltage level is between the first and second bias
“voltage levels. S

84,  The method of claim 81, - ST

wherein the third bias voltage level is between the first and second bias

voltage;

- wherein the fourth bias voltage level is between the first and second bias

" voltage levels; and

- wherein the third and fourth bias voltage levels are the same.
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81. A nethod of retrieving a data value an integrated circuit incl ”2‘7?@ &006
first NMOS trarisistor with a first source/drain (S/D) coupled to 9
bias voltage level; a first PMOS transistor; a pull-up node coupling a
second SID of the first NMOS transistor to a first S/D of the first PMOS
transi st oW E8nd  NMOS transistor; a second PMOS t PAASISEYSMwith a

first S/ID coupled to a second bias voltage |evel; a pull-down node

coupling a srcorTtheShdthsf oflchgn ggecond PMOS transistor to a first S/D of the
second NMOS transistor; an input node; a storage node coupling a second
S/D of the first PMXS transistor to a . 63 27/09/2006 WO 03/083872

PCTI US03/ 09599 S¥hesiin the/tyrd frias ollagedavshis srioptes! torsghasyodiegsylevghaf eupl i ng a gate

of the first NVaBpR88kSiHén thé)ﬁﬁf WOQ%S%%?%&Q%& ksl stor; an

out put node; an_input swtch coup C ( ata i nput signal
i nformati on frorbcedmee reverpairiasad tharesponsctte a dighriadew mpualatarusition;and put swit ch
to conmuni cate data output signal information fromthe output node to the

storage node, t TRELFL idi thi i tage to a
gate of the firoreiElebdERybRRbRl SRS lolfalb ot 25 <o a
gate of the seconi-diviBoda amdichitior secadNMOSitragsistihvend thicrdéond BM@EH t o

transmt out put  dat. ignal infaormation fromthe siorage node to the
out put node whi Itrémﬁ%f’%g?rﬂ%mf"?{ﬁe&f‘ r(‘?ﬁ’oflﬁ)etf@g‘i"&'tt‘é'ﬁ’ﬁﬁ@l v4¥% age node from
t he i nput node. it@asitidfe nmet hod of claim 81, wherein the first and third

bi as voltage levels are the sane; and wherein the second and fourth bias
83, The nethod of claim8l, wherein the third

e Lo R PR S0 o0 B €L Mo thcrenn (e U
e S | et USRS SRS el MRl sl S0 o000 b 2

PMOS transistor; a pull-up node coupling a second S/D of the first NMOS

transistor to a first S/D of the first PMOS transistor; a second NMOS

transistor; a second PMOS transistor with a first /D coupled to a second bias

voltage node; a pull-down node coupling a second S/D of the second PMOS

transistor to a first S/D of the second NMOS iransistor; a storage node

coupling a second S/D of the first PMOS transistor to a second S/D of the

second NMOS transistor and coupling a gate of the first NMOS transistor to a

gate of the second PMOS transistor, the method comprising:
providing a supply bias yoltage to the first bias voltage node;
p-roviding an eff.';alct'ive ground bias ;.roltag;a to the second biés voltage nodé;
ﬁr(;v_iding thesupply bxas voltr%lge to a'gal':.t'z of the ﬁrét PMOS 'trans.i__stor; _
.p'1'ow:ri'di11g :the effecﬁ.\_;e ground bias véitag; fo z; gate (;f the seconci.&MO.S,

- transistor; anfi ' - '
imparting a digital input. signa] having any of multiple respective voltage

levels to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor and to the storage node;
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wherein the third bias voltage |level is between the first and secong mgéOOS
vol tage; wherein the fourth bias voltage |evel is between the first Z

second bias voltage |evels; and wherein the third and fourth bias voltage

| evel s are the same. 64 27/09/2006 WD 03/083872 PCT/US03/09599 85. The

met hod of WO'%3¥8%81, wherein the third bias voltage | ev&CTUSIHBIRcted to set
a voltage level of the pull-up node at which the first NMOS transi stor and

the first PMOS tréglsing teh on BEROTRt NMGS S@sRiod sefifub&liohRS PEIRSEof e 2
hi gh-to-1ow input_data transition; and wherein the fourth bias voltage
level is sel ect ®8ihdgwa@pdesons e lipibthestprage apds e volirgelevgbigiermagd b¥t  whi ch

t he second NMOS i : 5t Oor becone reverse
tﬁér@éb%b@eﬁr%lt?g‘t%qevtefﬁ”t edgg@] 1ﬁpﬁ?§ af

bi ased in response to a | ow1to-high I nput ransition. 86. A method of
accessing an integrated circuit including a first NMOS transistor wth a
first sourc®tdr dibametyodp! elaiypdelribe inclydingst bi as vol tage node; a first
PMOS transistor; a pull-up node coupling a second S/D of the first NMOS

transistor to a ajf?célr tgé st nt%alji:lﬂg sgdsﬁ‘l%talga(% 1{;&?5‘1%1%% a%e fbd .econd NMOS

transistor; a second P anststor "w t ITst oupl'ed to a second
bias voltage node; a pull-down node coupling a second S/D of the second
PMOS transist oA methed ¢6faceassiay i ipfegtated cirewibmdlufinge first BEDS transistan st or age

node._coupl 1 19, SiSHRALoSLOAT (B8 LSt RV A I0RIERL8K 3k Second S/ of

the second N ransi stor an INg a gate o , NMOS
transi stor to aPMRR eamnistor;apuilapande EMplng 4 se06nds3/Drof tHelfest MMOSd conpri si ng:

provi ding a supply.bias yol e lo.t i,rst .bias vol ode; providing
an effective grE’ﬁ%ﬁ?%’it‘ég%6%@@@?@3m5§%ﬂﬁorbﬁé?oﬁm node;
providing the suppisiorb RSondNIOY Eratisistcd veitd £5:f S/DRBubitd Bla sEMRPbIag aNsi st or ;

providing the effective ground bias voltage to a gate of the second NMOS
transi st or; andvoltage node; a pull-down node coupling a second S/D of the second PMOS

transistor to a first S/D of the second NMOS transistor; a storage node
coupling a second §/D of the first PMOS transistor to a second S/D of the
second NMOS fransistor and coupling a gate of the first NMOS transistor to a
gate of the second PMOS transistor, the method comprising:

providing a supply bias voltage to the first bias voltage node;
providing an effective ground bias voltage to the second bias voltage node;

providing to a gate of the first PMOS transistqr, a reference voltage level
between the suppiy bias voltage level and the effective ground bias voltage’

level;

providihg to o gate of the second. NMOS transistor, a reference voltdge level
between the supp]y-bias voltage level and the effective gfouﬁd bias voltage ‘

level; and

imparting a digital input signal having any of multiple respective voltage
levels to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor and to the storage node;
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inparting a digital input signal having any of nultiple respective
|l evels to the gate of the first NMOS transistor and to the gate of #2@6%06

second PMOS transistor and to the storage node; 65 27/09/2006 WO

03/ 083872 _PCT/ US03/ 09599 regulating turn on of the first NMOS transistor as
a functi oWOIP %872 age of the pull-down node so as to PCHUSI¥MFst or age
node to a voltage | evel determ ned by the respective voltage |evel of the
i nparted digital rdgnletng teirgmedf thegfitst NMOSrentigior asfa factipno 8®lthgr ¢ftiey

i ncluding: after tep. of inpartin sensing a.volta evel . of the
storage node. 88?‘51&&?’?@%@5 SR é@? %Braﬁ%nqdﬁtt‘g@}"gpgﬁlieg%fag%?‘?m%@f udi ng a
first NMOS transitet@pectivk Viltage fovelSif tifedmbaed digtahingdt/sihaicoupl ed to a first
bi as voltage node; a first PMOS transistor; a pull-up node coupling a

second S/ D the, first ransi stor to a first S/D of the first PMOS
transi stor; %é se@'& emwﬁ eBF}CR’ngécond PMOS transistor with a
first S/ID coupled to a second bias voltage node; a pull-down node coupling

a second S/ D of iiheieecpRdidiking, tnains b Sbitige el tiestirage/ndd@f the second
NMOS transi stor; a storage node coupling a second S/D of the first PMOS

t ransi st or t9§ a 3econ / D .of the _second NMOS tranpsistor and coupling a
gate of the“firs ‘Wﬁ% FIQHRS 3 falt valpe ip an dnfesxated cifqyit incliding RIS t r ansi st or

the method conprNHOMtranBk@Y with BGird sSiRilrin P3/BF cPldaa98 fit@biabfotfa St bi as
vol tage node; providing an effective ground bias voltage to the second bias

vol tage node;  plewski aifiti’MOS drapsister; apuli-nenddecouplippaecond 4D eftbe , a
reference vol tagﬁs{}@%ﬁs uagﬁ%t%%ﬁr%}%/ﬁﬂ?%ﬁﬁbgﬁ)é’@:{ngﬁgﬁ 4 Yy and
i P Ing £o a’g

t heef fective groun as voltage evel’; "provi ate of the second.
NMOS transi st or , NsiOSafansietor @ sewohd RYHOS eaneistor Wwith wiiess Stiheoupledpd ¥ bi as vol t age

mput of gnal  havioRg iy BlEReR prakAayp S coungeisagR SIEBEE (o (he gate
of the first NMacdndPMOS irsishitto 4 frst BB FhSseindNMOS&RNREor; an input

node; a storage node coupling a second S/D of the first PMOS transistor to a

second S/D of the second NMOS transistor and coupling a gate of the first

NMOS transistor to a gate of the second PMOS transistor; an output node; an

input switch coupled to communicate input data signal information from the

input node to the storage node; and an output switch coupled to communicate

output data signal information from the output node to the storage node, the

method comprising:
“providing a third bias volfage to a gate of the first PMOS transistor;
-providing a fourth bias voltage to a gate of the second NMOS transistor;

using' the inpuﬁ'svﬁfch to.transmit inﬁut data signal information from the input
node to the gate of the first NMOS fransistor and to the gate of the second
PMOS transistor. while using the output switch to isolate the storage node from

the output node; and

limiting the storage node to a prescribed storage node voltage level determined

by a most recent input data signal voltage level.

91.  The method of claim 90,
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PMOS transistor and to the storage node; 66 27/09/2006 WO 03/08387, 7/09/2006
PCT/ US03/ 09599 regulating turn on of the first NMOS transistor as

function of voltage of the pull-down node so as to |limt the storage node
to a voltage | evel determ ned by the respective voltage |evel of the

i npart ed ng?f”t’s&?"zi nput signal. 89. The method of cl ai #QWW?’?&

including: after the step of inparting, sensing a voltage | evel of the

storage node.  Sfierefh HBHROSIChirhiN VoM AetN Be HRlshBe;laRgan i ntegr at ed
circuit including a first NMOS transiStor with a first source/drain (S/ D)

coupled to a first bias voltage | evel ; a first PMOS transistor; a pull-up
node coupling a“éeEEribe seendamd donsth tiasveliagepwisiarethe pameor to a first S/ D of
the first PMOS transistor; a second NMOS transistor; a second PMOS

transi stor 9o t hThe fiethsl oR1BmapuUPl €d to a second bias voltage level; a
pul | -down node coupling a second S/D of the second PMOS transistor to a

first S/D of the second NMOS transistor; an input node; a storage node
coupl i ng a secoitdersithethird hias voliage lepghisbatvepndhe first andseepnd bisgond S/ D of the
second NMOS tragglga%g.% and coupling a gate of the first NMOS transistor to
a gate of the secoid transi stor; an output node; an input swtch
coupled to communi cate i nput data signal information fromthe input node
to the storage wheen thimguainbisuvqiiage vl ichetwen Bheditsttand seoondibizc at e out put
data si gnal inf%lggéiegasfromthe out put node to the storage node, the

met hod conprising:° providing a third bias voltage to a gate of the first
PMOS transistor; providing a fourth bias voltage to a gate of the second
NMOS t r ans®3t or The msthodofickeémidput switch to transmt input data signal
information fromthe input node to the gate of the first NMOS transistor

d h ; g i . i ' h
ui toh to i 0l arBurhARBRr ARl Ry AN G W Gt B | it Png  ne

st orage node t ovdltage;escri bed storage node voltage | evel determned by a
_nost recent input data signal voltage |evel.

wherein the fourth bias voltage level is between the first and second bias

voltage levels; and
wherein the third and fourth bias voltage levels are the same.
94.  The method of claim 90,

wherein the third bias voltage level is selected to set a voltage level of the
. pull-up node at which the first NMOS transistor and the first PMOS fransistor
become reverse biased in response to a high-to-low of data signal transition;
wd . , . .
i;vhe;eiﬁ fhe :i‘éurtﬁ Bias %'l'tzige. ]év.él ié-;é,elec‘.te;d to-set a voltage level of the
~ pull-down node at which the second NMO-S trar_xsistor and the second PMOS

transistor become reverse biased in response to a low-to-high of data signal

transitiori.
95.  The method of claim 90,

- wherein the prescribed storage voltage level is firther determined by a
difference between a storage node voltage level and a voltage level of the pull-

~down node.
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91. The nmethod of claim90, 67 27/09/2006 WO 03/083872 PCTI US03/ Om 06
wherein the first and third bias voltage | evels are the sane; and 29
the second and fourth bias voltage |levels are the sane. 92. The net hod of
claim90, wherein the third bias voltage |level is between the first and
second bi%¥%Q 0¥ age; and wherein the fourth bias vol t BgEUPEPET? i s bet ween
the first and second bias voltage |evels. 93. The nethod of clai m 90,

wher ei n t heédé hi rAdmbthadofrelricaine aldety @hlué sn aekywedtirchieintinimp: ek second bi as

vol t age; wherei fourth .hias voltage,| | is between . the first and
second bi as vomggtrﬁ‘é%%?r@a’aarfi‘SWW%gﬁlQ&éi%W}Bg E’rﬂvj\f%ft&éﬁst"ﬁkﬁ‘ﬂeas vol t age
levels are the Mﬁﬁaﬁrs@?Md@@alﬁﬁfoﬂ%qmﬁfup%&?EBu%flﬁg é!‘@b%éﬁS?DtoF‘ﬁleth' rd bias

voltage level is selected to set a vo tage |l evel of the pull-up node at

whi ch the first SrtVEIOF trarsistarde a fstiSDnef th fst PMOBGansisiorsd sscond  becone
bi d i SE. ' - |. i | .t ition; d
eror e thafouNMOS RRANAE, 4 Gefd s i viln LBNCSDIAIA G o Tovel o

wherein the four I'as vol tage sel e e
the pull-down sadedbibs vdliaghlevtipa mdicdunch N¥EEiplian s kbt S/Brd tiehe second PMOS

transi stor becone r e biased in response to,.a |owto-high of data
signal transit F‘?‘fﬂ?‘fg@?ﬁﬁ?@s‘g’ﬁ’f tﬂ&dﬂﬂis%i Pgﬁhﬁf‘%{”“d bﬁ@%frﬁis‘ﬁ% 2Bty i bed
storage vol t agendd®y#£htotage hoteldofilind@ls8dofll REFoNYe Arst PVTsafe066r BGt Ween a
storage node voltage | evel and a voltage |evel of the pull- down node. 68

seconid S/D of the second NMOS transistor and coupling a gate of the first

NMOS fransistor to a gate of the second PMOS transistor; an output node; an

input switch coupled to communicate input data signal information from the

input node fo the storage node; and an output switch coupled to communicate

output data signal information from the output node to the storage node, the

method comprising;
providing a third bias voltage to a gate of the first PMOS transistor;
providing a fourth bias voltage to a gate of the second NMOS transistor;

using the output switch to communicate data signal information from the
storage node to the output node while using the input switch to isolate the

storage node from the input node; and

limiting the storage node to a p’résc:ribed storage node voltage level determined -

by a most recent input data silgngll. Yoltage level,

97. - The -method of clgﬁ_;l 96, | ,
wheréin the ﬁr.st.and third bias v.olt-age levels are th;a same; and
wherein the second and fourth bias Volfage le'{rels ate the same.

98.  The method of claim 96,

wherein the third bias voltage leve] is between the first and second bias

voltage; and
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27/ 09/ 2006 WO 03/083872 PCT/ US03/09599 96. A nmethod of retrieving 27%&006
value an integrated circuit including: a first NMOS transistor wt

first source/drai n (S/D) coupled to a first bias voltage level; a first
PMOS transi stor; pul | -up node coupling a second S/D of the first NMOS
transi stoWOt(’éﬂ'%?s'Pl rst S/D of the first PMOS transistor PCHUSBE8MHE NMOS
transistor; a second PMOS transistor with a first S/D coupled to a second

bi as vol tage |e%lerem&h@fbhﬁhﬂﬁ%lﬂ@é’?ev@l%@éﬁv%tﬁeﬁ:‘é‘%ﬁ%cﬁh@b% the second
PMOS transistor to a first S/D of 'the second NMOS transistor; an input

node; a storagevelggelaydlspl i ng a second S/D of the first PMOS transistor to
a second S/D of the second NMOS transistor and coupling a gate of the

first N'V[)59Ua@’ﬁé§&ﬂlﬁdopc1§1n@§te of the second PMOS transistor; an output
node; an input swtch cou to communi cate input data signal information

fromthe input node to the storage node; and an output switch coupled to
communi cat e ouWﬂi@l’@mdhﬁtthlréb@ﬁwﬂtagﬂfeoelnabﬁvtwmnﬁh@ﬁmaméSmm@hlas node to the

st orage node, @ %&hOd conprising: providing a third bias voltage to a
gate of the firs tﬂﬁ transistor; providing a fourth bias voltage to a
gate of the second NMOS transistor; using the output switch to communicate
dat a si gnal i nfwheamitienfofintlobmg Vrétagskos] dgetmedehd firstdnd sevohdbitis node whil e

usi ng the input %ggtl%h to %sol ate the storage node fromthe input node;
and limting t hE@EoPEd% Rbde to a prescribed storage node vol tage |evel
determned by a nost recent input data signal. voltage |level. 97. The

met hod of cl ai nwBfein thehthirdadl fotith bibkd wdltagaidvdlhire thek@s. vol tage | evel s are
t he sane; and vvherei n the second and fourth bias voltage |evels are the

sane. .aim 96, wherein the third bias voltage |level is
bet ween thé&?l r %ﬂo‘g%fc? gg‘ vol tage; and 69 27/09/ 2006

wherein the third bias voltage level is selected fo set a voltage level of the
pull-up node at which the first NMOS transistor and the first PMOS transistor
become reverse biased in response to 2 high-to-low of data signal transition;

and

wherein the fourth bias voltage level is selected to set a voltage level of the
pull-down node at which the second NMOS transistor and the second PMOS
transistor become reverse biased in response to a low-to-high of data signal

transition.
- 101,- The method of claim 96

wherein the prescribed storage voltage Ievel is: furthcr detenmnod by a
dlfference bctween a storage node voltage level and a voltage level of the pull—

down node.
102. . An‘integrated circuit comprising: - .
a latch circuit Eﬁclﬁding,-

a first inverter including a first high threshold voltage PMOS transistor and a
~ first high threshold voltage NMOS transistor with a fixst data node comprising
interconnected source/drains {S/D) of the first PMOS and NMOS transistors;
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WO 03/ 083872 PCT/1JS03/ 09599 wherein the fourth bias voltage Ieveloé?
between the first and second bias voltage |evels. 99. The nethod é?%ﬁ¥g06
96, wherein the third bias voltage level is between the first and second
bias voltage; wherein the fourth bias voltage |level is between the first

and secodWO%W@?gnvoltage | evel s; and wherein the thirdP&RFSE3EIPh bi as

vol tage | evel s are the sane. 100 The nmet hod of claim96, wherein the

third bias vol t aggcdrBlerteSinGatiNe &!doﬁdzugﬁﬂue%haa@ b&lﬁgﬁpmse&an%m} he pull-up
node at which the first NMOS transistor and the first PMOS transi stor

becone reverse indaseropdhighdsesheld volings MYIQH ﬂta@ﬂf’ct@\imﬁlfa sgeand detagadé
transition; anq.whgk s hshs ected to set a
vol t age | evel of %Qﬁ ]ﬁ%ﬁ)ltﬁfr&gg%\:m%r?% 6 at \ng)/bhg?ﬁeg%é@o%gaﬁl%& transi stor
and the second PGS transisisisst or becorre reverse biased in response to a

| ow-to-hi gh of data signal transition. 101.- The nethod of cl ai m 96,

wherein the pre e urther determ.ned

di fference bet V\é@%}egﬁgl }r-ltgég’;‘gfq%o Wﬁsga‘gﬁ L:v@)élﬁﬁﬁfsﬁtoﬁgoﬁr?%oﬁgfnp&el of the
pul | - down node.the]@é’ond/&atalmﬂ@grat ed circuit conprising: - . a latch
circuit including, a first inverter including a first high threshold

vol t age PI\/DStra SIS r f|r reshol d vol tage NMOS transi stor
with a first dat™ 5% | SHgP tpﬁ{[]gg%iﬁ? 5@“@8&%%?&1%5 (S/D) of
the first PMOS aa@lmaﬁrgmggaslbags 70 27/ 09/ 2006 WD 03/083872

PCT/ US03/ 09599 a second i nverter incl ud| ng a second high threshold vol tage

PMOS transi st or
a first low threshold voltage access trans:stor including a first S/D coupled to

the first data node and to the gate of the second PMOS transistor and to the
gate of the second NMOS transistor and including a second S/D coupled to a
first data access node and including a gate coupled to a first access control

node; and

a second low threshold voltage access transistor including a first S/D coupled
to the second data node and to the gate of the first PMOS transistor and to the
gate of the first NMOS transistor and including a second S/ coupled to a
second data access node and including a gate coupled to a second access

control node.

103.  The integrated circuit of claim 102 wherein the first and second control nodes

are in common.
104, ’I:he mtegrated cn‘cu;t of 013;31‘102 further 1ncludmg
‘a ﬁrst b1t lme ('BL) Wthh mcludes the first data acce;s node
-a second bit-Jine (BL-bar) which includes the seccmd data access node; and
aword lﬁe (WL) which includes the first and second access control nodes.
105. The integrated circuit of claim 102,
wherein the first access transistor is an NMOS transistor; and

wherein the second access transistor is an NMOS transistor.
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and a second high threshold voltage NMOS transistor with a second data node

conprising interconnected source/drains (S/D) of the second PN@%/@I
transi stors; wherein the gates of the first PMOS and first NMOS transi stors

~are coupled to the second data node; wherein the gates of the second PMOS

and second NMORA.r anfiidb@b@d 8iréuit &R t0 the first data node; a first
| ow t hreshol d voltage access transistor Tncluding a first S/D coupled to

the first data node and to the}ugate of the second PMOS transistor and to
the gate of the setigid chmpbincluging st or and incl uding a second S/ D coupl ed
to a first data access node and including a gate coupl ed to a first access

control node; and ta st or,
including a first Sﬁbéﬁgg%ﬁm&ﬁgﬁggggg%dn%h Orr‘?B %ﬁg&@g{ﬁ# Hénsé%?re of
the first PMOS trarsilsa ﬁrstdatainbdia doneprisiftitteffonhdited dolue/dNYER I/DRESHSt or and
i ncluding a secondfl ?&ﬁgpl@@@ a second data access node and i ncl udi ng
a gate coupled to ¥ ay S tEBHEtP® node. 103. The integrat ed
circuit of claim102 wherein the first and second control nodes are in

comron. 104, The | aiseehdliibres hbingd sochd FM@%%&HE%F%dAQ&OH&M?a first

bit line (BL) which includes the first data access node; Seco i ne
(BL-bar) which i ncfraesor wigh gé@?@ndiddamadfammgm&rcoanebtecﬁsdweﬁﬁrhm@e (W)

whi ch i ncl udes the ntr.ol nodes 105. The
integrated circui t(%/PS ﬁf%’?%&f’g‘gﬁmé ﬁi’iﬂg?‘??$§?rséccess transistor is an
NMOS transi stor; and wherein the second access transistor is an NMOS

transistor. 71 27#REtROREgatdOEF thé\irdt PVIOS AEHsENMON brafibisiafd Qiled b at ch
circuit including, _a fi rﬁd i nverter including a first PMOS transi tor and a
al

first NMOS transi sfgsecond data node;

wherein the gates of the second PMOS and second NMOS transistors are
coupiqd to the first data node;

an input switch including,

an access transistor including a first /D coupled to the first data node and to
the gate of the second PMOS transistor and to the gate of the second NMOS
transistor and including a second S/D coupled to a first ddta access node and

including a gate coupled to a first access control node; and

a first output switch, which includes a first discharge path coupled separate
from the latch circuit to selectably discharge a precharge voltage in response
to a stored data value of the first data node or the second data node.

107.  The integrated circuit of claim 106,

wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage transistors; and

wherein the second PMOS transistor and the second NMOS transistor are high

threshold voltage transistors.

108.  The integrated circuit of claim 106,
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with a first data node conprising interconnected source/drains (S/D) of the
first PMOS and NMOS transistors; a second inverter including a QW/EU‘%
transi stor and a second NMOS transistor with a second data node conpri sing
i nterconnected source/drains (S/D) of the second PMOS and NMOS

transi stors; wherei t £l i . ansi stors
whetdhS 3PS thgsiktbf Sid B : (ta ngg?g t{aﬁ%mt%g}

are coupled to the second data node; wherein es o0 ond PMOS
and second NMOS t r #irssheldovaltage ransistors] ed to the first data node; an input
swi tch including, an access transistor including a first S/D coupled to the

| _ | SID i
gat e of the Second "N HEFRBHENDs I RERT e oo LIBRI i inhigh (o

first data access tinesholdnltagdGhnsthtdrg andgate coupled to a first access
control node; and a first output switch, which includes a first discharge

pat h coupl ed separahe .fromthe latch circuit to selectably discharge a
precharge vol tage M erp{gstbgﬁgcgss Gogtrgl tsansistay ismulosy theasheld ypltagedransistor. dat a
node or the second data node. 107. The integrated circuit of claim 106,

- wherein the figst ?ﬁ@ﬁte{gfméiﬁéuﬁrof%ﬁﬂntlhémrh{?ﬁhc .transistor are high
threshol d voltage transistors; and wherein the secoid PMOS transi stor and

the second NMOS transistor are high threshold voltage transistors. 108.
The integrated cir&bif lingwhichangindes she firgdapard@eys 2006 andithe sesondida abtasst PMOS
transistor and the, fiirst NMOS transistor are high threshold voltage

transi stors; wherein the second PMOS transistor and the second NMOS
transistor are high threshold voltage transistors; and wherein the access

control transkidt orThedntagrated cireuiesPelbith Y04 fud@er ihélagmpst or . 109. The
integrated circuit of claim 106 further including:
a first bit line which includes the first data access node; and

a second bit line that includes the second data access node.

111.  The integrated circuit of claim 110 including precharge circuitry coupled to

- only one of the first bit line or the second bit line.
112, The integrated circuit of claim 106,
wherein the first output switch includes, |
a first output transistor; and
a second output transistor;

wherein the first output transistor has a first S/D coupled to the discharge path
and has a second S/D coupled to a first S/D of the second output transistor and

- has a gate coupled to one of the first data node or the second data node; and

wherein the second output transistor has a second source/drain coupled to one
| of a first data access node or the second data access node and has a gate

coupled to a second access control node.

113. - The integrated circuit of claim 112,
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a bit line which includes the first data access node and the second data
access node. 110. The integrated circuit of claim 106 further KRG v RG.
first bit line which includes the first data access node; and gr?s/{ed(%}r/lg@t()llqa
line that includes the second data access node. 111. The integrated circuit

of claim 110 i ncl udivhgreRi @ fRdt akd EécBﬁdJi’ﬁl/lrlOzs t‘f‘%mcﬁ ab&a g%gg%%s?lgfgll}ﬁta%#]ec' ai m

first bit line or the second bit |ine. e 1 ntegr

106, wherein the first_ output switch includes, a first output transistor;
and a second out put Whergthe fist andwesensi NMOStrinsisser It pwécohd gnsshsldor has a
first S/ID coupled t@;l.he discharge path and has a second S/D coupled to a
first S/ID of the second output transistor and has a gate coupled to one of
the first data node or the second data node; and wherein the second out put
transi stor has a seearcdngbefiseddesiconesuphsioiol RaONBird Wreshold vQlapdal,g access
node or the second data access node and has a gate coupled to %’second

access control nod(=W 113. Tig% f%{lﬁt eg%@t ed circuit of claim1112, 73
27/09/ 2006 wher ei riehan the Ut apd second ontpublyeesistors havesa faurth shreshold voltge.

t hreshol d vol tage; wherein the first and second NMOS transi stor have a
second t hreshdlid. vahtagegratcahatat Hf diig, fior st access control transistor has
a third threshold voltage; and wherein the first and second out put

transistors have a fourth threshold voltage. 114. The integrated circuit
of claim 112, wher &FrehbedirstAMORtmnsistonatidsho firsa NMOB drahsistet arbIh

transistor are hi gﬁue&BI%ﬁy fhage transistors; wherein the second PMOS
transi stor and the second transi’stor are high threshold voltage

transi stors; wherein t_he first access control transistor is a | ow threshold
vol t age transi st orwherein the second PMOS transistor and the second NMOS transistor are high

72,

threshold voltage transistors;

wherein the first access control transistor is a low threshold voltage transistor;

and

“wherein the first and second output transistors are low thféshbl(i“\}oit'a.gé

transistors.
115.  The integrated circuit of claim 112,

wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage transistors; '

* - wherein the second PMOS transistor and the second NMOS transistor are high

threshold voltage transistors;

wherein the access control transistor is an intermediate threshold voltage
transistor; and

-wherein the first and second output transistors are low threshold voltage
transistors.

116. 'I_‘h_e integrated circuit of claim 1 12,
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and wherein the first and second output transistors are |ow threshold
voltage transistors. 115. The integrated circuit of claim 112, v»ﬂq;lgi gotdge
first PMOS transistor and the first NMOS transistor are high thres o(

vol tage transistors; wherein the second PMOS transistor and the second NMOS
transistor are hi ghwhirbineBRIsEPMOIS RRisir 3RS HRURENMERES bR} 1S HgE eSS
control transistor is an internediate thresho vol t'age ransistor; and

wherein the first éh@sh@éﬁﬂiﬁ%mapmtomr ansistors are | ow threshold vol tage
transistors. 116. The integrated circuit of claim 112, 74 27/09/2006

wherein the first RMB. .St the fir NMVOS istqr are high
t hreshol d vol t age t ran%l%si or g?nd\%hgraggrﬁn?ﬁtgr ﬁ%ﬁae%@h‘?&gﬁé{lﬁt@fﬂ%mgﬁ he
second NMOS transi shieshold eoltugglrandifieigshol d vol t age transi stors; wherein the

access control transistor is a high threshold voltage transistor; and

wherein the first %ﬂ% sefchgnd outgf)ut transistors are low threshold voltage
transistors. 117. T, Flegeerse eoritol ramsisterris @ highrthreshold yeltage trapsistoridandy:  a

bit line which inc! udes t he fi rst qat a access node a_nd t he second dat a
access node; a W iwheraoihe fritR8d Wbd ohiped H&%&t&x@&‘reﬁé&ﬁ&eﬁ%ﬁﬁ%ﬁtag@ ntrol
node; and a read word |line which includes the second access confrol node.

118. The integratetfagsiftemi t of claim 112 further including: a first bit
| i ne which includes the first data access node; a second bit |ine which

includes the ¢gpta .nede: ite word.line which includes the
first access Coﬁtrgﬁg?\lo e@&gﬁ%ﬁno?cﬁtimalliwﬁlrtrhermcsu ing: |

a bit line which inchudes the first data access node and the second data access

node;
a write word line which includes the first access control node; and
a read word line which includes the second access control node.
- 118, The integrated circuit of claim 112 further including:
a first bit line which includes the first data access node;
a second bit line which includes the data second access node;
a write word line which includes the first access control node; and
a. read word line which includes the second access control node.

119. The integrated circuit of claim 118 further including precharge circuitry
coupled to only one of the first or second bit lines.

120.  An integrated circuit comprising;
a bias voltage supply node;

- a virtual ground node;
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a read word line which includes the second access control node. 119. The

integrated circuit of claim 118 further including precharge ciregu
coupled to only one of the first or second bit lines. 120. An i??le/:;dr%{% 06

circuit conprising: a bias voltage supply node; a virtual ground node; 75
27/09/ 2006 a firsta AMOSMOSBSisH& inbRGnd @i Mg PDld Gl the
ngd S/ D codggﬁg%gttget e gtgmt“?

virtual ground node and including a secon S vol tage

supply node and i nédgandgpchdingaseconb@icqupled th thediiasnoiiegespblyalodeade; and
a second NMOS transyg [ ' first S/ D coupled the virtual ground

node and including a g@%ﬁh%gé%h@%% aegrsigmﬁﬁgmﬁq?g?‘f%ﬁ@g control node and
i ncluding a gate coupled to a second node control node. 121. The integrated

circuit of clai m 120ecodeNIiOS trausistirdscladimph Yirst S/1 86iH1edH8 virfuabSRhed to a

| ower power supply |evel.. erein the first node control node Is coupl ed
to receive a first nﬁﬁ%@“@&ﬁ“ﬁﬁ’asasg?wﬂwapleéﬁa@leﬁmtﬁy)dﬁmm mfode gnd NMOS

transi stor in an aGidlvdn 5 1édat first NMOS transi stor
gD Eae 3Rh1IEIR 7 sg%fg{mo@é &nﬁgﬁ%o(gfg

in a standby node; wherein'the secon e contro “is coupled to
receive a secon? mode  control signal that turns on the second NMOS

transi stor inldlst dhaByesreiadcisemt ofidlaim 120 ns of f the second NMOS transistor
in an active node; and wherein the second node control signal has a val ue

| ower than the | owgs, gg&ll vel en the driver is in the standby
mode and the secont CNRER PESH |ggé&é”?&?ﬁecau@ﬂ%ﬂﬁwﬁgmyﬁﬁuﬂp Nexsh;
transistor is turned on. 122. A method of switching the circuit of claim
120 between an act wheremgbefisshohode cortes) dbile FRUBpIe@ MYeES T Fird hifvde SHRRIY

vol tage node to a l.o wer supply level; providing to the first node
control node a fir %@%E&ébw&n tL‘P Grsl NMQS trapsigter infanragtivomotltiend thast  NVOS
transistor in an aghis\er dRt NMOSMhsibif s Qhdav) Aodtl TSt NMOS transistor
in a standby node; and ?

wherein the second mode control node is coupled to receive a second mode

control signal that turns on the second NMOS transistor in a standby mode and

that turns off the seconrd NMOS transistor in an active mode; and

wherein the second mode control signal has a value lower than the lower
power supply level when the driver is in the standby mode and the second
NMOS transistor is turned off and the third NMOS transistor is turned on.

122. A method of switching the circuit of claim 120 between an active mode and a

standby mode comprising:
bias supply voltage node to a lower power supply level;

providing to the first mode control node a first mode control signal that that
turns on the first NMOS transistor in an active mode and that turns off the first
NMOS transistor in a standby mode; and

providing to the second mode control node a second mode control signal that
turns on the second NMOS transistor in a standby mode and that turns off the

second NMOS transistor in an active mode;
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providing to the second node control node a second node control signal that

turns on the second NMOS transistor in a standby node and that tz‘#/t?g?bfooa
the second NMOS transistor in an active node; 76 27/09/2006 whereln the

second node control signal has a value |ower than the voltage supply |evel

in the standby node, 123 An inteqrated.circyit driver circuit conprising:
a first bias vol t ajBerfigdhe sepond mopg copted S@Bﬁ#‘é@%"ﬂ&ﬁi’,weréh‘?ﬁ eVoliagge

control node; a segRPH 1R % HRRIMIby A8EE; an inverter circuit including a
PMOS transistor and a'first NMOS triansistor; wherein the inverter includes

a data node con3‘pri sing interconnected first source/drains (S/D) of the
PMOS transi st b#3- antin integatedpiosit drives cisewt compiisingt n t he i nverter includes an
inverter control node coupled to gates of the PMOS transistor and first

NMOS transi stor; %;ﬁfsgﬁi%%l?ﬂ%gﬁﬁ%g D of the PMOS transistor is coupled to

the first bias no a seco transistor including a first S/D
coupled to a second S/D of the first NMOS transistor and including a
second S/ D coupl ed secortdigassedfagelnbdeas node and including a gate coupled to
the first node control node; a third NMOS transistor including a first S/D

coupl ed the second tfx/ Do thg_ 1f(iBi;?_st NMOS transi stor and including a second
S/D coupl ed to thd PFHLPIGHOREOI NS | 51 node and including a gate coupled to

the second node control node. 124. The driver circuit of claim123,

wherein the first aBeamdmesie dositréltdleed to a hi gher power supply level;
wherein the second bias node is coupled to a second | ower power supply

| evel ; wherein the first node control node is coupled to receive a first
node control si gARMVERsR cifcyidrclading p EMQY Bprsistanzad @ st MQS tragsistor: he
driver is in an active nopde and that turns off the second NMOS transi stor

when the driver i hkRifthé faverter includes a data node comprising interconnected first
source/drains (S/D) of the PMOS transistor and first NMOS transistor

wherein the inverter includes an inverter control node coupled to gates of the

PMOS transistor and first NMOS transistor;
wherein a second S/D of the PMOS transistor is coupled to the first bias node;

a second NMOS transistor including a first S/D coupled to a second S/D of the
first NMOS transistor and including a second S/D coupled to the second bias

- node and including a gate coupled to the first mode control node;

a third NMOS transistor including a first S/D coupled the second S/D of the
first NMOS transistor and including a second S/D coupled to the first mode

control node and including a gate coupled to the second mode control node.
124, . The driver circuit of claim 123, |
wherein the first bias node is coupled to a higher power supply level;
- wherein the second bias node is coupled to a second lower power supply level;

- wherein the first mode control node is coupled to receive a first mode control
signal that turns on the second NMOS transistor when the driver is in an active
‘mode and that turns off the second NMOS transistor when the driver is ina
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27/ 09/ 2006 standby node; wherein the second node control node is coupled

to receive a second node control signal that turns on the third NG9 /2006
transi stor when the driver is in a standby node and that turns off tée

third NMOS transi stor when the driver is in an active node; and wherein
t he second node co I an Qﬁ§ val we l.ower. than the l.ower voltage
supply | evel when %}%ééﬂgrlﬁ{)/%p%hs | nth? RE” @'%&5&%0&30%& ?H@%&Sﬁ%"e fnvos
transi stor is turnedond fnode ortive sighilrtkht NieSok fHRNBird NMOS Srahsiithodhdnhe 125.
The driver circuit of ¢laim123, wherein the first control node is coupled

to receive an addr $4¥riningrsindpymode angthatriyensrf the this] NMOS trassistorayhent 23,
wherein the first ﬁl@%!i/&’tlisﬂ?ﬂfa%i%ﬁ%ﬂgl gdito receive an address signal and
ple

wherein the data node is cou to recerve a word line signal. 127. The
driver circuitof claim 123 further including: a virtual ground node;
wher ei n t he secondwisirtinghe sdeond inod¢ cddiobsipnaihas 8 value iever thaal thellober t he

virtual ground naode; wherein the first.S/ D.of the second N t ransi st or
is coupled to the ‘(P?ﬁagiuﬁqpp?y B‘E]r’fﬁ‘eﬁélbf‘e, V&ﬁ&‘%%ﬁ"@’ﬁ’ﬁ@ 2P {NeSPE9NGs ¢ he

third NMOS transi SNRIOS aReiefiridd dihavhé Had NMEOWRishR $umkd®n. The
driver circuit of claim 123, wherein the first bias node is coupled to a

VDD power supply; __wherein the second bias node is coupled to a VSS power
supply: wher éi28- t Heherdrives cippifof claimrladd, node is coupled to receive first
node control signal that has a VDD signal value that turns on the second

mde cont 2 VOD si gnal vl ue th n the second
that has o vSS. R UTA o e oy e iy oo pled G keckfs bl PRI Cnen

the when the driver is in the standby node; and
126.  The driver circuit of ¢claim 123,

wherein the first control node is coupled to receive an address signal and
wherein the data node is coupled to receive a word line signal.

127. . The driver circuit.of claim 123 further including:
a virtual ground node;

wherein the second S/D of the first NMOS transistor is coupled to the virtual

ground node;

wherein the first S/D of the second NMOS transistor is coupled to the virtual

ground node; and

wherein the first S/D of the third NMOS transistor is coupled to the virtual

ground node;
128.  The driver circuit of claim 123,
wherein the first bias node is coupled to a VDD power supply;
" wherein the second bias node is coupled to a VSS power supply;

~wherein the first mode control node is coupled to receive first mode control

signal that has a VDD signal value that turns on the second NMOS transistor
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wherein the second node control node is coupled to receive a second node
control signal that turns on the third NMOS transistor when thedriyey2iogne
in a standby node and that turns off the third NMOS transi stor when the
driver is in an active node. 129. Aintegrated circuit driver circuit
comprising: a fitsiyhbh i dfiobt R4PHE AGR/CRNR £fd i 1fds HWARCK \POAGL St
| evel ; a second bias voltage node coupﬁ ed to a [ower power suppfy el; a
first node contr ol ofititesecendsi@Isdramsterodiennind whathhe driset igfhdthe standbygnal
line; a word |ine; adyirtual ground node; an inverter circuit including a
PMOS transistor wi A% % st source/drain (S/D) coupled to the word Iine
and a first NMOS transistor with a first S/D coupled to the word |ine;

wherein gates of t#BerBM®e tecambinsiOorddfinddd i otk olb @R Sicfbndgacoup! ed
to the address signal |ine; wherein a second S/'D of the PMOS transistor is

coupl ed to the fi remntm]ganahgustums giethe thirddNVED transitad vdfenttheddiver st inkMOS
t i stor i f ' d .. 79.27/ 09/ 2006. a. d
NSt Fansi Stor 1 ey ok Bad tlaf b8 orBNRE NRISS oyt whin iy v iRode.

and includi ng a sdaandciB/enedaipl ed to the second bias node and including a
gate S/D coupled to the first node control node; a third NMOS transistor
including a fi.rst SID cou&)l ed the virtyal ground node and including a
second S/ D cddpt ed PHeaHE Fireut driysHErQBRomIIsHBEe and i ncl udi ng a gat e
coupled to the second node control node; wherein the first node control
node is coupl ed tQ fi6GH) hddat J t that turns on
t he second NMOS transi S%S\cﬁs)h\?\tﬁ%%%&%ﬁgﬁ%lrg?\t/(gé)ﬂig{sﬁl%O@rr]%@(l:}t’%e\k/}gl’ node and t hat -
is

turns of f the second NMOS transistor when the driver
a second bias voltage node coupled to a lower power supply level;

a first mode control node;

a second mode control node;
~an address signal line;

a word line;

a virtual ground node;

an inverter circuit including a PMOS transistor with a first source/drain (S/D)
coupled to the word line and a first NMOS transistor with a first S/D coupled

to the word line;

- wherein gates of the PMOS transistor and first NMOS transistor are coupled to
the address signal line;

- wherein a second S/D of the PMOS transistor is coupled to the first bias node;

wherein a second S/D of the first NMOS transistor is coupled to the virtual

ground node;
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in a standby node; wherein the second node control node is coupled to

receive a second node control signal that turns on the third N5 09/2006
transi stor when the driver is in a standby node and that turns off the
third NMOS transistor when the driver is in an active node; and wherein

the second node conkédhd NMIOS kraligstoPinkRlIHE 4 @WEY/D! o QYRS age
supply level when the driver is in tlr?e s%hgndby noddgﬁglﬁglﬁmlg seca(IJ c?%{{II\/DS
transistor is turndefesmd inghilingia second §/INvDBled tartles sebard biss tadenad on. 130. A

met hod of controllj i tchi of riyer circujt, of, claim 123 between
an active and a st%&%gﬁ\gﬁn%gé%@%o}'?ge?ﬁ%ﬂmc%m? Fopiel 99965t bias node to a
hi gher power supply level; coupling the second bias node to a second | ower

power supply | evela thidNMOSi trgsistor idttuding & firsPBABcAPNIIRE veREEgBudd ficle Node
control signal that t.ha}t . turns 3n t he second NMOS transi stor when the
driver is in an actiVEClHEjnga serend SAAcounledhto the first mode eerdtel nplaamd; r ansi st or

when the driver i SpkhRtds : i.di the second nopde
Sintl}dig %tgﬁ&%%ﬁr)lg{ﬁcglﬁlge ﬁg\{bﬁd R cBhPE nbe

control node a second nbd€ con t hat urns o the third NMOS
transi stor when the driver is in a standby node and that turns off the
third NMOS transi stksreintterfirstaodi ¢ongrol nadel is caupleglat ireceiverdirst m8d: @at@p/ 2006

wherein the second. control signal h al ue | ower than the | ower
vol t age supply | e\c/égm\f/j\ﬁ%tntﬁ{&ﬁgnﬁpp see qalﬁ “%‘Féﬂ;ﬂfﬁweﬂﬁ%“eg%mlsﬂﬁémsecond
NMOS transi stor i sctivymede Adfthantms BE thdidcend NS BRSS! Whed the HH%%}/‘E% on.

131. A nethod of qQperating an integrated circuit that 1 ncludes a
devi ce and an NvVO®! &igpéhymedeiat a node connected to a first source/drain
(S/ID) of the PMOS device and a supply voltage node connected to a first

S/'D of the NMOS dg\icSEs ' (D of, the PMOS device i
connected to a secéﬁﬁfwﬁgﬁgﬁﬁf@&g\é?&fwﬂﬁét%fﬂgﬁaé%%ﬁmd%g t he
steps of coupl i ngortied signgithat terak bage: thed BIMOS thassistat #hapge dever 0y di ng
respective gate val t(ﬁ, es o the PMOS device and to the NMOS

| stan ?/mo e and that turns off the third NMOS transistor when the driver is

in an active mode; and

- “wherein the second miode control signal has a value lower than the lower
voltage supply level when the driver is in the standby mode and the second
NMOS transistor is turned off and the third NMOS transistor is turned on.

130. A method of controlling switching of the driver circuit of claim 123 between

an active and a standby mode comprising:
~coupling the first bias node to a higher power supply level;
coupling the second bias node to a second lower power supply level;

providing to the first mode control node a first mode control signal that that
~turns on the second NMOS transistor when the driver is in an active mode and
that turns off the second NMOS transistor when the driver is in a standby

fnode; and

- providing to the second mode control node a second mode control signal that
- turns on the third NMOS transistor when the driver is in a standby mode and
that turns off the third NMOS transistor when the driver is in an active mode;
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device that respectively turn on the PMOS device and the NMOS device; and
uncoupling the supply voltage node fromthe data node by, provi @7‘90942006
respective gate voltages to the PMOS device and to the NMOS device that
self reverse-bias the PMOS device and the NMOS device; wherein a voltage

provided to the gayfieRin &@@em&@%ﬁﬁlﬁ%ﬂ%ﬁgﬁﬁﬁ&pﬁ%ﬁm HOHRINg the

supply voltage node to the data node Is er than a voltage provided to
a gate of the PMOSv@liege sepplivteivelgvhdnghe deyer of inuhe srapdbymgodetaad tisagepdnd ‘vol t age

node fromthe dat 132. .A _net of . oper at | an [ntegrated circuit
that includes a ngf‘%sé&%{ﬁﬁhmﬁ#ﬁf/ﬁ%{t&%@}“é@ EESSHE AR UES Bt ed to a
first source/drain (S/D) of the NMOS device and an effective ground

vol tage node tdnnesmsshddofapbiatiaf adideerabd bikcnRNEnd8Yds GERMOREISicH afg S€coNd
S/'D of the PMOS device is connected to a second S/D of the NMOS device,

the method conpri SO RMOTedeyicena deip node eanapstedtormrsbsouees(draio (§AVWAthey ol t age
node to the data nagestiivi g‘?ﬁg‘, bV vol ta tQ,the PMOS
device and to the NMOS 8‘85?@%% t ?@s ggl%éll%%n@/%tgdrtr?ao rs?ﬁ@?fl\%% devi ce
and the NMOS devi dé&MOSnibvicenwherpin snggcdiieS/Bf dfabd PMODdSieds ¥alncagetgwde from

the data node by, 81 27/Q9/.20 vi.ding respective gate voltages to the
PMOS device and t St %ﬁﬁg@‘@&%@ pethod comysisiighe steps @VOS devi ce
and the NMOS device; wherein a voltage provided to the gate of the PMOS

device during the coifitghe suplipldifige hif Bkl Ngeyound vol tage node to -

the data node is |lower than"a” volTage provided to gate of the NMOS
device during the step of uncoupling the effective ground voltage node
fromthe data nod®OViEng reapeptivh gateypltagss tathe RYIQH devicegndtodbe NMQ@SIi t t hat

includes, a first  ;PNCE&, Lce. and a fi.r devi ce: at a _node
connected to a fi ?igt sogfr\ékjegtr“éelq%g‘frgpﬁ)thcsﬁomHK%"Wrag‘ﬁWP«&%"F&aa“ﬁid to a
first S/IDof the first NMOS; a second NMOS device with one S/ D connected

to a supply vol t ageconphieg thedupply holtapeabbefro®/tR: eapnegé By to a second S/ D of
the first PMOS device; a second PMOS device with one S/D connected to

effective ground node.and w t.h .
providing respective gate voltages to the PMOS device and to the NMOS

device that self revérse-bias the PMOS device and the NMOS device;

wherein a voltage provided to the gate of the NMOS device during the step of
coupling the supply voltage node to the data node is higher than a voltage
provided to a gate of the PMOS device during the step of uncoupling the
supply voltage node from the data node.

132. A method of operating an integrated circuit that includes 2 PMOS device and
an NMOS device; a data node connected to a first source/drain (S/D) of the
NMOS device and an effective ground voltage node connected to a first S/D

~ of the PMOS device; wherein a second S/D of the PMOS device is connected
to a second S/D of the NMOS device, the method comprising the steps of:

- coupling the effective ground voltage node to the data node by,

providing respective gate voltages to the PMOS device and to the NMOS
device that respectively turn on the PMOS device and the NMOS device; and

uncoupling the effective ground voltage node from the data node by,

%
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another S/ D connected to a second S/D of the first NMOS device; the nethod

conprising the steps of. transitioning the data node from | ogi cal7vsd p2iogh
by, providing respective gate voltages to the first PMOS device and to the
second NMOS device that respectively turn on the first PMOS device and the

second NMVOS devi corovidiy retbbdive @8RGl t(gﬁateepwf@*s $t NMXS
device and to the second PII\J/DS dgw ce that self reygggimtl asﬁ@ﬁMql rst NMOS

devi ce and second BRIES thabsaliveversgrbias thePMOB davingandithe 3MAS dedee;f r om | ogi ¢
hi gh-to-1 ow by, providing respectlve gate voltages to the first NMOS device

and to the second BM3 J6)it s v, on E}E‘?‘ firs (3)!;@
devi ce and the second PMOS %@\% ce edﬁ?oa\% |én%ﬁir1éé]§%f6$ﬁi é‘g\%ﬁsﬁ s to
the first PMOS devalmgdhetﬁfdchee geumhcbltalgh/ﬁ)&id@\th@&t& héde is Rver ilginay se- bi as
the first PMOS devi and s cond deV| ce 82 27/ 09/ 2006 wherein a

vol tage provided t8°ti& d&f’ atglf”rté3 Selring thpstemef ungeupling
| ow- to- hi gh tranSlthe@ﬁebtﬁve@r&ﬁﬁrvoqtggé‘?cﬂie\ffgrﬁﬂ&edaﬂlrlﬁ)\ﬁ' ded to a gate of the

first NMOS device during the high-to-lTow transition; and wherein a voltage
provided to the gate of the second PMOS device during the high-to-I|ow
transition i sldbwef methed of apsratingen mtegratdé dircwt thatgatledas a fine PMOS teviMOS

d he | 134. A h d
T ourt that i nol daie gt TR bl iy nba BonticiaTho £BR fssraren 8BS Gt a

circuit that

node connected to af the fisst PMOS @eatcdraai o 4 BHPS/D of tHeMRstMiN)s; PN gevi ce and
'to a first S/D of the first NMOS; a second NMOS device with one S/D
connected to a su SAAvics JathenesS/Rregnpgotad to asupplyvolid® nodeaetwal to a

second S/ D of the Jfphhst e.wth one S/D
connected to effective Sgr oun gﬁ%%@%asﬁg)éﬁ@n&%%ﬁ@ %Vb‘f?nﬁé?c(‘—?ﬂgt 0 a
second S/ D of the PMOS8tdeNbEGitHone SO codirctor tdefective ground node and with

another S/D connected to a second S/D of the first NMOS device; the niethod

comprising the steps of:
transitioning the data node from logic low-to-high by,

providing respective gate voltages to the first PMOS device and to the second
NMOS device that respectively turn on the first PMOS device and the second
NMOS device,

providing respective gate voltages to the first NMOS device and to the second
PMOS device that self reverse-bias the first NMOS device and second PMOS

| device; and
transitioning the data node from logic high-to-low by,

providing respective gate voltages to the first NMOS device and to the second
PMOS device that respectively turn on the first NMOS device and the second
- PMOS device,

providing respective gate voltages to the first PMOS device and to the second
NMOS device that self reverse-bias the first PMOS device and second NMOS

device;
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conprising the steps of. producing a high logic state on the data node by

self reverse-biasing the first NMOS and second PMOS devi ces an@jmgi/m)d}@
the first PMOS and second NMOS devices; and producing a low | ogic state on
the data by self reverse-biasing the first PMOS and second NMOS devi ces

~and turning on t hewhérkita WVEE AO¢ide8 FPME ﬁ%ﬁ%ﬁ@@pﬁ@é%ﬁng% age

applied to a gate of the second NMOS device ode 1s”I'n a
hi gh 1ogic state ilowhiodhgh trafsitionas higherthan apgltage gravided tgatgateff then@rst f i r st
NMOS devi ce when tﬁﬁ(%.a@a.no e iﬁbei n.alowlogic state; and wherein a

vol tage applied to & gar® Griufing thedughste- BPPc@dhen the data node is
inalowlogic state is lower than a voltage applied to a gate of the first

PMOS devi ce when twigrelaaaohageprovidedtodthd p4lb of 0@is6cont PMOS Udce dudiRithed of

operating an int e%ﬁ{’ed circuit including, a circuit that includes a first
PMOS device and a torlopgransigien iclewer then ayoltege previded foiargats of thefirsy

operable to sw tC@mgsmﬁﬂ%gw{l{%%ﬁ{”ih?%%ﬁ%HMi ch the 83 27/09/2006 first

PMOS device is turned on a device is turned off and a
second state in which the first PMOS device is turned off and the first

NMOS  devi ce 134. t iy method of operstémandnidfafdoénciiit ¢hanirciudas, drfakt PMOSHReiced to a
supply voltage ter ource connected to a source of the

first PMOS devi ceﬁ“%%%“@ggﬁ%%%%sf%m@éwwdéoarﬁ&r’tﬁoer&fsm@é% P o an

effective ground bem@imaPMORdevivt IndtoSPRISCEHTLAMRERLLRMGSS fomide of (he
Y,

first NMOS device, the nethod conprising: alternative sw tching the

circuit to the fi NMOSdaviee withpneSikiconpedad &  sipphgedtagbnaodeandrwitf f  t he
first NMOS device Seca PMOS devyji.Ce.i,n | £ reversed biased
condi tion while p?%@l? %TS% 08%’?68{1635? ?5‘§°é’§gtéﬁgf’f{h§r‘ﬁs@ﬁ/[{}ﬁémﬂ°?;ﬂ 56 devi ce
and the second NMI®SI@wicesrith one S/D connected to effective ground node and with

another S/D connected to a second S/D of the first NMOS device; the method

comprising the steps of; -

producing a high logic state on the data node by self reverse-biasing the first
NMOS and second PMOS devices and turning on the first PMOS and second
NMOS devices; and

producing a low logic state on the data by self reverse-biasing the first PMOS
and second NMOS devices and turning on the first NMOS and second PMOS

devices;

wherein a voltage applied to a gate of the second NMOS device when the data
node is in a high logic state is higher than a voltage applied to a gate of the

- first NMOS device when the data node is in a low logic state; and

wherein a voltage applied to a gate of the second PMOS device when the data
~ node is in a low logic state is lower than a voltage applied to a gate of the first

PMOS device when the data node is in a high logic state.
135. A method of operating an integrated circuit including,

- acircuit that includes a first PMOS device and a first NMOS device, the

' ‘multi-state circuit being operable to switch between a first state in which the
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switching the circuit to the second state by providing gate voltages that
turn off the first PMOS device and the second NMOS device in azsie/l(jg/ 006
reversed biased condition while providing gate voltages that turn on t2he
first NMOS device and the second PMOS device; wherein a voltage provided

to a gate of the Sﬁg@pmdﬂ\@@i&qﬁﬁﬁdr%&;ﬂ%hggw& ﬁ&ﬁc‘%%nﬁ}h&i‘gﬁ‘gﬁﬁs‘?” a

vol tage provided to a gate of t vice in e secon at e;
and wherein a vol t segendtae indwlich theafigaPRQH devive isanoxddPidShd fivst MOS8 t he
second state is I(gwer .1 an .a vol tage provided to a gate of the first PMOS
device in the firSt SR8, The integrated circuit of claim 106,
wherein the first output switch includes a control term nal coupled to one
of the first data soolt] NMDS dsviceonihg dfiidd sorheéted toldspplkRltapfd Rehked
circuit of claim 106, 84 27/09/2006 a second output sw tch, which

i ncl udes a second HAIEHEE surGeRoRNeCRIPaFoysp af thedirstBMMOBdevicetaot circuit to

sel ectably discharge a precharge voltage in response to a stored data

T o g hE oo h7a Rhardd MO Rlic3heh I3 Bhnddlf 336 i B i dS®

The integrated circuit of arm erern irs
i ncl udes a cont r oland evith asmurcecopheettdito acoerce bf the HiestINNVIOS ddaica, thedetidd t he
second data node; and .further including: a second output switch, which

i ncl udes a second “G"8EHAFge path coupled separate fromthe latch circuit
to sel ectably discharge a precharge voltage in response to a stored data
val ue of the othenritghativagy,first data node or the second data node; wherein
the second output switch includes a control term nal coupled to the other

of the first data node and the second data node. 139. The integrated
circuit of clai m $v#ching thesirepinta thefing state byawronidinggateseltagentbatdturoff

including a first th%/ ﬁ?stwse(geﬁc% aﬁlﬁ?hess% ﬂ]delgl?)tSadevice in a self reversed biased

condition while providing gate voltages that turn on the first PMOS device and
the second NMOS device;

~ switching the circuit to the second state by providing gate voltages that tumn
off the first PMOS device and the second NMOS device in a self reversed
biased condition while providing gate voltages that turn on the first NMOS

device and the second PMOS device;

wherein a voltage provided to a gate of the second NMOS device in the first
state is higher than a voltage provided to a gate of the first NMOS device in

the second state; and

wherein a voltage provided to a gate of the second PMOS device in the second
state is lower than a voltage provided to a gate of the first PMOS device in the-
first state.

136. The integrated circuit of claim 106,

wherein the first output switch includes a control terminal coupled to one of

the first data node and the second data node.

137. The integrated circuit of claim 106,
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node and to the gate of the first PMOS transistor and to the gate of the

first NMOS transistor and including a second S/D coupled to thesas®pdoge
data access node and including a gate coupled to the first access control
node. 140. The integrated circuit of claim 112 further including: a second

out put switch incl ddedb@d outbut Hitch, %ﬁdﬁ%clﬁ&eﬁ'l%ie&ﬁﬁrﬁscﬁarfﬁ? kiéth%ﬁ?%%(?m

transistor; and a second discharge path; whereln thet

transi stor has a f Fepgratsfipmdbelstabcincyit thesletbbyndischdrgechmegrrgeaboltagenigt has a
second S/ D coupl ed i /D, of .the fourth tput ., trapsistor and has
a gate coupled to {%QO@F frtldeé g% eﬁt‘ﬁga ‘faihf’es(ﬁﬂﬁf‘a? errﬂfgl!ée Eqst ‘E%%no‘g’élfébf‘cﬁea%ﬂda

node; and 85 27/ 09d48@6de.wherein the fourth output transistor has a second

source/drain coupled to the first data access node and has a gate coupl ed
141. The integrated circuit of claim 112

toathird acgﬁs ﬁgnxrol %i)_de.,
further inclulthg: 19° Qieemied drpiof claimd@bst or including a first S/ D coupl ed

to the second data node and to the gate of the first PMOS transistor and

to the gate of thewhirkmithe MG UthaEANTICE iR ' ' /
coupled to the second data acctiéss ngge a%%ggﬁ?ﬁ‘ﬂ?%{éﬂ%dlgg‘ipg&g@%ﬁ?&g to the
first access cont rtb¢ firsbdata ngdelandithe swond datanpd; andfiirter inehidisg ng, a third
output transistor; a fourth output transistor; and a second discharge

pat h; wherein the thi transi,stor -has a first. S/D coupl to the

second discharge ap%%&aﬁ@ﬁg@tgl’gg?%ﬁcéﬁﬁ%ﬁﬁ? @sql@rgga?ngup D of the

fourth output tr aomdratt onathe Idlaﬁciaaﬂ&beeleaamyaf&cﬁaﬁg% QEre?%zﬂ évé;l{atgkﬂ? first
our

data node or the second data node; and wherein the ut pu
transi stor has a SEPBHE teagored datavalueoftbe ether of thhfirst atasiodelat the agoeds node

and has a gate coypledqt.0 a third access control node. :

wherein the second output switch includes a control terminal coupled to the

other of the first data node and the second data node.
139, The integrated circuit of claim 106 further including:

a second access transistor including a first S/D coupled to the second data
node and to the gate of the first PMOS transistor and to the gate of the first
NMOS transistor and including a second S/D coupled to the second data

access node and including a gate coupled to the first access control node.
140, The integrated circuit of claim 112 further including;
~ a second output switch including,
a third output transistor;
-a fourth output transistor; and
a.second discharge path;

wherein the third output transistor has a first S/D coupled to the second
discharge path and has a second S/D coupled to a first $/D of the fourth output
transistor and has a gate coupled to the other of the first data node or the |

second data node; and
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142. An integrated circuit storage cell conprising: a wite word line; a
bit line; a bit line-bar; a read word line; a latch circuit inclzﬁi@g{z@@6
27/ 09/ 2006 a first inverter including a first PMOS transistor and a first
NMOS transistor with a first data node conprising interconnected
sour ce/ dr ai ns - ( S/ D) whéretrhthe fouirthtutpolEenaaer Meé&nﬁ@éﬁé&dﬁﬁﬁ%&pﬁ%’%

ransi st or

i nverter including ﬁ’{fg cond PMOS transistor and a secon
with a second data atR A¢H6PS 1ds gnd Reser gase pauplasido e dhird evedssaiontol rfodkD)  of

t he second PMOS and NMOS transistors; wherein the gates of the first PMOS

and first NMOSI41 ansheinhpeatd GrebR WP LB b , nd data node; wherein
the gates of the second PMOS ar?d secogﬁlm %%ﬁféﬁalsntg()rs are coupled to

the first data node; a first access transistor including a first S/D
coupl ed to the fir stsSegendacaesddransisfor inolutting aofirsteS/Df coupled 3@ e REcIIN G

transistor and to t h e t.ransi stor and including a
second S/ D coupl ed l{tbgetgﬁ%%éﬁé gﬁﬁgf%&ﬁgﬂ)ﬁgggﬁﬁﬁg‘”%‘Wﬂlt]&ﬁ%%ofﬂ‘léﬁm; a
second access trandNMO8 transietor dhdhcRidfrig sSdecsdl/B0MR ond data
node and to the gate of the first Pl\/mg{ransi st or ah%gg% htgﬁ%&glg?ig&of t he

first NVOS transi SFSFS 50fe and dnclrlinga gate soepled ®/the fivtipéeess dontrbhsoddl ahar and
including a gate coupled to the WAL; a first output switch, which includes,

a first output trapsksh@outrdt SEEHN {put transistor; and a discharge
pat h; wherein the first ompgut traﬂ%@@%‘g’r has a first S/D coupled to the

~di scharge path

a third output transistor;
a fourth output transistor; and
‘a second discharge path;

wherein the third output transistor has a first S/D coupled to the second
~ discharge path and has a second S/D coupled to a first $/D .of the fourth output
transistor and has a gate coupled to the other of the first data node or the

- second data node; and

wherein the fourth output transistor has a second source/drain coupled to the

first data access node and has a gate coupled to a third access control node.
142.  An integrated circuit storage cell comprising:
a write word line;
a bit line;
a bit line-bar;
a reéd word line;

a latch circuit including,
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and has a second S/D coupled to a first S/D of the second output transistor
and has a gate coupled to one of the first data node or the seggyhdabaoe
node; and wherein the second output transistor has a second source/drain
coupled to the BL-bar and has a gate coupled to the RAL. 87 27/09/ 2006

143. An integrated efirstinivertedngindiag adirst®MGS nsiétbCatidta fBCUNB Gansiedl T St
inverter including a.fi PMOS transistor and a first NMOS transi stor

r.st
with a first data n® aé%ﬁﬁ?ﬁaﬁoﬁﬁwmrww@wtmw@msf&msrm of the

first PMOS and NMOSirkt BIBISSInG NIVIOR > .inverter including a second PMOS
transi stor and a second NMOS transt?agltglg@gsﬂvith a second data node conpri sing

interconnected source/drains (S/D) of the second PMOS and NMOS
transi stors; wher eidfeeensl iguartes Instuditgs $ecomd PMKISSranttdriand b sOOVRBNMORJSi st or s

are coupled to th data node: wherein the gates of the second PMOS
and second NMOS tr grr?gllggttg g(ré‘élglaq’ %ecorécg%é? %%‘fetcantpﬂélﬂgilﬁ%ﬁﬁcowgdﬁ@er@sﬂdwm r st

data access node; #SApofit dadnd RMOSSHd NMES trafflsibAPut swi tch including,
first access nmeans for communi cating data fromtfﬁe first data access node

to the first data node; and first read nmeans responsive to a first read
control signal and"§eq thggates of the frePMQS pnd Srst NDEGS omasistbrstanecdupleditto dat a

node or the secondﬂfé%ampqggaﬁo%. di scharging a precharge voltage through a
di scharge path separate fromthe latch circuit if the prescribed data node

is at a first voltage | evel and for not discharging the precharge voltage

if the prescribed wheraintbelgatesofithe second BRMIDS/ ald s2eend VRIS trdfiftord G
second access neans for

integrated circuit of  claim143 further including:
comuni cati ng dat acoflp{?%t?hﬁéété@f?d‘ ta access node to the second data

node.
a first access transistor including a first $/D coupled to the first data node and

to the gate of the second PMOS transistor and to the gate of the second NMOS
transistor and including a second S/D coupled to the BL and including a gate
coupled to the WWL;

a second access transistor including a first S/D coupled to the second data
node and to the gate of the first PMOS transistor and to the gate of the first
NMOS transistor and including a second S/D coupled to the BL-bar and
including a gate coupled to the WWL: |

a first output switch, which includes,
- afirst output transistor;
~ asecond output transistor; and
a discharge path;

wherein the first output transistor has a first S/D coupled to the discharge path
and has a second S/D coupled to a first S/D of the second output transistor and

has a gate coupled to one of the first data node or the second data node; and

wherein the second output transistor has a second source/drain coupled to the
BL-bar and has a gate coupled to the RWL. o
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145. The integrated circuit of claim 143 further including: 88 27/09/2006
second read neans responsive to a second read control signal anQ7t/q)9/b@?6:
state of a prescribed other of the first data node or the second data node
for discharging a precharge voltage through a di scharge path separate from

the latch cirldiit Adintégeatpd esaiii doathriginger data node is at a first voltage
| evel and for not discharging a precharge voltage if the other prescribed

data node is at a a?llec nd voltage level. 146. The integrated circuit of
claim 143 further iMBCHGIAY SEBSd access neans for cormunicating data
fromthe second data access node to the second data node; and second read

Teans esponsi ve t a e iR PUCY BBl U1 O OIS RliR S Of 2
al a node

prescribed other of the first data node or the second

di scharging a prec P‘i‘ﬁﬂ’g@ﬁl‘&bﬂﬁt@g@dﬁﬁtdﬁmghgéntehicsmtmtegeomé/ﬂrﬁmsrm;t(ﬁftﬁé om t he
latch circuit if t ] er .data node is at a first voltage |evel
and for not di schgifsé%/géga%‘?ggﬁ%g&m\‘ﬁg‘?rﬁ’age 'if the other prescribed data
node is at a second voltage level. 147. The integrated circuit of claim

143, wherein the fasson®Piierttriadaingarsend AVIOS ftiahsitoPNVS, (LaNBURIGY are

high threshold vo| ta?e transistors; and wherein the second P transi stor
and the second N SISETSTIER Becanddata gede qommsisinglinteraohnentrel sonmakiranor s.

148. The i ntegr at eg/Bi s£8k keddhd B kn the first PMOS transistor
and the first Nl\/ms@tr%msi st%r %?}éﬁ%. g q%%%@fsgor@’ol tage transistors;

wherein the second PMOXS transistor and the second NMOS transistor are high
threshol d vol t age Wherigithe gates ofdheifisshPME Srarid RrsENMEIS triRRtdrO hrelcb@fed & OF 1 S

a low threshold vqgltage transistor. 149. The integrated circuit of claim
143 further incl ugilén%]&ogédaatam <

wherein the gates of the second PMOS and second NMOS transistors are
coupled to the first data hode;

a first data access node;
a second data access node;
an input switch including,

first access means for communicating data from the first data access node to

the first data node; and

first read means responsive to a first read control signal and to a logic state of

a prescribed one of the first data node or the second data node for discharging

a precharge voltage through a discharge path separate from the latch circuit if
the prescribed data node is at a first voltage leve! and for not discharging the

precharge voltage if the prescribed data node is at a second voltage level.
144.  The integrated circuit of claim 143 further including;

second access means for communicating data from the second data access

node to the second data node.
145.  The integrated circuit of claim 143 further including:
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27/ 09/ 2006 a bit line which includes the first data access node and the
second data access node. 150. The integrated circuit of claim H4g8/ayvhare
including: a first bit line which includes the first data access node; and
a second bit line that includes the second data access node. 151. The

integrated circuit seborel@idindH réspehsivh 3G REGHREDS 0! G

A a)d fHR to
only one of the first bit line or the second bit |ine. 1%152. An 1 ntéegrated

circuit conprising:Statgoty pregcriped athes efthe Gyt ylata aode or the sesondiidta neddior

| i ne-bar (BL-bar); ' r r ' )., a latch circuit
i ncluding, a first d?sr?ééelrt rallﬁncl %i%&%&ﬁf&%%ﬁ?B%bisgﬁ%?tegrﬁw%‘efi rst
NMOS transi stor  wilatbh eirduitrif thehadsaribaidehe @api iode idat aHrVoRBASET A 4nd for
source/ drai ns (S/D) oéi he. first. PMOS and NMOS transistors; a second

i nverter includi ng2gt é%@ﬂlmchﬂ%gql@gﬁﬂfthﬁgthar@@whgd fapogode isahsi st or
with a second datasaQsde veRi@RNEwINg i nterconnected source/drains (S/D) of
the second PMOS and NMOS transistors; wherein the gates of the first PMOS
and first NMOS transistors are coupled to the second data node; wherein
the gates of {fe sdbeidesmabeinouit febaimd 48MDEhdrimhedisg:or s are coupled to

the first data node; an input switch including, 90 27/09/2006 first access
means for conmuni cat.j r the BL.ta the first data _node; and first
read means respons?é\?le) %&gésﬁ? érag? ?%rgglﬂudlﬁ(faﬁl}g Q%‘iﬂ&m h‘ﬁﬁ%‘iﬂ“égata(?ﬁc?sﬁe RW.1
and to a logic statalead il sec@micfatiedeosd of the first data node or the

second read means responsive to a second read control signal and to a logic
state of a prescribed other of the first data node or the second data node for
discharging a precharge voltage through a discharge path separate from the
latch circuit if the prescribed other data node is at a first voltage level and for’
not discharging a precharge voltage “if the other prescribed data node is at a

second voltage level.
147.  The integrated circuit of claim 143,

- wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage transistors; and

wherein the second PMOS transistor and the second NMOS transistor are high

threshold voltage transistors.
148. ° The integrated circuit of claim 143,

wherein the first PMOS transistor and the first NMOS transistor are high
- threshold voltage transistors:

Wherein the second PMOS transistor and the second NMOS transistor are high

- threshold voltage transistors; and
~ wherein the access control transistor is a low threshold voltage transistor.
149, The integrated circuit of claim 143 further including;
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second data node for discharging a voltage froma prescribed one of the BL
or. the BL-bar through a discharge path that does not i nclude any; /09/2006
transistor of the latch circuit if the prescribed data node is at a first
voltage | evel and for not discharging a voltage fromthe prescribed one of

the BL or BL-bar i fabitkne whiel icludesit@ata dAR0RcdsS ndde fad evel .
153. The integrated ﬁi rcuit of claim 152 furt herni nec uzﬁﬁg@ggaég%%g&gﬁgcess

means for comuni cdPPfg data fromthe BL-bar to the second data node. 154.
The integrated circuit of claim 152 further including: as second read word

line (RAL2); 3gBd. sagendess@d ?Eﬂf‘o'*‘f sq MBor; a,.second read control :
signal on the RW.2 ande%ro ac ogl C ({sliﬁgfg}o aerpl) cé%dé?g‘bed other of the first
data node or the second data node for discharging a voltage froma
prescribed ot her of firsiditBinesvhilinchudes thb ficst glita acebssadif gl pat h that does

not include any transistor of the latch circuit if the prescribed other
data node is at a fi tage. and for not i scharging a voltage fromthe
prescri bed ot her BEE%:?’B%E{BEIQ? af e e%{}ﬁé?conﬂglé@@f’?%%ﬂo‘g‘ata node is at a
second voltage. 155. The integrated circuit of claim 152 further including:

as second readSor hd infegratEMidit of e d 50 GRARBng MBI ﬁ%}%ﬁﬁ' jng data
fromthe BL-bar to the second data node; and second éreérg ansbfrégtééponsi ve

to a second read corlltrol lﬂlgﬁal on the RW2 and to-a logic state of a
prescribed ot her oY AR ¢4thetirsybit hing ggthesecond ditdiseond data node for

di scharging a voltage froma prescribed other of the BL or BL- 91

27/ 09/ 2006 b2, t KWinedrAediif@RAbeH iR that does not include any
transi stor of the latch circuit i?ﬁ’tn"lergprescri bed other data node is at a

first voltage and for not discharging a voltage fromthe prescribed other
BL or BL-bar if tRevVierend lipe S¥¥lpbed data node is at a second vol tage. 92

a bit line (BL);

a bit line-bar (BL-bar);
 afirst read word line (RWL.I )

a latch circuit including,

a first inverter including a first PMOS transistor and a first NMOS transistor
with a first data node comprising interconnected source/drains (S/D) of the
first PMOS and NMOS transistors;

a second inverter including a second PMOS transistor and a second NMOS
 transistor with a second data node comprising interconnected source/drains
(3/D) of the second PMOS and NMOS transistors;

wherein the gates of the first PMOS and first NMOS transistors are coupled to

the second data node;

"Wherein the gates of the second PMOS and second NMOS transistors are
coupled to the first data node; ' |

an input switch including,
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153.

154.

155.

27/09/2006

first access means for communicating data from the BL to the first data node;

and

first read means responsive to a first read control signal provided on the
RWLI and to a logic state of a prescribed one of the first data node or the
second data node for discharging a voltage from a prescribed one of the BL or
the BL-bar through a discharge path that does not include any {ransistor of the
latch circuit if the prescribed data node is at a first voltage level and for not
discharging a voltage from the prescribed one of the BL or BL-bar if the

prescribed data node is at a second voltage level.
The integrated circuit of claim 152 further including:

second access means for communicating data from the BL-bar to the second

data node,
The integrated circuit of claim 152 further including:
as second read word line (RWLZ)_; and

second read means responsive to a second read control signal on the RWL2

~ and to a logic state of a prescribed other of the first data node or the second

data node for discharging a voltage from a prescribed other of the BL or BL-
bar through a discharge path that does not include any transistor of the latch

circuit if the prescribed other data node is at a first voltage and for not

 discharging a voltage from the prescribed other BL or BL-bar if the other

prescribed data node is at a second voltage,
The integrated circuit of claim 152 further including:

as second read word line (RWL2);

second access means for communicating data from the BL-bar to the second

data node; and

~ second read means responsive to a second read control signal on the RWL2 -
and to a logic state of a prescribed other of the first data node or the second

data node for discharging a voltage from a prescribed other of the BL or BL-
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27/09/2006

bar through a discharge path that does not include any transistor of the latch
circuit if the presctibed other data node is at a first voltage and for not

discharging a voltage from the prescribed other BL or BL-bar if the other

prescribed data node is at a second voltage.
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