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AND RELATED METHODS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to and the benefit of the filing date of

provi sional patent application Serial No. 601368,392 filed March 27, 2002.
BACKGROUND OF THE INVENTION 1. Field of the Invention [0002] The invention

rel at esghgsdshfegrated circuits, and nmore particul apkywsda@esont egrat ed
circuits used in information storage and retrieval. 2. Description of the

Rel ated Art [0O0 conductor industry has
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[0003]  For over three decades the semiconductor industry has been able to take advantage
of the technology scaling according to Moore’s Law. A continual increase in memory chip
density, and thus the on-chip memory capacity 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 Access Memory (SRAM), has been an important component of portable
devices since it consﬁmés less power and is generally faster than dynamic RAM (DRAM)
that requites periodic refresh operation to prevent loss of memory contents. Currently 16Mb
SRAMs and 256Mb DRAMs are available on the market.

~[0004]  For portable device applications that require SRAM, low standby current is highly -~
- “desirable so ;.:18 to extend the battery lifeﬁm'e.' Otherwise, rapid depletion of the battery PO.\}VB_F -
" ¢an limit the use of portable devices and also can inconvenience users of those devices by
requiring them to carry spare batieries, 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 better. Standby current has



WD 03/083872 PCT/ US03/ 09599 several conponents, and one of the nost
significant conponents is due to | eakage in nenory cells. As the desired
menory capacity for portable devices has grown, it is increasingly

i nportant to suppress the | eakage current. Unfortunately, the | eakage
current in prior menory circuits tended to increase for each generation of
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heavyévdin;q}éﬁ%g et ¥ EE&Mhsqg L standby node. [0009] Figure 1A is an

tive cir &)i agf

illustr curt amof a known integrated circuit data storage

cell -of the type referred to as an SRAM cell. This prior SRAM cell i ncl udes
Si x [W(Hhsi§t=d[2’§,1ﬂi%"i@dr%q/§®6r(%) for access (mb, nB) and four transistors
(mM, n2, nB8, md) for latching data with two cross-coupled inverters (m-nB

pai r [govd] N2 EawhtiBR{1) JuggdstsAna i indFelise in Vit can be used to reduce the leakage
current, and this approach is practiced reluctantly in VLST design despite a speed penalty. In
other 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 long as reduced leakage current transistors with increased Vit are not
in speed-critical paths. Ordinarily, transistors in speed-critical paths should have lower
threshold voltages in order to ensure rednced signal propagation delay leading to increased
circuit speed. However, lower threshold voltage can result in relatively heavy leakage

cuirents 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 trangistors 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
m1-m4 serve as storage circuitry. In this example, the storage circuitry operates by latching
data. Transis%ors m5 and mé serve as access iransistors for writing data to and reading data

from the storage circuitry. Suppose, for exarple, that the stored data is logic “1.” The data-
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m-ml serve as storage circuitry. In this exanple, the storage circuitry
operates by latching data. Transistors nb and nb serve as access
transistors for witing data to and reading data fromthe storage
circuitry. Suppose, for exanple, that the stored data is logic "1." The
data 2 WO 03/083872 PCT/ US03/ 09599 storing node X is set to high ("I) and

the ot hgp jg@k@nrstoring node X-bar is set to | ow (" @crwseshbesef ore,
transistors nL and md are turned on while transistors n2 and n8 are turned

of f. ., Access_t.ransi stols, are turned. o LL.yi ng wordline
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of t PRIOK| tafdistbVhIarddraas h%hﬂfresﬁéﬁh valde m@um h3 #A% fE5Q@aNB are coupl ed
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bar ates o
and thﬁéx@a%ﬁagNmn%qcﬁﬁgqug@&mwséﬁ@f%éﬁr%Moﬁénlt%éWQ%w 3data node X. A
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coupled to the first data node X and to the gate of the second PMOS
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a Se&&rﬁség RicQiinied s&ece@drm(%ﬁn)d@%he s&%ﬁ@moamlﬂr n@Neld Nighgides a gate
coupl ed a first access control node C 1. A second |ow threshold voltage

acce®d tr@lrse@m ﬁf‘ogatqsﬁf the fiest RO transistor a1l anfl frstBYISSmeigonmdagecond data node
X‘ baéouﬂl@&itottﬁe dehhaQata Bo X Bﬁe Tflé éa?és oPME@ecoﬁd’ ek %Ia&‘istdi‘hzaaﬂﬁi #e0 the gate of

first NMOS transi stor I ncl udes a second coupled to a second

dat asea@éé*ﬁ\éoﬂ Gasisiy md§E qomiﬁlidé@ fgstgatr@odectiph et oy threéif@lfb nd access control
nOdevo(ﬁggc JchQéL&QnszstoHﬂ‘S 'iﬂEde% ikt iseD Q&J;Ieattd QP firsf 2 HEEKRLE 10 dirEN W i's hi gh,

on BL can t o node urning on access transistor nb,
and MG qffﬁlz.g: sgeoing PMQ&;:,ranﬂamgnZ g toythe Bite Qéthe second NMOS transistor m4

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/ID coupled to the sacond 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 coupied to a second 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 mS, 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-
md pairs enable stable storage of data “1” at node X even afier the access transistors m5 and
mé 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 loﬁc “1” on BL-bar when access transistors
m5 znd mé are turned on by a high WL signal.

[6012] 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 Iow, then the voltage on



can be fed to node X-bar by turning on access transistor n6. The | atching
by m-nm8 and n2- m} pairs enable stable storage of data "1" at node X even
after the access transistors nb and nb are turned off with | ow voltage on
WL |ine. Conversely, data "0" can be witten to node X by providing |ogic
"0" on BL while providing logic "1" on BL-bar when access transistors nb

and n6 @p@dssssned on by a high W. signal. [0012] Coevyakesbys during a read
operation, both BL and BL-bar are pre-charged to a high voltage |evel,
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X-bar and generate an qutput signal hi gh when the stored data is

) e.qg.. hi
hi ghBtSrh‘ﬂ‘bWW"cheda?ﬂﬁ)F‘é]éloﬁaWé{“hP%ﬂ‘FWﬂg[@@ﬁ W.Unf ortunately, there have
been reliability problems with this earlier SRAMcell. For instance, if nB

i's | g@AY] anUnfomitely, thefeHavettbn felifhiit OfbBleds Wath BfiOsafAtr SR ARITeflhe char ge
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Figure 1A is that the voltage of a. cell node can be influenced by bit |ine
vol t &gksd stiter iThep ehrepidgrkagsrep seplbiprelpbilitgrehipmsdy capsing sENeORat t he vol t ages

of Xgahdorkee bar are high and | ow respectively, and BL and BL-bar are
precharged at VDD. When WL is enabled, nb and n6 becone to turned on. Node

X at e junction of ml_ and is coupled to BL, .and nqQde X-bar at the
junc{qoifﬂ of oL Agblsm vt m%@?bggﬁws&“gﬂgﬁgﬁg“‘éﬁ ﬁ’t’éﬁﬁf_’?‘Bﬁ&ag% precharged to
VDD anitell Agde! cey®d inPeneedd@bitilisie Véhdeds@ubng a reddpkratibl Fovlabde | evel on BL- bar

can influence the voltage | evel at de X-bar., One approach to reducing the
i nf | & tﬂ&t%ﬂ%’és#&?e@@é—b@ﬁrﬂé@b@ﬁ%@%hw&vd@%@wﬂﬁ Yo increase the

| npegafreehardell af Wop. PR WEL is ch4bIdEAS kitliné B omERAGABE 6. foddBl 4| SO sl ows down
the junction of 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 mé6. 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 voltages (low Vi 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 Vi fo 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 a 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 {0 increase speed by reducing signal propagation delay but



the read speed. Thus, there is a tradeoff between circuit stability and
read speed. [0015] In addition, |eakage currents in standby nbde can cause
draining of the battery. Figure 2 is an illustrative drawing of an |-V
characteristics of a MOS transistor for two different threshold voltages
(low Vt and high Vt). As explained by equation (1), the higher the

t hr esholyg oypdskage, the lower the |eakage current (lmsusidwep®@gnitude. Thus,
design option "A" would use high Vt to | ower the | eakage current, but this
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pr opagatid-off. del ay driven by a MOS transistor is inversely proportional to
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reduc‘hgﬁS|gna@&%thgﬁgtﬁoﬁmgg? t ﬁo 031053872 PET/U803/09599 | eakage
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transi g A Leakage current
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suppreége? %u%heqﬁ W t hout performance degradation and reliability
i ssue¥e Bf°C PPRZETE"fWas been a need for an SRAM cel | that reduces
power consunptlon w t hout sacrificing high speed performance. [0017] There
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doubl ed ane chi r a given data
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appr O&)%ﬂi be redu(rzg?il lrlgeil%r!eaggg%é pro lct?on%'ietld. there%gfb -l a Reed for a memory

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

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. Figutres 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 parr BL and BL-
bar, Each array of Figures 1B-1D has a different known precharge circuitry configuration.
More particularly, Figures 1B-1D show a first cell, cell-1 in a first column column-1 and a
last cell, cell-n of a last column column-n of row m. Specifically, ceil-1 and cell-n include
respective input transistors m5 and m6 with gates coupled to WLm. Respective S/D
terminals of m5 and m6 input transistors of cell-1 are reépectively coupled to BL1 and BL1-
bar. Respective S/D terminals of m5 and m6 input iransistors are respectively coupled to

BLn and BLn-bar.



single menory cell. [0018] In addition, there has existed a need to reduce
power consunption due to precharging of bit lines for read operations and
to reduce chip area occupied by precharge circuitry. Figures 1B-1D are
illustrative circuit diagrans of showi ng the known cell of Figure IA
coupled in a typical SRAM array structure in which each array has mrows
(W)  aqnd wsregeizumms (BL and BL-bar) of cells. Each mxusmamesmcl udes a bit
line pair BL and BL- bar. Each array of Figures 1B-1D has a different known
precharqge ci.rculiry confiaurat.i h#@ﬁ i la¥the EAddr es 1B-1D show a
firswaggllﬁhgﬁthFM1 a§£$$#§@&%%ﬁﬁﬁn cé@ﬁ%ﬁﬁ%rgﬁg@% last cell, cell-n of a
| ast e GbiunRY, & pbtharyes frandstaravg. iBMOSpesistorsaei it iy mpé @t 2APE | - n i ncl ude

respective input.trapsistars. ' atesiaenplrd to Wm
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I es Pg&inbMeh¥ ndiion k@11 CinlBkdesaros -] rtechixge, colRaseuplétodirdbiter ni nal s of nb
and n6 I nput transistors are respectively coup Bhjmand BLn-bar. 5 WO
03/OBB€5§BF@#¢U§@BP@§B§Qm?Hﬁ%@?gﬁpﬁ%rlgf%mﬁﬁ%&%ﬁgm%%ﬁgt precharge circuitry
conf }, QUL 16 Sechdd W%L@mm@mm of each bit line, a precharge
transistor, e.g., P transistors npl-1, npl-2 npn-1 and npn-2, is placed
to set the bit line (BL) and hit .line. yal-hiagesrat a certain

| evel002(Hor mé@?&l‘\’i‘f?ﬂ@,ge ‘E‘T‘féltrﬁﬁ? aﬁmoﬁlﬁé liﬁr%g%g?%% rowm precharge,

coIt U{Hkg m%fpr&gy%ggqgv’ggﬂﬁ({ugﬁmpbn;mpm, men{1Biod jnpoL. el gates ¢fghese x arrlpl 3, t t he .
notation "npn i ndi cates, row echar O!Hﬂﬂi.m coupl ed to secon
bi t Fﬂﬁ@mﬁﬁﬁﬁmﬂ§F;m@WUWﬂém@ﬂYﬁ%dg%%g%Tuﬁﬁmgﬁgq%?ec aﬁbeicircuitry

conf hlg&{a?ge i hkisrs &k Sivags tdiBed @, kndBhe BL lines aahBL &k linB} arpermtinyaiiiies ar e
precharged to VDD t hrough nmpl-1, npl-2, npn-1 and npn-2. The gates of these
t r anplediarged togfme- coupl ed to a power supply level, e.g., Vss in this exanple,
and thus, the precharge transistors are always turned on, and the BL |ines
and Re2hjar higne Cehewsontindypaichyrge qreath sorfigtration supbr 1 H821] Fi gure 1C shows

a secon recharge circuitry confi leQRkcRrbd : hat of Figure 1B.
Howe Wighrs 1B- Hipwve %ﬁ?f“ﬁﬁ?nﬁgngﬁorbﬁﬁ“gﬁgﬂe%% it%h‘gé Jﬁaragelf:tﬁlgﬁltge transistors are
cont p@kbB& Bk precRirgehiatigieisaaMPREl  si gnal PPRE.

[0022]  Figure 1D shows a third precharge circuitry configuration in which each bit line
pair has a dedicated control signal, ¢.g., PPRE! for BL1 and BL1-bar and PPREn for BLa
and BLo-bar. These dedicated control 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. Morcover, cells in a given SRAM array can
be divided into groups, and different respective precharge signals can be used to 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 gach 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




[0022] Figure 1D shows a third precharge circuitry configuration in which
each bit line pair has a dedicated control signal, e.g., PPREI for BL1 and
BL1- bar and PPREn for BLn and BLn bar. These dedi cated control signals
permt selective precharging of bit pairs. Selective precharging can
reduce power consunption since current paths not involved in a read

oper at | wip o@bBsA0t unnecessarily precharged. Mreovacruwsado®i n a gi ven SRAM
array can be divided into groups, and different respective precharge

si gnaligmzsan g ap@eofiae lﬁ%ha@roreﬁ&@feh %éb%%ﬁ%& AP toﬁag‘spec“ ve groups

of cells. For_exanple, assunm ng that here are n an SRAM array,
and t H&tceo Ahsdeyise pichidesdirst aBIQS éféltPé/—{(%ﬁr@anﬁlé*aG apd segond NOStibn t he cel | s of

the app@g teaishs ﬂlﬁygtg&%e’%c@éﬁ%WGSEM}SE’?%M&WQUE“&% have a different

precharge control signal a prec ge crfcurtry configuration
such alet Haftl’stérﬁﬂrﬁ’(@wefth@eemdPri\&ﬁm;@smtprﬁmaaasgieseascmﬂataenbdeMr consunpti on,

there eﬁ@éf tﬁé‘ﬁr&t}ﬁfoﬂﬁﬁﬁ& ;eWes Lﬁrtﬁxhael;lasno 1%{ Ig{;e #]lﬁ? SGS%W@% arge-rel at ed

power consunptron an prechar ge &cui | ess chip area.
[ 0024 ratFister ysriss et foithismtriodn Ajpettion bieseomaedse/drSlVMMARNCRMUSE | NVENTI ON 6

L i M T A T

i ncl uplegioh bfssecm@ﬁu@wmmem tee@dPMOOfrmsiBPtandaRadoNdRiasd PMOS

Lo et S BhL h S e  oBB s o o5, 2
as a mml:tomlt bitaragendeandAn ogiphitiodd. Thb Stofapd Sdde RMDDjunkidASE & E@bndSer ves as a
third b| econd, N transi stor._serves as a fourth

.the
b e el e o BRI it S PP tratc! B Seehed NVEST - Nve
t r anstantistor. amdnt fiikdicosmly teadtEsain®s af mblh@atfalvﬁlﬁé HENVER pupRib st or serves as

a puII n cti.gn o sec source/drain of the second PMOS
transy Eﬁ%? gtﬁ%ﬂ‘ﬁﬁ?’wg%ag ‘5*8?&?&? g@“‘?"ﬂ@é@@%ﬁﬁ“ﬁm PEA%i st or serves
as a guitth ectlaois triagthéssiond bea ﬁdréti RgS/atie Wom@hAdiifeindfd dURDudht nddput node, a
stor age node and an out put node- The storage node is at a junction of a

seco our t.he % P tra si stor and secqnd source/drain
of t cor‘flg1 8&%%& ér}jaﬂrresnrwse T ‘s“"kﬁ‘af“ﬁgu?m? SEP s drc(’Jrlc‘é1 s ssion of an
in putvo{jm develztaagefiedcn. tThe dévivpuicludexdist NMOS and PMOS transistors and

second NMOS and PMOS transistors. A first source/drain of 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 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 fransistor
serves as a pull-up node. A junction of a second source/drain of the second PMOS transistor
and a first sovrce/drain of the second NMOS transistor serves as a pull-down nods. The
storage device also includes an input node, a storage node and an output node. The storage
nods is at a junction of a second sounrce/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 node fo a gate of the first NMOS transistor and to a gate of the second PMOS transistor.
Limiting circitry 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
transmission from the storage node to the data output node, of a data output signal indicating

the determined storage node voltage level.



to a gate of the first NMOS transistor and to a gate of the second PMOS
transistor. An output switch controls transm ssion of a stored data val ue
fromthe storage node to the output node. [0026] Anot her aspect of the
invention, for exanple, provides an integrated circuit nulti- voltage |evel
storage device. The device includes first NMOS and PMOS transi stors and
second Wddsoeasd PMOS transistors. A first source/ dreirrusefootshe first NMOS
transistor serves as a first bias node. A first source/drain of the second
PMOS nsi i IiAsropsdBicerMe@dtctit braghie first PMOS

tr an?ﬂgﬁor %%Q@eégﬁgég%gtht@ %}vr@%ho%?g)gﬂﬁso%e. §IA gat egrof t he segond NMOS

t r anselbwith sep@atv wsitcpstband wad p4th-bi as node. A junction of a second
source/drain of the first NMOS transistor and a first source/drain of the
firs ' f DMl ibte e @RIt sibrapdiRlitwithan of a second
sourioe(ﬁgigi M@?@?ﬁg&gg%gﬁgﬁﬁg?n ﬁ)tvrﬁansi st%r and a figr st source/drain of the
s ec o iprhpddPrechagesirstiy copigwalionas a pul | - down node. The storage device al so
i ncl udes an input node, a storage node and an out put node. The storage

node iso@t @and i FreRB6 RidSOltbeRbddibmichias thaithy andt  PMOS t r ansi st or
and éd%%ﬁon%nbtg%ﬁépgg%?gilﬁ lgf ?he secgnd NIV%S transistor. An input swtch
cont mpteds.r ansm ssion of a data input signal that can have any of nultiple
prescribed input signal voltage |levels fromthe input node to a gate of
the figgdl NS fdiBRt ShiGfes @thdvMtaegtiR infentdnenil be aupebelMIBoLy ansi st or .

Lim ting circui ta limts the stor ag node .vol t%ge géo fgln,_ng)rec?oscri bed storage
node thedpicages deiled desqrption oficrdadiments Ot faripvonton-anfl UFayel IFRsiee 1 o nal vol t age

| evelyq iMuieRitwi¥d t ch controls transm ssion fromthe storage node to the
data out put node, of a data output signal indicating the determ ned
storage node vol tage |e \ T4 US03/ 09599 10027] Anot her
aspect of the invertrer—pro VT aesS—af—t 1 tegrated circuit storage
cell with separate wite path and read path. [0028] Another aspect of the
i NVenga3on priRuidiesis aniliusitatige dtced degroof ¢ kpwwristggateetitcuiifiah an i nproved

precharge circuitry configuration. S[RQ@? hep-AFREGkeLf the invention

pr ovi’@ eF‘“ﬁlpﬂfg\?@@eéﬁrﬁéﬂwég%feasm%ﬁaPcw rg&an E.met hods. [%030] These and

ot henmfeatw camitangrand vaiht kges coll of Figuredddne HpisehiRAM peayappr eci at ed from
structure with three different precharge circuitry configurations.

[0032]  Figure 2 is an illustrative drawing of an I-¥ characteristics of a MOS transistor
for two different threshold voltages (fow 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 nvention.

[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.



the follow ng detail ed description of enbodinments of the invention and
through reference to the illustrative drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS , 10031] Figure IAis an illustrative circuit diagramof a known
integrated circuit data storage cell of the type generally referred to as
an SRAM cell. Figures 1B-1D are three illustrative circuit diagranms of the
known cell of Figure 1A in a typical SRAMarray structure with three

di ff er eqlo gpsgParge circuitry configurations. [003&%/ fshfaese 2 i S an
illustrative drawing of an |-V characteristics of a MOS transistor for two

different threshold.voltages .(Low Vt.a L oL M) 4ol BOR33Le i gure 3 is an

i |1 ub9P3Sht i JeBUEP }?&Pflluﬁtfail‘éﬁgcéﬁlgla %m%i;] g%?%%tggm}é@&r%aﬁst %gt% storage cell in
ac C of;, daacRnodiviin aaixfhi cibbdimed offiherimméntiof. t he i nvention. [0034] Figures 4A-4D
are illustrative circuit diagranms of third through fifth enbodi nents of

the | ntion: and FEjgures,. 4F- I i iags of precharge

Ci rct‘l’ﬁ%ﬁy CFO%'%'? gﬁrméfqu%ﬁaé%%nﬁlﬁ @F%r%% EFH'IEAY]%@%?? °i\6§m%ng’3‘?hgs 4A-4D in
accogidaias Figukds 5, Bidbadi ent s of the invention. 8 WO 03/083872

PCT/ US03/ 09599 [0035] Figure 5 is an illustrative circuit diagramof an
inte ed (&l i l; i GQla6a cWitih a si xth enbodi nent
of tﬁé@i& nvepﬁél{rgﬂistafggjg%]ﬁéﬁ?g@quret_)%gin.{stegz;%ﬁicﬁf?ust ra%e timng diagramused to
expl atordinhewitpeseagniiombodimenief the joveniioRs of Figures 5, 7, 11 and 12. [0037)
Figure 7 is an illustrative diagramof an integrated circuit data storage
cel | ohdk) AGRANEAN GG Mubthide &8VRR b RFRAABA: Die dive drouriehdti on. [ 0038]

Fi gu[re éA is an illustrative draw ng of conventional word |ine driver

ci r cearbe nygdwith éﬁhs‘f‘l’f&e&@éﬁmﬂﬁ“ﬁ’ﬁfG’\éﬁogmﬁﬂﬁPg%%mﬁs@?tlmv@f’t?(’@ui try of enbodiments
of the present invention. [0039] Figure 8B is an illustrative drawi ng of a
Vi It [4pdo] gr @igide SB gnalluaprild dalwihgofdhrhat growd sicod apmiliglitogheBiivefur i ng active and

st andby nodes of operation. [004 Figure 9A is a circuit diagramof a word
| i neOfﬁQW%gAEWGF Veiﬁ%ltsgggb rrgoad%%(gfloﬁfr?%%bne aspect of the invention.

[0040]  Figure 9A is a circuit diagram of a word line driver circuit in accordance with one

aspect of the invention.

[0041] Figure 9B is a signal diagram 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 bjas circuitry
of Figure 10A. ’

[0044] Figure 11 is an illustrative diagram of an integrated circuit data s_toralge cellin - ..

accordance with a eighth embodiment of the invention.

[0045] Figure 12 is an illustrative diagram of multi-state 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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT




[0041] Figure 9B is a signal diagramused to explain the operation of the
word line driver circuit of Figure 9A in active and standby nodes. [0042)
Figure 1 OA shows an alternative enbodi ment of only a bias circuitry
portion word line driver circuit in accordance with one aspect of the
invention. [0043) Figure 10B is a signal diagramused to explain the
operation of the bias circuitry of Figure 10A. [0044] Figure 11 is an
i1l ustrabloyss#hagram of an integrated circuit data,ghRARRecell in
accordance with a eighth enbodi nent of the invention. [0045) Figure 12 is
an il r at ' ircuilry. in accordance

. LOOT T s P o hbicP b el R0 At e bliigs ™, 720
i I I uspfrr@)tmfmee Gizhwpeed) Qpﬁra’amrmlhlt actievadde srem signifevplly fuppesst hat can be used with

ENBoD R e i M B BG4 Sugbo b0 “IHE B USSR 1 nvent! on
provi tes!Vicuely voltageg Tat Btlowing ¢as¢rtpt1w i basentealtb @xile hnytpeﬂamgsikrlle@er f or mance
(hig h 19&%‘1%% m%geeafgg Ege% daventa . q’ﬁe em 1meat6 of tﬁgﬁﬁﬂn nflag E(Jega ééﬁ, SUPPT €55

subth old € current in ate with a
r el at thy edmjext af\pa:@t@mappltziu@ns dn\}'):hesmq{qpin;meml ThAge desditjiohsQif bpewing description is

pres enabl ers the art to.nake and use the
i nven%&lﬁ%h&ngﬁrg Pen d%%l rri examqes‘t ﬁ)ém?uﬁ\]}leoﬁl[fl PRsP e bed in the context
of pagnthodimients williplreagdly ammsntamtﬂostelslellasd mﬂmurt,rmmtgsﬂenahﬁﬁ:@le@escri ptions of

speC| | i cations Vi \ar Lous nodi fications
to théée!r%erdé]? 1%91 &%ea rfled%o(ajﬁ %mq’\?mdlfnlen B%‘m %%b“aﬁ“i}lsa’g%%ﬁ%?m{l% ?fAose skilled in
t he atht S,plramﬂ ich;& ogﬁnmvnmlopr s, tind pesent(iwhnmmcﬂs veihended ety Hasitedppl i ed to ot her
enbo S vvlth arting .fr he spirit and scope

of tﬁggﬁ%g%(fﬁ?%ﬁ&ﬂ ﬁ%eacrccérg%n e‘lmnv At ecogflgte‘ﬁgﬂth tended to be linted
to trmmenlbftmhdrﬁqmmdSbimmﬁherbm is to be accorded the w dest scope consi stent
with the principles and features disclosed herein. [0048] Figure 3 is an

L1 usbéaf i Ve Hﬁ@bﬁﬂﬂéﬁ%@c’i&ﬂfdx%ﬂ wﬁg{@g&%@g& %&p&g&a tsofiab Bt O age cel |

100 in accordance with a first di ment e 1 nventron. The topol ogy
and o8 pAcsordaggssrithr4 fipt cgppodiment piiheinvaniien. dde topslosy agevesdll | 100 of Figure 3

i's |idpgadddAdt mOtnvtdiSe 8% 4té>r§g£e el of Figure 3 is like that of the earlier SRAM

cell of Figure 1A. Transistors shown in Figure 3 that correspond to transistors of Figure 14 -

are labeled with reference numerals that are identical to the reference numerals used in
Figure 1A and that arc 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 Vi) -
transistors. Second, the access transistors (m5°-m6’) of the novel storage cell 100 are
implemented as low threshold voltage (fow Vi) trénsistors. A transistor can beclassified as a

" high or low Vt transistor based upon its threshold vd]iage relative to the threshold voltages of -
other transistors in the same chip. The threshold voltage is determined by the combination of -
physical parameters of transistors such as substrate doping concentration, oxide thickness,
gate width, etc. The use of high Vit 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 V't 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



cell of Figure A Transistors shown in Figure 3 that correspond to
transistors of Figure 1A are |labeled with reference nunerals that are
identical to the reference nunerals used in Figure | A and that are prined.
Therefore, reference can be nade to the above description of the prior
SRAM cel | of Figure IA to understand the structure and operation of the new
data storage cell of Figure 3. [0049] There are inportant differences

bet weenyNgefdp¥el data storage cell 100 of Figure 3 @bsh %?e earlier SRAM
cell of Figure A First, the data latching transistors (q "-md') of the
novel ..dat torage.cell. . 100 are jnplemented as _high threshold voltage

(hi ghteE YRR E i ppEvidex 8??8?6’% cupppdlesacifiang iHF K ahe' - 6’ ) - of t he
nov el redictivnag erieakdesslsPitdar £ad dcopk @aent ed as | ow threshol d voltage (I ow Vt)
transistors. A transistor can be classified as a high or Iow VWVt transistor

b i h |tage.relative to the threshold volt f
ot nert 0 iy AR et LB s IR g O RG®) < et o mi med by

t he oeirBinaticoraet with hysbmiznbpdimantef te fvafioh.r Snkipstionsofsiech as substrate
The use of high W

dopi ncentratio oxi de i ckness e wdith _etc.

tr anrsllgps??o% gnc?oﬁ ¢ éﬂoé' 0281\7 rfve'g‘éff gggéi?f?%agcgn 8%?‘1%%?@5" ‘ﬂabm’f3 ARt t he storage

Ci r c ubtresyondBe gortionslofithe howthdat steeshid e elb 1 DREFig@RIGa Jeantibto 6ibvn iThe use of | ow

Vt tr@nsi rs int ew. SRAM cel |, 10 o, i.npl ement the access transistors
pr ormf'?%“ge g‘% g‘% Cogg?gn%ﬁggﬁmﬁﬁsloﬁ'ggﬁeda 4 é‘ﬁla”i“g‘gﬁfngfef‘% merplsdhat 15 the data
st or aggadapétal ol refsleommumeralk Qsedbh PigeR33IBT RatheldoSO pARAH699 Fi gure 3

advant ageousl y provides reduced | eakage current while sacrificing little if

any  $@eUCt it alaNioMek L RE &gﬁﬁes%ﬁgees‘é s, r&ﬁﬁa%‘ecc%%ﬁ sheed. [0050] Figure 4A
is an Illustrative & el t “diagram of an i ntegrated crTduit data st or age
cel | iziydes transigeromyamé’e Aivits agcessadrowitty enibmdiaimias trapfistore @5 andent i on.  Sone

por t ix@AS A dad bhse chQRA) R0n AR IQRBRALLOR7 Aa M?sx&#&%e%is‘{&s data storage cel |

200 of Figure 4S,§\care identical to corresponding ons of the novel data
st or &Jemde pnd Wi agsess [Thngisiors 18 -G @rstigh VirtenddhesrRdataccsgur e 4A t hat

COr I @2RARE hRmk LR 1 RhSistok. ?éﬂége%ﬁm%?edh%g%g%Yﬁeﬁgﬁéfg{%ﬁr ence nureral s

that are identical to the reference nunerals us e 3 and that are
doubVetgsistesdn the gfosad cirpBy shatien ase by thyyerite efcbss 20t yscttivdeBeadhr ee sections. A

St Or aQ6ss Gilnk GUkduta tﬁr@ﬁ%h' R hse bAGY Y88 skl e }591% Sccld ';:1'1 y A wite access
circuitry section includes transistors mb' and nmar  A’read access

ci rcfity section includes transistors nv and nB. Storage transistors
[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

Iatched at a high voltage level, node X-bar is Jatched at a low voltage level. Conversely,

when node X is latched at allow_vloltage level, node X-bar is latched at a high voltage level.

[0053)  The write circuitry section includes transistor m5”. Transistor m5” has one -
source/drain (S/D) terminal coupled to first aceess node A1” of bit line (BL). Transistor m5”
has another S/D termina}l coupled to a first data node at a Jjunction 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 transistor m6”. Transistor m6” has one
source/drain (S/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



m"-m" and wite access transistors nb"-n6" are high WVt transistors. Read
access transistors n7-nB are low Vt transistors. Leakage current is
reduced through the use of high WVt transistors in the storage circuitry
section and in the wite access circuitry section. Read access tine is
reduced through the use of low Vt transistors in the read access ci rcuitry
section. [0052] The storage circuitry section includes transistors m"-n4"

coupl edw@asssgwn to operate as a latch circuit justeshdpsshhe correspondi ng
transistors of Figure 3. Wen node X is latched at a hi gh vol tage | evel,

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

| at cREECHPIed 19 s6590d srriralfieds @4 @f the waitravord fing (W WL) wiichageyids ths hi gh vol t age

| ev ehyritd BRR3 bigrd Shatdohitds 16¢ famltintot WariRet @ | ncl udes transistor nb".
Transi stor nmb" has one source/drain (S/D) termnal coupled to first access

node "of .bit line . Transi stor nb" s angther S/D term nal coupled

to a{@h]st REPg 2y 5Heer, k%i‘ > f HIPTeES ¥ quref‘ffHEFﬁéP’gFB?’Ep Iepeniagty n8" and to the

gat esolafe Ibfre&?ef‘tﬁnlﬂsetm]: snd'BL"baBlicks B¥tched (B 1EE SbrRde B @GR, §REE coupled to a
trol

of write ine h provides a wite

Cont PpiG it siol Sepce tsp adet e BB WLORE b S eT g [ ooea] The
Wi t @i5Cidant”] The WK Wofilinal ngnzlfslmmglaﬁ%@&ﬁmmm r(ijlﬁés in Tr ansi Zt or mﬁ"f hgs
one sourc 1 (S term na upl ed. to second access node A2" o it
| i ne“BHF &fgﬂﬁé ““%CC(ﬁ’ga'rt}%Y@f’%f‘r"nr%"ls ided g thedtocugreTpdr fdnal coupled to a
s]§comd”d@dtaﬂncgdesatmﬂahm¢tmﬂnnmf mﬁdd@ﬂ&h@%ltﬁg&oﬁ%}lb@flv\% gg/ 03237; o the gates
of tran " st or "
PCT/ Ugﬁ%ﬁg’@@“@%\ é’?E‘g n%é‘H; 138 %5?683(?8% ‘iﬁ‘fi“ﬁoa:ér‘t’f?mplﬁf the wite word
| i nep;ewma oﬂM]tgkﬂVOMg@%véiQﬁ BLh&d lonbIta%e(Idi)Eltoh@Llﬁj' @n@h latdhig 0PNt rol s the

si st.or 100551 Du tion, a storage val ue

trg[)p]é@bﬁ& I%ap?tﬁllfj%moé%‘ﬁlsgﬁpl aé?)’éf ta e‘feﬂ@ﬂ& and BL-bar |ines

is | ﬁiﬁmbedfml‘l’taﬁdhiﬂé Ginverse fof bxaaiplel ﬁryiwsi&(léﬂaodﬁv viagevespeBifically, a wite

contraql. si ided o t |rrulta ously turns on
nG" Eﬁﬁhlgﬁ‘é’gl? }‘fﬁ\ﬂﬁﬁaﬁé’%ﬁmﬁs Qﬁcﬁgg ‘(%‘}' 2{’?" {E}ﬁeiatffﬁ Flaget ‘bfe second control
node’&nkistorsﬂﬂf‘rmﬂ’m?:’\ﬂiﬁhhlgﬁ Imgﬁla@uatmjuﬂch@mmﬂt &gﬁnﬂ’ﬂfﬁhngs provi ded to the
junctlono t.o the th m6" turned

18 S ip el e o P ocy B 803 R PO 8 ong and mav - and
to tM’émgatmeicdfstm and n8". For exanple, ‘

{0056])  The read circuitry section includes first and second ouiput transistors m7 and mg.

An S/D terminal of m7 is coupled to a third access node A3 of BL-bar line. Anbtﬁer 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 ﬁfovides a read. control éiglial that controls turn-on of m7.
Another S/D termminal of m8 is coupled to éffecﬁve ground potential. A gate of m8is coupled .

to first datd node X whichis ata voltage potential of the junction of transistors m1”’ and m3”.

[0057] Duﬁng aread bperaﬁonL a :.read.conh'ol signal providéd on RWL turns on m7.
Meanwh_lle a write control signal on WWL maintaing m5” and m6” in a turned off state.
Preparatory to the read operatlon BL-bar is precharged to a prescribed précharge level
(typically “high”, i.c., VDD). A control s1gna1 on read control line RWL turns on transistor
m7. Ifthe voltage level latched at node X is high, then m8 also turns on, and the precharge
voltage on BL-bar discharges to ground through 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 turn on, a pre-charge voltage on BL-bar does not discharge through m7 and

m8. Since m7 and m8 are low Vit devices, the discharging speed is more rapid than it would
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provi sion of a high voltage | evel on BL and | ow voltage | evel on BL-bar
causes latching of a high voltage |evel at the junction of transistors m"
and nB8" and a | ow voltage level at the junction of nR" and md".
Conversely, for exanple, provision of a |ow voltage |Ievel on BL and high
vol tage | evel on BL-bar causes latching of a | ow voltage |evel at the
junction of transistors m" and nB8" and a high voltage | evel at the

juncti ogoQbesia and md". During wite operation, ghRasheeentrol signal
provided on a read word Iine RAL maintains transistor n/ in a turned off
state._%OOSG%#lThe read cjrcui tré section includes first and second out put

t r an$f S ey Fenghish Y4 devgpes: Ahseagermpéficrichet (ot shapm) e dgapinaghedera third access

node oAt Bt bBURO@Echhrbéitind HRbNREerRinkhe VoRE R8I stdddd 20odk X. cOupl ed to one SID
term nal of nB. A gate of is coupled to it third control node C3 of RAL

whi ¢ ovides a,read control, . sigpal that controls turn-on, of inT Another
SID ?"8%?1 na‘g%ﬁfemﬁ%fﬁ%ﬂteﬁﬁ‘rréaf*tr&gﬂ%@ PRféa?e@Sashwgw ial. Agate of n8
I'S Coslfabesbpliddao 4 gAsdf nibatadson@tiag Xreahopehhtib® nade 3is Vsolatca@emmat enti al of the

junction Qf trapsistors nm." and nB8". [0Q5%7] During a read operation, a read
cont PBf° We‘g‘%m%&eﬁﬁswe‘? WPﬁh%ﬁoéh‘lmn%%Fﬁ&Pﬂefa@?ﬁ%i te control

Si gnaditagdiedt nodi X0is dufficiedho cottid 1B on hdd tdv-érasMed BRANKt ate. Preparatory to
the read. operation, BL-bar is .precharged to a prescribed precharge |evel
(typﬁpeaqcaagfﬁ’ et Tfteircyitripcou \?eﬂjmfgw eHreBrd %%“5&81?6 ‘Sharvekge &8t rol Tine RWL

t Ur Nsnd®R chipBiiSh'd tfdms il én adafogbRenav@)r to®Ie | evel | atched at node X is high,
then nB also turns on, and the precharge voltage on BL-bar discharges to
grou hr cess node.. A3.and .nv _and nB.. Th transistors nv and nB
Qo RIEh "5 8 B PG ERRRTie ) Boalh s TRuirt PHE o SRBBE 3T S Mot hen
N8 dfws theodad tiemitrypath. Horprenpdd) amgite opehiiagevobingBlirapsitiondmes: not di schar ge

thro } W devj ces, the di scharging
spee g?‘éowzn%?%glrtgg? ?@ﬁg%q?@yﬁ%ﬁ?%o%g}sgﬁ%ﬁ?ga t?%ﬁeiﬁg 7109599 be if they
wer ethiphgihen\ M@ trivsisor ofA vegndreycafmpt shdvmgr Caivesely, tfor(erotpls howt®) can det er mi ne
whet : - | tain the voltage

' cveteaiofile Shalia A fubilans Al N ARRRLELD L1 Lo

ci r cugsuits in displergsto€ s vadipghamBLapr an aodts diéchavgsipethgisoupph NOOS 0 'a gate of nB.

Al's i r { . 1S, 4 Il since nb" is
tur g%agg%{é#&g?ﬁﬁs@@%ﬁ%?g{@éj' ﬁlgmtnlg’e e°€§Lbbr§“éi'é§§Jﬁh§}eg§‘g‘i’I%§§%‘% a read operation.
The and 8letstarpd otibdptalis etanged desondingdo hebdliags level ot BL el ag urn- on and tun- of f

of nﬁplaﬂn&d é%\lfé hp@ontrast, a read operation involving a high voltage level on node X -

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.

f0060]  Omne benefit of this separation of write and read'djscharge paths is improved
circuit stability since voltage lé\}els on the BL and BL-ba:r 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 V1 devices. That is, read speed cdn be
enhanced through the use of lower Vt devices without incutrin g.unwanted circuit stability

problems.

[0061}]  Alternatively, read speed can be enhanced by uéing larger transistors, with larger
current carrying capability, to 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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appreciated that read circuitry could be simlarly inplenented using node
X-bar voltage |level and by coupling n¥ and nB in an anal ogous manner to
BL. [00591 The data storage cell circuitry 200 provides a wite circuitry
path that is separate fromthe read circuitry path. For exanple, a wite
operation involving a transition froma high voltage level to a | ow

vol tage | evel at node X results from di scharge of a voltage on BL through

an NMOSylyegmssstor of a wite driver (not shown). ﬂ}é%@%by, for exanpl e,
awite operat| on |nvoI Vi ng atransition froma high voltage level to a

| ow vol ta nod e vol t age on

BL- b xmpaoﬁrgcg dueFf‘o 1?3 Iarée cod e ance gue%g}ﬁrel ;tlllgd{’: %ff'é‘nﬁh:ﬂ"\@aﬁ aga%ngj% O r of a wite

dri veBL{nar@:hnh;dvamﬂa)ger&btahﬂxzugmﬂsn@ronﬂl_e«smgen@edhlsudﬂmaged by the driver, and
t he stored e data .S _chan ord to e level on BL and
BL- baPp%llsgy’t% uge%%gl\ygi(% 6bc§1F1 reattcé hegmraece ]Sdé"r"a ylgon i nvol ving a high
vol talg&edsai/chietmlngﬂazé.( results in a d| scharge of BL- bar on a read

di scharge path through nv and nB. Conversely, a read operation involving a
| ow v gﬂg i sehar. h nv and n8.
[0060@b%iule l%ﬁéﬁcglg%sttq%?‘g g%}seégdgﬁa@?%%ﬁ \)\ﬁﬁlﬁéémgﬁ] rege%%g&schar ge paths is
| npr oveessedsizedeinprat sised. iLypically.ode spstationgypeddasmids fohbyt wetinBldatand BL- bar do

not i.pf el @ﬁﬁlﬁ’gtoxjelraﬂg@% gova%t rs t&%ﬁﬂ{ptoggﬁﬂ chiaoq pPREl Aild ons.  Mor eover,

si nce |nst I ne vo evels is renoved, n¥ and nB can
be i n%h@ﬁmrrt@@athsa degpubloguirv tl@ewagestrcm”ﬁham and méteadstgpeandiavan be  enhanced

thr QUL DS Gy bR VoncE bGER, N Qbch BEMRELRG ipvARt ed ol roul ¢

st abi pro ternati read. spee e enhanced by
usi ngnﬂlwn@elfBLmaBéﬁsttogrﬂs stoyige bell aadt lyelrage @mmtent carrying capability, to
inplement n7 and nB. In a circuit topology like that of Figure 1A, for

exambgss) Si mEQnleapilRhtdhd frfosiiorsanth difrE BredR@lhoiidel cdn®e uic@ad and wite

operation at the sanme time, there is a trade-off between read speed and
st abithg $qrageyprais agess andyeadaicesps Sepionh & ORBramRle; I eRecesrbadinest, $4B% ear i er circuit

t opolRdYistork BAC tORBT AeiiBRehdidRbth i h@e@%&mﬁtagﬁﬂc@%ya&%§99 i mproved due

to its Iarg conductance, but there 1s a trade-0 in that the voltages on
BL oreurres pishlem cambeansiserions A dhese msstors hich i gapingd 0 BAREIG, t he st or age
node. higdhlbr SCDIBRIslokDE statt, SRR ©AYistods AS" heiBk@ QR iBplkmentd filompHeE or BL-bar |ine
to the storaﬁ;e cell is defi nlteldy

threshold voltages than read transistors m7 and m8, since write speed can be enhanced

through larger 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

me6™ 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 mi”-m4”. Circuitry that can -

be used to apply an LV 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 circuitry section with
transistors m1”-m4”, write access circuitry with transistors m5” and m6”, a first read access
circuijt section with output transistors m7, m$ 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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increased due to its larger size. [0062] In contrast, in the enbodi nent of
Figure 4A, nb" and nb" do not need to have increased size to inprove
speed. Typically, wite operation speed is made fast by witing data into
the cell using relatively big wite drivers to pull up or pull down BL or
BL-bar line. Since the read path is decoupled fromthe storage circuitry,
n/7 and nB transistors can have increased sizes wthout significant concern
about t{e hhRpst of such size increases upon the Jdfdshgnsns of BL or BL-bar
on the storage cell and | eakage current. [0063) In sone applications,

transi stors with dit&erent th[eshgld vol t ages .can be used in the storage,

wr i t "R BRSison are highad transisaess fuglepd grrand optgpt tensisiess w7 m&end firde rbodi ment |

st or age foukt atgit ShRisrs(oid, 0 a8%ow) varasiéepl emented with the highest threshold
vol tage since the | eakage current problem can be nost serious for these

transj rs i e.fequired.to Lot ai high or | ow voltage storage
st at Zbéstsmf i tg%?ﬁgﬁgﬁg?%ﬁ%tﬂ%eﬁgﬂlﬂwﬂ%& IF?%"&’“ %ff@ﬁég‘f‘aﬁ%d 90 Oﬁi gher threshold
vol t alyescond anbodilt dIFENSE $4 Grikat thé tiaddmbBlim&it bdiR2oM itceidsaged can be enhanced
through larger wite drivers (not sho rat her than through a | ower
t hr eSSECSPCL‘@?}%CFG&%S@?“C‘?H‘Gé‘,OUWBté?ﬂSISE%? ‘F’g’rﬁﬂ’)ﬁé ggﬁiﬁdméfl‘ﬁtﬂﬂnf‘]i(f"ﬁo’@ operation can
be id n‘@ﬁ@mmdb 11, RJWLEI,@Vlﬁdh&Bl?iO&Hﬁh&nMﬁdﬂsiEthﬂrlﬁﬁ Méth pira(:su@ﬂy, thd¢e@S holg vol t ages
as L . terpnatively, it is ssihle to 1 npl enent nb" an n6" as
o G il o o Sl ot Siiie s A B Rr e oo oR R0t o onsur &
adequadpd fust 43-in Pighiredfa, fifhougndfid reabin6l i5k aredbead 2 RiWLI: igached by iy
transisto m>-m". Crguitry that can e ysed to app an LVss turn-o
vol t r‘i@s‘ N U tﬁ%m?“é fﬁ@&%@f%@&%ﬂfﬂ& Rt W@%"é%ﬂﬂ%‘}{ to Figures 8A-8B
and RugistoessnDékd 9B 0and S gibiied oflidfis LoRled 100HAd k@i 4BorBLan il lustrative
drawi.ng of .a L ti:port i.ntegrated ¢circuit. dat torage_.cell 200-1 in
accorhaegr{%“é’thﬁ%w DfﬂlgéWS@F(ﬁ@ﬁFe%bt?rﬁg’a¥%Wﬁt ?‘c?ﬁt.eo ffonent s of the .
seconaipki tb 4 fithctostrd) acler@Enit READ| shidOftodmd 2 200 céhtof sidnbight s 4A- 4B that are
identical  .are el e i t.h identical reference.nunerals. The foll ow ng
descf?n%f’ﬂlsgurrln'g?ogtr% %ﬁ?ﬁ@%ﬁ%ﬁﬁgﬁ%ﬁ?&e UYL i es that are different
f r onpttentigle Adgseif khé @ chgredtih ecaddan dode T batitein it a vbiteze phidhital ofport i nt egr at ed
P

circyit or.age .cel PO-1 includes a storage circuitry section with
trangﬁei?%%é%ﬁﬁém t?gmmzfﬁéem%(:cess circuitry with transistors nb" and n6", a

first read access circuit section with output transistors n7, n8 and a
s ec 0 i#66] e a dlhg aeiteseperaiionent the sletags ansraiipr 9f thedhitdrmbodimamntsel208:ls nd, ml0. |n one

embogi IRRL 4B S AAR: S A LEARSHSIAES I 20 maRdaAd
Moreover, the read operation of the first access section transistors m7, m8 of Figure 4B is
just like that of the corresponding transistors m7, m8 of Figure 4A. However, the multi-port
integrated circuit data storage cell 200-1 of Figure 4B advantageousty permits multiple

simultaneous independent read accesses to-cell 200-1,

[0067] = More specifically, at the same time that cell 200-1 of Fignre 4B is being read via
BL-bar ﬂﬁough the operation of the first read access section output transistors m?,ﬁﬁls, 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
RWLI tums on m7. If, for example, the voltage level at node X is low, then m8 is off, and
BL-bar does not discharge to ground. While the example read access via the first read access
section 1s in progress, the second read control line RWL2 may provide a control signal that

turns on m9. Assuming that the voitage level latched at node X-bar is high, then m10 also
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WO 03/083872 PCT/ US03/09599 wite transistors are high Vt transistors.
First and second output transistors n7¥, nB and third and fourth output
transistors nmd, mlO are low Vt transistors. [0065] The cell 200-1 of the
third enbodi ment of Figure 4B differs fromthe cell 200 of the second
enbodi ment of Figure 4A in that the third enbodi nent cell 200-1 includes
the second read access section with output transistors nB, nml0 as well as
an addi {yip@f@hsst second) read control line, RAL2, whaRemeRsrols turn-on of
transi stor nmD. Mre particularly, the ceII 200-1 includes a first read
access secti Wth fi st a cond ou ut transistors n7, nB coupled

j ust MY Opﬁnégﬁafeéh%&m Egﬁls ayees tP§]E q’%@&]g}b@ﬁﬁsﬂﬂdeﬁﬁﬁﬁd is re-labeled as

RWLI pi9fand il @ Uries, &&msto&xagididt:mr@omﬁr&eam&rgslpmeaﬁloﬁthé 6ibttayd, sect i on includes
thlrgg&dfo rthot%g transi stors mL0. An SIDtermnaI of nDis
coup pBOV °f B "E‘!gg‘gt"ﬁ’éa%mgﬁ’hﬁ*thﬂ_omﬁ 15! onpode Rt igy D ter mi nal of nd

is ce:uaﬂl@\daltbgelaeﬁ)n%& Kejafts ), theh mitd-Goes Aot Gtk 6, @hd 47fe- bﬁargecoum ed to a fourth
contr 2, which provides a read control Si gnal that

cont ¥ “%e ?“fhelnd%ﬁn%ﬂls%gef&ﬁ%‘ﬁh@rg@@‘q eiee bl qarelopsVicoupl ed to ef fective

gr oundiced) e @R tHarding sﬁeeeastr@)r@ifapﬁmnlnswoﬁmghf%yweﬁﬂ@m%q@ésa node X-bar that
is at a voltage potenti al the junction of transistors nR" and mi".

[ 0068JrseriRRPliffFr crenipn@ptshevyn %%Ilrﬂif%'ée whethenefaobBle gt qr Bh-bsf havkie t hird

enbogsdiRpéd € HereBPRoektaindhe Vol gen&erd Bodl & nbikg 35AEx 85, t hose of the second
enbodi rrent ceII 200 of Figure 4A. Moreover, the read operation of the

firs Lon ranS| tors re 4B i ust |ike that of
t he @8 (S §?W%%§W%Op%ﬁnt?ﬁatﬁf%rﬁ‘r“ggﬁaﬁm%\ﬁﬂ " the multi port
i nt e@inat:@diamemmlatfonﬂiateﬁb@dnﬁémgﬂh@ﬁbdnuaﬂQbhp@xﬁenﬁlogmé eecédd anglvant ageousl y

per i 0 i nd ac o cell 200-1.
[002}7@%@3{%&% dI[QI%HQO%I 'g{"ffés‘gﬁ?fgﬁ?%hﬁé %ﬁtlm@é{el ebfb‘ 1 of Figure 4B
IS beitinigentiea ckfarerge tharmrmb lfmm@g dtsh@mpeftaé foafth efbotifaenf i r St read access
sectjon_out ransi | .. 200- | SO n _be read

i ndeff)“éur‘?e SR aﬁ“ e\?tﬂ:'a ﬁﬁdﬁ%e%tﬁfb tP?fS d%s beg\tf"lr & 58‘?0“?1?@’%&38??&‘% ead access

s ectimportantiiffertnct bawmesn shieaeld 2000ynd pdil 200- Zarta@laemmroyoﬁlpoﬁeméttreead operation, BL

0 0 i B9 S PR, 7 0

" hi te con s nb" and n6" in
a t ummbedimeitfcels2t2advbmtageysly edluces cdiaees. cycl es. During a read operation via
the first read access section, a read control signal provided on RW1

tur "Boedr’ niihe wsk of £ sﬁz{g1eeae@e;rp&ﬁsm5nﬁs»\mlhg 29L20b 8V thedufiode X i's low, then 8
is o . and
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 WWTL litie that turns on access transistor m5”. - With m5” turned on,
the voltage on BL is provided to the junction of m1” an(i m3”, and to the gates of m2” and
m4”. For example, proxrision of a high voltagé level on BL causes latching of a high voltage
level at the junciion of tr_miSistors m1” and m3” and a low voltage level at the junction of m2”
and m4”, Basically, the high level #oltage éppﬁéd td node X causes m2” to furn ‘r(')ff and -
canses m4” to turn on, which results in node X-bar being pulled down to a low voltags 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
lIow voltage level on BL causes latching of a low voltage level at the junction of transistors
ml” and m3” and 2 high voltage level at the junction of m2” and m4”. In essence, the low
level voltage applied to node X causes m2” to turn on and causes m4” to tmm 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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BL- bar does not discharge to ground. Wile the exanple read access via the
first read access section is in progress, the second read control |ine
RW.2 may provide a control signal that turns on nB. Assum ng that the

vol tage | evel latched at node X-bar is high, then nl0 also 15 WD 03/083872
PCT/ US03/ 09599 turns on, and the precharge voltage on BL discharges to
ground t hrough access node A4 and nD and nml0. Thus, transistors nD and mlO

conpri sgodsmhsgeharge path. If on the other hand, MhZipapayi des a control
si gnal that turns on nm® when the voltage | evel on node X is high the and

vol t . evec':ausi%? 3’0‘%% %{? cagse q‘jhmgc gcaefodﬂﬁtlgl%ﬁeljr n on, and. a

pre- c e an |sc drge throu and m 10. Since nB
and rmﬂedafomlta)a/\toweveu@nnmwnib bmrailosmaadgmmt@l spmbumﬂ@dmaeead apid than it

woul d be..if t deV| [ S ns [ ircuitry (not
show§™ lﬁﬁ%ﬁ?@%‘#ﬁ“@ F’F\%’yl Wi %Eta ]%VEKR )’tﬁ%?/egl di scharged and
t her elog-2 asEigniealiQuptiaies wobdrrgeay hmehcsopetatwrd@ ca]ﬁ 20®ehce’§igxra4m X-bar. [0068]
Figure 4C is an illustrative drawing of an integrated circuit data storage

Ce' ! C;&P/B . igﬁ{ 61&9%9@1@%& %ﬁi@%ﬂ%ﬁh &gmnegiatg@a;c Phat} fGadenvent i on.

nen ‘he 8&ton % 200 and 200-2 of
F| gurceli;?.OMS iamctodiGhde vath a difth ernbtalimhdnt o ﬂlfan‘@nlltabélogdonenw QithP Hedtical reference

nunera&ﬁﬁl{%mrt[%dlg%exé 8&@%@%@6“&“ sgff&-tlghﬁatm% %ittﬂc]ﬁleﬂpﬂ Eent  focuses on

feat (r'es rom-t hose descri be or the second enbodi nent.
An  iwithadenticat refbidbfemencs. Bkt fnbering drscriptipn of2ixdiflysthbedstnnt ZBseP i s t he

Presen ?e%tu?gs th%p‘Jaerg % rét(ﬁomt tﬁc%e d%’éﬁﬁeg f(ﬁ%%ﬁéveteﬁlﬁﬂh%%ﬁﬁsp e fiicel I 200-2. The

use O access transistor 1nt ourt enbodi nent cell
200- :poxadalbafﬂ?e&leqﬂstmm@dm@é@lmed*ccgsse@tml[smbﬂbalofrﬂhethuée of a single access

tsgﬁg\s;\a}'j{la‘%ﬂé x??’mltf- rttcgl?il&)ell clf Qe gB g'fd trra.rﬁié{o; Qnt'e acc@smeﬂw e nt mekes for a

t wite op atlonthan of the cell 200 of the second
enbodéaiemtike I8pfewitf dnbadimgnt cell 200t Fimwe 4@ Bsaved pidorritc epestiion elge val ue

r pr QR MR nD¥medt 081 20@'3%&93 Ap&nﬁéﬁlate&) ﬂoﬁl% cﬁ'cuslﬂblpﬁ)o{res ’I|h§§ ghed into the

storage circuitry sect . control signal IS provided on the WAL

| i ne ntftaport agh A60- bfﬁa@@é@é@ei gelmesh gndyrsorpBemits yyad pecpss to'via on, the voltage

on Bly, mﬁlﬁL éow ded to the junction of nl" and nB", and to the gates of ng"
or exanple, provision of a high voltage |evel on BL causes

Iatch| ng of _a _high voltage |evel nction of transistors m" and
ng" AT | B b%]ﬂbg@éprﬁfé%@ﬁ hat, fhe gryplti- ?mfg{al gﬁfeﬂﬁgﬁo-‘;w& 3 of Basi cal | y, the
hi gh fiRY&lsp\uak upGRaraipd iRl t.OBD EERIXbAPUE RS 418 Writedpbriions.Of f . and.

Consequently, fewer data lines are required for reads and writes. As aresult, chip area can be

farther reduced.

[0072] It .will be appreéiaie(i tﬁét the cells of Figlires.4A—4D can be implemented with
| trans1stors having threshold voltages taﬂored to achieve a desired trade-off between access

speed and Ieakage current. The storage sec’qon transistors ml” m4” of a cell in accordance - _
with any of Figures 4A-4D should have Vt values bf higher magnitude than Vt values ofread . ... -, =
access transistors of the cell. The Vit value of write access transistors of such cell relatwe to -

the Vit values of storage section trans1stors may vary depenchng upon the particnlar

application requirements. For example, the following Table shows possible combinationsof

relative Vt valﬁes of storage ﬁansistors, write access tfansistors and read access transistors in

accordance with the mvention.

TABLE
Storage Section Write Access Read Access
Transistors Transistors Transistors
Case 1 High Vit Low Vi Low Vit
Case 2 High Vit Intermediate Vt Low Vi
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causes md" to turn on, which results in node X-bar being pulled dowmn to a

| ow voltage | evel. The |ow voltage on node X-bar, in turn, causes m" to
turn on and causes nB" to turn off, which cause node X to be pulled up to a
hi gh | evel . Conversely, for exanple, provision of a |ow voltage |evel on
BL causes latching of a |ow voltage |level at the junction of transistors
m" and nB" and a high voltage |level at the junction of nm2" and m". In
essencewolhifisdow |evel voltage applied to node X Gadgemefs®" to turn on and

causes md" to turn off, which results in node X-bar being pulled up to a
hi glq voltage level — The hi-agh-val fngn.nn_nnrln X116 \WD.03/.083872

PCT/ So: -rFﬁ&@ﬁ : uses nB" to turn
de X to. be down to a low |evel. During a wite

oper 8N G Lo eanip i o RN Bt Ede RSl | ne Rve

Mmai Ntshknswiite a0l Bk Ql’endiBTed!, fpedfidally npdsed WiiteStaadle sifndl @agplkpanat i on by the cell

200- 2 of F| ure rates t sape, a read operation by cell 200-1
of Fi"@‘%r 6‘7‘5? F‘S]ﬁ[e(oﬁ%ﬁib??ﬁﬁls\fﬁ}aaéfgﬁ?%i;%f"&‘rt‘?i’wlﬁﬁ‘ﬁ % a nulti-port

i nt egfeaéleﬁhnﬁbtbxcmﬂexﬂﬁ}ﬂ@mﬁg%@ﬂ@ wh@@klmeQMBLmaﬁgamd@éme with a fifth
enbodi nent _of . th nt i ents, of third and fifth enbodi nent
cel | g"‘?’@gmﬁﬁ%d Iﬁﬂ)(e}vhgg‘é‘?“aﬁg?(gﬂ“ Qgsg&? pf‘?‘i%f’trgegﬁ’éf%’fed}é‘?ﬂe?@% are |abeled wth

i dentpeeaion.Taé e;n@msieBLnbmrsaiaﬁgmgﬁa@namnlmumwdﬂsﬁqﬂlﬂmthresﬂoﬁf the fifth

enbodi rent. f ocuses . eat ur es u& hat _are di f%ir ent. fromthose described for

the XHBeE° fél?%ﬁ?ﬁaé]ﬁlftg v Tag e fps puise yigfth, thedqrper BL-har discherens A0gnbi nes t he dual

r2 ggdt}ﬁmgﬁashcslﬁedhzmﬁ&‘\tdgb Kfthé e trﬁfs:sfoﬁ%etsﬁhntﬁl BLQﬁdeEHhEE@iﬂg Whént i port cell
ur.e an a one-tr Ite S CITr .,UItI’y section

| i keghfﬁ’é SF?}%Y?]Wgee YT fRnsigtey i %g%éﬁé’ }E{Ff"@feﬂ heg@aflgad and write

oper aﬁ'leﬁﬂ'ﬂnﬂﬁlg cetpb]ﬁmfyuombuamamdmaforepﬂhgh Qﬁfhnastw:& bsedBr dPRGRCI ated fromthe

di sc si on ort cell 3 features reduces cell

o oal RO LI et s lslanee] s % St g s 6 SRS [ 0071] 1t

Wi | | neatiesiao prechafpp the bt diheid atcbraiin evebsuabuhsdt Vadport data storage cells 200-1 and
200-3 of Figures 4B and 4D share data lines (i.e., BL and BL-bar) for read

d i ired f
FoadtOG R Bk B or HROS RSB Icrin oo il A8 BtV P e, [ 0072) 11

wi | | NM©Szinmee ssciandtingifiers. Fdnexample tl;te BHMOSistprage fatdh)trddsjstazsamaybe i npl enent ed
W vk § NG BE i) RIS Ao TRRA) Ehn ik BARS b RbiPhfhat O G} GVe @ desired

o<|

trade-o tween acces
+0.6V. It should be understood that the embodiments of Figures 4A-4D disclose NMOS

type write access and read access transli'stors, and that their relattve Vt 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 exa;npie connections of a read access _ée.ctions, different connections -
cai be_exﬁplbyed consistent with the principles of the invention. For example, referring to the
embodiments of Figureé, 4A and 4C, the gate of output transistor m§ 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 altemaﬁve, the gate of output transistor m8 could be céupled with node
X-bar, and an S/D of cutput n'ansis_tqr m7 could be coupled to BL. Also, for example,
referring to the embodiments of Figures 4B and 4D, the gate of output transistor m8 could .
be coupled to node X-bar, and the gate of ontput transistor m10 could be coupled to node X.
Alternatively, for example, 2 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

cenfigurations for cells of the type shown in Figures 4A-4D in accordance with
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speed and | eakage current. The storage section transistors m"-m4" of a
cell in accordance with any of Figures 4A-4D should have WVt val ues of

hi gher magni tude than Vt values of read access transistors of the cell.
The Vt value of wite access transistors of such cell relative to the VWt
val ues of storage section transistors may vary dependi ng upon the
particular application requirenents. For exanple, the foll ow ng Table

shows pesikbe: conbinations of relative Vt val ues Wi sipsR0e transistors,
wite access transistors and read access transistors in accordance with

the inyention.. TABLE. Stgrage .Section I te Access Read_ Accgess
T et A B e e B HE g O S PR E b7t - Case 2Hi gh

Vi | ntcﬂr—ﬂ’&ﬂbtgﬁrﬁn—iétadfwéﬂz(fofénﬁl]Maﬁl&/Sw la’raaly.ciag&e?E:sﬁogJa B‘ﬁﬂgbﬂi WVt PCT/ US03/ 09599
Low Vit 73. e 3 can_bhe particul ar useful .inr cin ower

o B Sy re b BsRpr L O B Pt se Yas 1) e e B Ba, "omeci 11 cal | y
a pulanibds prédargOirAkistotmsh gNigd gates of@Pl kiGnp-2irk coupled kEthith@nsi stors are
turned, on and, BL (or . BL- aré '%@diﬁfgsrgeé}thro%%h a wwjte_transistor and_
the &% TPPgALyass gmed g, Figay ?1’%? wp Yaruwled Jo Prighiange %P i s | ow, BL-bar is
di schprigeg shbdy BILBRnEbupdado picharkb Gauttiske Apny ethe Bite baRp-shoul d be precharged

before e next .operation. The extent of BL-bar di scharging depends
on t ﬁ‘é‘Pt?E F"s"E‘"E’\‘/W("igP ﬁﬂﬂhﬂg"fﬂrféatf’ﬁ’rs@@ﬁﬁ’ldd turg g PBd e TBY ¥ MR} 4% transi stor. The

| ar gesupled @ rpiehvé@ PRREH dignal the chitseBaiveBlurkal mplhschar gi ng. And  the higher the
threshold voltage of the wite transistor, the smaller BL-bar discharging.

e oS LA e Rl RIR B orldif o lilehiRy LoD SnObe gt F BL-Par 0
4F, precharge transistors are connecied only to the bit line where read access trapsistors are
connected. Transistors mp-1 and mp-n are respectively coupled to BL1-bar] and BL-bar-n in
Figure 4E. Likewise, transistors mp-1" and mp-n’ are respectively coupled to BL1-bar]l and
BL-bar-n in Figure 4F. The use of only a single precharge transistor per bit pair of a cell for
read operations require less chip when compared with earlier precharge circuitry

configurations.

[0078]  In the 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 citcuitry configuration such as that shown in Figure 4F
can be advantageous since precharge transistors coupled to bit lines can be controtled -
selectively. During a write operation, all p'recharg.e transistors are turned off. During a read
operation, precharge transistors for a'selected cell or a selected group of cells are activated to
set the bit line or bit lines (e.g., BL-bar) to a precharge voltage, If the precharge. transistors
are PMOS, then the precharge voliage is Vpp. If the precharge transistors-are NMOS, then
the precharge voltage is Vpﬁ - Vin. After the selecte& 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 low and its output transistor m8 is turned off) or

discharges (when its cell data is high and its output transistor m& is turned on).
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current driving capability of the transistor. Therefore, a high W
transistor is used for the wite transistor, BL (or BL-bar) is less

di scharged for the given pulse width, and thus, less charge is needed to
precharge the bit line to a certain |evel such as vdd. 100741 Al so, note
that Vt of PMOS storage section transistors can be different fromVvt of

NMOS st orage section transistors. For exanple, the PMOS storage (Il atch)
transi siyghsussy have a Vt of -0.8V, while NMOS stpeqagoidat ch) transistors
of the sanme cell may have a Mt of -+ 0.6V. It should be understood that

t he i ts, of Fi access and read
acceggaﬁfan sstc]c‘fftbveprﬁ eﬁ%PtA[ %cﬁﬁ’fa\y%tuwd%éﬁ‘f‘%%éﬁsare conmpared in
t he abﬁmmnﬁameempﬁlkbdtsigeamemgauﬁﬁc&&ntﬁl&gmlamd@railarg&\ﬂﬁ&lsﬁ&r age transistors.

[00751 Pers t he reC| ate_than although the
enbo ?Wﬁfﬂg 8?1 h‘?]@gse KatlfB ‘EJWI%“&Z%T% SO AEATBHIGE 9% read access

sect |dﬁmfgarehdfob&am1thﬁemeﬁrtmnom duﬁﬁ.glthb&a@m&z@mﬁm@@aﬁd xﬁs.tr ﬁt with the
pri nc nventi o For, rring enbodi ment s of

£I es ﬁ the i elsﬁ %

i qurilso 5pelipe Py adiaeen Sgagldng ean g s GG R R coupl ed with

node e%niﬂ@téd Wileh Qﬂ’eﬁlﬁigle%@ﬁsiétorﬁ 28 coBXARP b EprechbrgSLibhaDpulRUhPiehd t r ansi stor nv

could ‘? % | ed é I Aﬁd%ﬁt anot her alternative, the gate of output

t r andPeEY P PRETRRYEH duade %D‘B@é PR hen therp 5 cuenipathy the) D of out put

t r anginplitede of hgROadvelofent B wihed aﬁc[poBbr cofdusiBtiod @ be RERBPIRI referring to the

enbodi nIs 0 ures 4B and 4D, Ef{%gte of output transistor nB could be
mahctognp

f _Fi
coupl ’(S‘atf‘ﬂ’}d’é ot paths o st p utput transistor in 10 could be
coupl ed to node X. Alternatively, for exanple, a SID node of n¥ could be

coupl®dt]t o Beyre&ncknalhStridive oideit diagramb of mﬁuﬂegtaﬂee cieonit ﬁzltedorhge cBL-bar. [0076]
Fi 9ULER a c%rcﬁ}igce @1 a ch ﬁ%&bo(ﬁ%ﬂ%l%’t%f Ql% n\\’f\én%gﬁo e sw raggcé?lrﬁ ? g%e cireuitry

configurati ons Wh OISR Ut 88 4D i n accordance
Wi t hsteBzamBc@sy %%ﬁ@\@éﬁﬁ&@ﬂ@#@@@@%ﬂhﬁ&pﬂﬂﬂﬁﬁm&fmﬁ foestérmpednt i on.

S Lf 1 d Il-n" of

cor il 6k ey 3L i AR B it SR i s Chowe. 0 - bar
coupbteldd bothp steregranely eTherstorrgt sitcoitry 3 irtludes txana:stors)lmrMZ M%mlda/[tge colum 1) and
ShoWgy s abirch %p%wﬂcﬁﬂﬁ@mag&gﬂ%@%&m&g ol itch grd2t €S of mp- | and

np-n are couple -n are urned on. Figure 4F
shom@rcm%amlué@@pﬂp@drﬂnmtm%mbgé transistor np-1' and shows BL-bar-n
coupled to precharge transistor np-n'. The gate of np-1 1is

[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 Vgs. 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 2 second NMCS transistor M3 with a source coupled to a source of the first PMOS . . o
transistor M4 A junction of the sources of the ﬁrst NMbS transistor and the first PMOS
fransistor compnses a pull~up node labeled “A” A Junctlon of the sources of the second

NMOS transistor and the second PMOS transistor compnses a pull-down transistor labeled '
node “B”. A gate of the second PMOS transistor M2 is coupled to the supply voltage VDD o
More spemﬁcally, conductor node 27 couples the supply voltage to a gate of PMOS tran31stor
M?Z so that the supply voltage biases the gate of M2 A gate of the second NMOS tran51stor

M3 is coupled to the effective ground voltage Vss. 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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coupled to receive a PPRELl signal that can selectively turn on nmp-1'. The
gate of np-n' is coupled to receive a PPREn signal that can selectively
turn on np-n'. 100771 It will be appreciated that in the precharge
circuitry configurations of Figures 4E- 4F, precharge transistors are
connected only to the bit |line where read access transistors are
connected. Transistors np-1 and np-n are respectively coupled to BLI-barl
and BL-Qarpfks”? Figure 4E. Likew se, transistors ginkes@ag np-n' are
respecti ve|3y coupled to BL1-barl and BL-bar-n in Figure 4F. The use of
only a single precharge transistor per bit pair of a cell for read

oper &1ra8RE0Ge &G gtenlly.dd & Pesir iR eRcR otpdes 28 dndv G ishavs as ¢ daglasrode har ge circuitry
conf ixgdp 8t hOAsage LIAMB L0 M 608 10466 DakEa sepnliigUnakisen Wi Mgl gure 4E, al |
precharge transistors are turned _on continuously, there are current paths
f r omepAPERISA? Hanigia Fiorgs nads 258k adegitsvekefdhedosis vaumprgyided or oy and n8, and
al s0 ;h#R g thd Rosidenpltfh Wi cycleOr exanpl e. Since read access transistors
are typically larger than |at c¥1 transi stors for read speed inprovenent,
power onsynmpti on due to shart _current can be |arger than that of

b onv ENBFlonaf IRgAVEER Ftgh Iy hinclpdegippudrapsior B wigya &xtanpl e. [ 00791

Ther gd@deRiraid(SAY)RGRBRDRuSlEd 16 dh fupdt n6@ H1iagdH Al 4 @BoriWaheasindinat shown in Figure
precharge transi stors c_ou;l)l ed to bit lines

4F can geav t ageous si nce. (

can B&PEGMTGET -g%ﬁhsﬁfsrv@@m%w%go%ewﬁaa@%www al| precharge

t 1 ansdusdeQ@bMpaing abi like R i(BL-WDebidittofline Rbte oPRAEIRE MBis cBipR@har ge
transistors for a selected cell or a selected group of cells are activated
to SIECHR@ WG cop ‘11@51&?& Jgithe first grabodirgent, the wajte ‘E?&\g“il stga2l 35 Eehar ge vol tage. |f
t he pr#ehardBeWHie SISO Eignal alheheTMdembddiesht, thmis: 8Ghasaemesl tage is VDD, |f
t he Qrecharge transistors are NMOS, then the precharge voltage is VDD -

Vit n. “Atfer the selected bit |ines have been precharged, a corresponding
word line, WALi, is enabled. A given enabled read operation bit |ine
r enmai084] atThe opipechachgentrad vieduitinik @érlndésouipet trangdstoraMosndl 807. and i ts out put

trang] r ' f . di scharges . (wh ' cell .data is high and
its ?&f%@tt“%%fn"gf‘}sﬁ%%%ﬁ]ﬁg|I°s“)“’teg’ie‘r’]“é’g g‘%ﬁ?ﬁ@ﬁi%ﬁﬁg‘}%%ﬁmﬁ&/ US03/ 09599
10088 isHvepledi @ fitst /@ tpmepheliMde Toriicaive goydatrsesaandibdhagt palys t urned on
duri pg. : . q r ' u | gnal ing a sufficient
pul s@g\ﬁk%ﬁ%ﬁhggqﬁ ec a?%%%t?%% %@?97’&%@% %OJB‘EO%gg?jt al n aﬁgJﬁl\}nghsdur ing the pul se
dur atduplad to\ah ewipgmedst3dr frethe firatrwibsdioes, the @ityak walg 33 isypam elh ton : B

line-read (BL-R) conductor line. " A gate of transistor M7 is coupled to the storage node 30 of

~ the'storage circuitry 22. A gate of transistor M6 is coupled to réceive aread control signal.
. In the first embodiment, the read control signal is referred to a word line-read (WL-R) signal.
In the first embodiment, transistors M6 and M7 are NMOS. devices.

| [0085]  Precharge cir(_:uitrj is'coupleéi to p'rovide.a ljrecharge vditage to BL-R. Ina -
present embodiment, precharge circuitry for storage cell 20 includes PMOS transistor 37 with -
one S/D node coupled to a Vpn supply and with another S/D node coupled to the. BL-R bit. - -~ -
]jxie and W‘lﬂ'l a gate coupled to receive a precharge contfol signal. Alternatively, an NMOS
precharge transistor may_Be employed. In one embodiment, thé pfecharge control signalis.a -
constant value signal that Ihaintains transistor 37 turned on continuously. -The method of
operation of such continuously tumed on precharge circuitry embodiment 15 like that
described above for the embodiment of Figure. 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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during a read operation, there is a current path during the read operation
but a noise margin  due to coupling by an adjacent signal |ine can be

i mproved since BL floating condition can be elimnated. Wen precharge
transistors are controlled by precharge signal pulse, the read speed can
be i nmproved due to larger signal devel opnent (when there is a current path,
the anplitude of signal devel opnent is reduced and power consunption can

be redugedsghdgrto the elimnation of current pathsp@fyseRsdes Of design
conpl exity. 100811 Figure 5is an illustrative circuit diagramof an

inte |t dat a, st orage c in accordance with a sixth

e nboglf)%ﬁt WI Eé“ridﬁ'@@?lc[ t;‘ﬁ i S%ﬂ’ébog’t“&?%‘ég?'g{‘é‘f Y. only opsrpchigreslinest or age

Ci r'cuyet stgtagfézall is@ﬁpby(ﬂy\dﬂcé bnlg 6 Hitdine CRIL-R Vs bfed toddadidr&lialaNPMlys | nformati on

for stowg% b%/% E e Ci rcwtry 22 and out put. switch control

ci r c Y P EEe ‘?r%gﬁ"ﬁl {Bg'u@ 23t Preeieresh o sl p egd pyerstine. Thusrieige cel | . The

St Or afip afth isabuirty/and Zest fietlid @Sushrh @IS tsnhidn Wh prdharsMB oM.  The i nput
ﬁ%ma%nt rol circuitry 24 includes input tran5| stor Mb. The output switch

cont I

@P?rﬁtlﬁ“’fry 26 includes output transistors M6 and M7/. [00821 The
storage circuitry 22 includes a first NMOS transistor M with a drain
coupl[eﬁsﬂ toTanmlmpW-Mzbdré ﬂgﬁra\/ﬁ)lﬂe}ﬁﬂ%nm&tdrmlemnﬂy fidakpt PMOS transi stor

oup] ed ctive groun Vss The storage

ci rcu}d} % W ﬁfe@mé{] E‘S(g géﬁ%“g'lsfsﬁﬁgiaﬁ fﬂdwgeaw th a source

coupleﬂdmtememhﬁnmm:ts dﬂapfesehfmﬂfoﬂmht Mvmmme\rtsﬂaﬁmstdm Apmsal so includes a
source cou d to a source of the first

seco gn% I\% Wit h
ransi s S}ftof B ISEs FHET YhF ‘@ en fhe gaigdopQureE NVOS transi st or
and tvmagé (Vfgs)tlsﬂwmnNM(mmplsﬁunrtraﬂ@smrcmsM@naluwdlby:m;ﬂmiﬁﬁgi@.tylpabel ed "A". A

junc f. eI o t he Se i stor and the second PMOS
trantén:npc&?i 1951%%)%?’?&1585% Teglﬁ%\siﬁqc { p%é’?%?é?ne Cé’B‘Z °BY¥ ““AB8He "B'. A gate of
t he sdsuvetevBME Vgsafﬁﬁl Smm‘larl}h/ﬁ PMOSaiepipticadrabsistdr b ippgabyedvpl t age VDD,  More

spec [ t t he I ol t ge to a gate of
'H{lﬂrl%?\ﬂs]% %g%}%ﬁ&ss%{t{l%g?mtﬂﬁrsg‘upplwg‘v%f"tdég' 5 &X‘ e gate of M2. A

gat e capfiudtine candse athikvbid\ioth witlaVig=8V oA “ledily’ ermarmeru@it eehsistor 4shks tehf ect i ve ground

vol t e 0 t.he ef f ective ground

Vol t Aaceaein ML AR Ko I U RS RER R ciBFe P ve o1 ound

vol t tegharigk ths etate ohengiatvghiof givBn tiGag essidintbhichafing starMeﬁtlﬂaﬁm stor M.and -

" the Xy Vi-a no the storage ,
Ci. rC{L}lll ]ﬂmogg% Eeglﬁrgelﬂﬁdfﬁe%%méﬁl Fﬁlﬁ{ t?&&%k}ﬁ%h?w%m st fﬁé(ﬁ%md a drain of the
sec omitam% d@nlmsltrsnswtorﬂ\)@nlaﬂr@lswmmdlawg hl@hqnttmeshmldevratagﬁ are. , B |

enhancement transistors.

[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 thresho]d voltage than M5, As used
herein, the term “ordinary’ enhancement transrstor means that the transistor is:in sn off state

- when a magnitude of a gate—to~source voltage of the trans1stor is zero.

[0089].  In operation, during a write cycle, a logical 0 or a logical 1 digital iﬂformation
signal provided on input node 31 and on the BL-W is passed by transistor:M5, ¢ausing the
storage circuitry 22 to store a digital value representing the information signal. During the
write 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
nede 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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WD 03/083872 PCT/ US03/ 09599 storage node 30. Actually, in a present

enbodi nent, nodes 28 and 30 behave as a single node 28/30 of the storage
circuitry 22. In order to store a digital signal value, transistors M -
cooperate to maintain storage node 28/ 30 at a logic |level of the logic

val ue provided on input node 28 during the nost recent data wite cycle.

[ 0083] The input switch control circuitry 24 includes input transistor M
W th a Hihshsssysource/drain (SID) term nal coupl ed ggadisdofaput node 31 and
with a second SID termnal coupled to node 28/30. In the first enbodi nent,

I nput e ' r elaE:] @2 bit
l'ine- b‘&@iﬂﬁe ?éﬁéewgﬁg{rﬁ%{:tor Pﬂ?%tp% torsgg%@ﬁg?sga%ﬁ%&l S coupled. to
r ecei vagal awthe @itpeiberde 83 argliogtig|BL- Rnutplhehaf is prelicatsieiobthe tweiotvelue he write control

signal _J In the first
enbodJlmnjea{y S%Ee% ¥§81a%331;8d{%/3% bweqﬁ%gm nb{tﬁ by}%’b?@ﬁ%@@ out put switch
cont r otmedorr dwing & sea@clentbweles twwnjolfsiaterodibs pwpw transBr Midluidza A first S/ D
term ' . d a second SID
termna cy&}: d%%ﬁi %gonggeglogg%fkgr&aﬂ%f"%d S%g%%?%rz%gﬁg M%?tbﬁ%@ The effective
gr oundrcsigy 92 sMers sm:cﬁmbhfar gcemlﬂa,tﬂnonecmfobdigemeﬁﬂib mgentibn Wlogiac | evel | signal s,
ﬂ‘i dgxg%igd I?ﬁg%eﬁg I0 ]gzlgnal eréa rrbo no§e %glst()ecﬁ‘ me sf%faﬁe %11'0'1\1/%5 23 glgre?slsj R lpg(rj t t 8 f ag BIUE put

| i ne-digbadge tBirom)d c(fcalpchu:dnbnge vdliagﬁean the BL-gdftdmethranplamssistoravi7 M7 i s coupl ed to
o oo Bty DRt b0 dOSRLS! Aiodiil CHLM ¥ bue 8 8GR, L STen ' he

r ead. cicgtry ougput eigingll Coverself,dorsaanple “Ehemsto,ted logieiervaadlg@al\lis@d si gnal . "I'n the
fir stg FE M{% V. [ 0685] Precharge
circul tﬁ“'{r@%?g couefté%&{}%ka%%?ta%]ﬁ%c% grvol gI%c%laggeBL In a present
e b odiolagaon oygpud @h@ﬂg ef e BbtR it lynef tbnoumtmnasgg MBbtca®@ M7m:tucrdés PMOS
trans IEHH! V pply and with anot her

S/ D ndgg%g%g% X%ofut}(?f?&g] é/l}[gﬁgﬂ%q{?mc [ ng%je s Qﬁé‘{, C{Q?Ségt e coupled to receive a
pr echar ge control nal. Alternati vel,fy an NMOS precharge transistor may
be enpi®ledin m%ccwﬁéofghmen drelesa somss amplifist flenss whnher onotthePrat is a  const ant
val UQ:hﬁgeg\FbﬁligetoH%{e Bmkmt fhd¥s bieA BERERA thdheh Hnieds b M@H7 AYousl y. The

nmet hod o oper ation of such continuously turned on precharge circuitry
enboch%Fff‘Pli T EGeRYSS psHgputs adf@E@ﬁﬂﬂéfél&nanéwﬂeoﬁ apdBLEWEdstent of Figure 4E.

| N angkRela reRRAGIHVERIEE tevEING. PTIRGHAE AfpliceOt pr&zlideﬂzgdhﬁJutlburtﬁﬁlson transistor 37

only during read operations. The nmethod of operation o
indicative of the relative voltage levels on BL-R and Vier. If the loglc 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 thro'ugh transistors M6 and M7. The relative valiies of Voo and the
BL R line will canse Doyt to have a first sensed value. Conversely, if the logxc ievel of the
T dlg]ta] information stored by the storage c1rcu1try 22 1s logic level 1, then the pre-charge -
voltage on BL-R will discharge thIough transmtors ‘M6 and M7. The relative values of me ,

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

[0092] ~ The Vet level is selected based upon a-tade-off between read speed:and noise - .

' niargin Duﬁng a read cycle, for example, if Vieris set at V-V, where Vm isNMOS - -
transistor threshold voltage, then only after the voltage level 6f BL-R drops lower than VDD-
Vi, will the second value of Dy be generatsd Alternatively, for example, in order to
enhance the read speed, Vier 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 Vs by producing a diode voltage drop between a Vpp power line and a Vier

line.
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such selectively turned on precharge circuitry is like that described above
for the enbodi nent of Figure 4F. 21 WO 031083872 PCT/ US03/ 09599 [ 00861 It
wi |l be understood that in the enbodi nent of Figure 5, only one precharge
line per storage cell is enployed, since only one bit line (BL-R) is used
to read stored data. Only one bit line per storage cell (BL-R) has to be
precharged to effect a read operation. Thus, less chip area is required
and | esgoR9Wed i s consuned in connection wit h pr eGlrghgisneseof bit lines for
read operations. [0087] Transi stors ML-M4 are preferably depletion

tran rs_or e | y. enhancenment transistors. As used
her ei h(%fhel?{ggferﬁ]j gs?r Wtwrégrfg?%‘?’t‘rb‘fse%ﬁéi‘ﬂla‘? Herpgaonpbtligy'  enhancenent
tran&ir&ﬁmfi‘xguke“‘s aamgﬁmaimembmimmage Mler ¥ 28 kt8rek QWaVhl ohviRPST stors. A MOS
tranﬂ[0 ? dgﬁ%@% v&ﬂran& stor if the transistor is turned on even
when Od"a pitine mebiding dhe quipypds 33 1exre-chareedibe awplvet i on tr an5| st or
can b&lta@é WMQ%Q Divrine Hipleaéd DT 1 Nrlb @Evalﬁemgfc'higﬁlﬁﬁ whifterf B het I @Nsi st or’
channel %I %quh that .str channel conduction can be achi eved even
Uity W&g

wi t h 5958 uffng,pme Jnt dRpiteed losic | valvrdr sed o s sepr oduced by

i mpl amwmgzzpmmmm@fvmrse%gﬁ otvﬁnaefsw&éi 18 EfstoPagk BRAGI20r €91 On such that
channe|l conducti on can be_achi eved even wth Vgs=0V. A "|eaky'

stro
en haﬁg‘%tﬁ?e PleAkis e porgd logied valug 5 reaﬂ?“@éf&ft%ﬁeélfﬁmﬁ@@ns an enhancenent

transi stor having insufficient current driving capability to change the
st at ¢0084] a Moaepmiﬁbmymmngﬁmemmanmmwm amy kot zhlawmg a |larger

curren akage of the.node. Ically,

t ran§1| ]télfjlogseﬁgvp &ée\% b? a}‘%h‘F E’gﬁg"‘fr%‘:d t%}"}“ﬁ@f‘é&"ﬁi?’eﬂ c}%’rjl’sed(’oon transistors

whi | @h voltaesiat ttams: td:‘rmmaf@f}@loghxe stotabe @hial 02 KONt dgesci@sey, #nhancement

tran 0881 Transistors . 4 he first enbodi ment 20

are Sunsd) nr?g? ﬁ’l&ejm Jﬁg%%%ﬂneesﬁfl ToF {egnﬁgwgg?%g@%nmg\}@ 'Kigher threshol d

x()l tagéﬁestcmfmbwbwmhrefpncitmﬁmdv:eﬁpt‘roaaﬂopmewunh@medltewdlmte reco_rmegdteﬁ EOI\/B
ave resho ot. require a

and O‘}r{ﬁg e‘% %J\%edrog? res?ﬁ% \?téqntoggps?lﬁcﬁﬁerwgwgﬂ'gwgiwy rein, the term

" or dPMBEBWI4, arsh@ncenent transi stor neans that the transistor is in an off
state when a magnitude of a gate-to-source voltage of the transistor is

i e(r:ho 0?%*;_ |08%ﬁr161§ #’lrlge {ﬁ%ﬁfaf’-ﬂ it bk %te@lo\éfc'lévgl IC(Xf‘\gHafdataa}ntlo(ﬂ%i cal 0 or a logical
storage circuitry 22. During the write cycle, the BL-R line can be floating, although it is '

shown to be at Vpp in the voltage timing diagram of Figure 6. The WL-R control signal
provided to the gate of M6 is at a logic 0 (low) level, turning off M6, thereby de-coupling and -
electrically isolating the BL—R bit line output, and the outi_)ut node 33, from the storage node-
28/30. The BL-W bit line? i‘n_cluding inpﬁt node 31, providés alogic 1 (high)signal ata.

voltage level Vpp. The WL—W control signal provided to the gate of M5 is highs0 asto tumn *
on M5.

[0096]  In apresent embodiment, when M5 is tuned 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, i'n a pr.eé_ent émbodiment, when M5 is turned on, the input voltage level -
at input node 31 is communicated to storage node 28/30. In one.embodiment; M5 is an
ordinaxy enhancement transistor, and the peak voltage of the WL-W control signal is HVpp
which is a voltage boosted one threshold voltage above Vpp 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 turn on voltage level if M5 is implemented as a depletion mode transistor or as

a leaky enhancement transistor.
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signal provided on input node 31 and on the BL-Wis passed by transistor

Mb, causing the storage circuitry 22 to store a digital value representing
the information signal. During the wite cycle, transistor M6 de-couples
the storage cell 22 fromthe output node 33 and BL-R.  Followng a wite
cycle, transistors Mb and M6 turn off, isolating node 28/ 30 fromthe input
node 31 and the output node 33. Following the wite cycle, the storage

circui tyyozessgtores a logic value nost recently Werlgk®Redd oOm the BL-WIine
via transistor Mb. 22 WO 03/083872 PCT/ US03/09599 [0090] In operation,
ut tr |stors M6 and M/ cogperate to effect a

duri re cl e,

si gng?09 g]n ﬂ@’ 1@%‘?%’8{6”?@%@&@?% S Pyinap enhengamepifangiien ifi s i ndi cati ve of
the Ioghe airbaleple.}on@llaﬁdimi, kg v6ltape }%G’el af nodé B/5LE piIRA Sy #8/,30udly ot he storage
crrcurf g t%ﬁ%%? ut _transistar is turned on during a read cycl e-
HoweF TeEfRRt Iptel)operations Ift“ﬂ]él\%&feﬁﬁlf‘rﬁlg?‘&%f’% tydd irotasiplily a  read cycle
dtepem%edjm)d?eﬁﬁéﬁsd | HYi€orianmay lsm%xﬁlglﬁinﬂﬁﬁr Rliradr@TARA V:a@%m%?e/ 30 b?’mt ge o
stora specifica exanpl e, in one enbodi ment o
t he |"’(r’ﬁl‘\Fé°r‘|t§(l ﬁé%é?{r’ %?%e%% EHOWE@B?‘E*‘WV%%#/MG“@F EﬁﬁleOFMSFSead from node 28/ 30
of t heplahdied@ea Geplefish bt dddocton 8 Hledk ?eﬂﬁnceﬂfeﬁtqgﬁéege to ground of a
pre-charge voltage on the BL-R bit [ine through transi stor M/ because M/

ist ue to.th i sian of | ogi ignal to its gate by the
st or g:?g ciré hﬂ} IPVV](S"L?PB&IQ Xﬁé‘hedrﬂl?“t E.‘;‘dﬁ‘?/@res"émm%w hg&‘élﬁgﬁl"% when a stored
| 0gi Enitiadly,ahe shussaiindl ahGMQ&ﬂdconﬁéc&ﬁlatm&lp&BdeﬁQarE Behs teHapgieveti rcui try 22
therg is a ﬂrscﬂ g ound of a [ oIt ge .on out put node 33 of
t he gt’-ﬁleb‘?o KRt 8 ‘g PRy L8} aé‘ﬂﬂ‘ﬂa OIT) 5 PleoR yrned  on due to
t1 gggﬁm& tgingstorofThia id edng]runfdrfm lsuam@lenmcdxﬂem @arlaorbgm&&r?e @@ifgge node iﬁ/ ?g
S ad c a.se ifier senses et her

%%IOF ’Mi %%H?]atrgeg‘g Z i és‘gﬁceﬁg W?leq?ngderﬁ§18%@en di schar ged
thlr ;)Mghﬂtsmrtsgmc G\fgkﬁvoazrgd OKMZ 1s'lih.e Slmmmmislafdblﬂmoﬁemsves anl nputs a
VO a recei ves a reference
vol tg%g“i” ﬁv %tﬁe}eé ‘Ss“é‘h"é‘g“"g d‘?"é‘}pﬁd‘ 8‘(/@’&@6 dR*esFeHut Dust that is.
i ndi &0 \Télsm‘alsu)h@ qawlvmenmm/ajhal@gﬂmh@mmsra@ai\st&mrmd thefulif the logic |evel
of t i Qi -l r i b C 22 is logic
et Bk bing LA PRI O S BB e AR B0 R s B S Bhar ge. ¢ hr ovgh
t r ansnizel gigeal lgBes anldw i V), ﬁrﬁumebﬁtrmmetovmsuhsvmge\ﬂt &f starge dlde  BL-R line will
caus /ﬁ%’ﬁliﬂi Fﬁaa\f arﬁaﬁn%&mcﬁtﬁgsﬁcgrgd lzéﬁica"f??evgocgta s{ageel y, 1T the logic |evel. of

t he |g|ta ion e storage, cClrcuitry-22 is Iogrc ' eve

1, then the pre-charge
. [0099]  Also, with the provision of a logic level 1 value to the gate of PMOS transistor-

M4, M4 is strqngly turned off since its Vigs (voltage between its gate and suurce) is (Vpp)-
At the start of time interval T1, the gate of NMOS M3 is coupled to'the effective ground:
voltage bias level Vgs while the puII-down node B voltage is at Vs (OV in one embodiment). -
Thus, M3 turns on since the gatel-to-soﬁrce (Vgs) of M3 is Vs (0V in bne'émbodiment), M4 .
is strongly turned off (reverse biased), and the leakage current ﬂowiﬁg through M4 is smaller
than that of M3. Speciﬁcally, s_inéé M3isa depletidn NMOS transistor with Vgs=0V, there -
is a conduction ;Sath betwéen storage node 28/30 and néde B. Consequently, leakage current” ~ * -
flows through M3 until a vo'ltage at node B rises to 5 level of Vp<Vpp at which NMOS M3iis .-

* self-reverse biased shutting off the Iéaic'agé ‘culnent, whereupon both M3 and M4 both are
reversed biased and leakage current is significantly suppressed. When the voltage of node B
is Vi, the Vigs of M4 is (Vpp-Vp), and the Vgs of M3 is -Vy. Therefore, Vi 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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vol tage on BL-R wil| discharge through transistors Mo and M/. The relative
values of Vref and the BL-R line will cause Dout to have a second sensed
val ue. [0092] The Vref level is selected based upon a trade-off between
read speed: and noise margin. During a read cycle, for exanple, if Vref is
set at VDD-Vtn, where Vin is NMOS transistor threshold voltage, then only
after the voltage |l evel of BL-R drops |ower than VDD- Vtn, will the second

val ue ofyolpssbsspe generated. Alternatively, for exagmmh@esohid, Order to
enhance the read speed, Vref can be set to VDD-0.1 V. In that alternative

case, read spe u be increased, but the noise margin would be
reduégipBFFo?Eee‘ﬂeglﬁﬁfg‘? at%h?@%‘?%@é“é"éﬁ“% bifsediepeydsen teaselatifeef by produci ng
a di atsnvebidagRn i@phdeMEaR My, MR POWRIculaich 85 Wirdofrt 8y 2t | | NE. 23 WO

03/ 083@?12 PCT/ hJS?BI 0%%@95[1150931 Figure 6 is an Illustrative timng diagram
used PO ISR B W& Bl Hitherhame! copuctance pEME trapredycegthertt. During tine

i Nt erk ofNG at tho PoiSivAAGES FbUlEbcmY reRtsebladt%o JohRBL GRleada Val ue (1 ogic
low),.and the BL-R bit line including the output node 33 is pre-charged to
t he §’t§'ﬁeplf‘?fe"§@get‘§ frerAsrossb. During time interval Ti, a logic 1 value
(logic high) is witten to the storage circuitry 22. During tinme interval
72, {0815t ofles, thedgikegeluirak Gem it stop@eindde Q&B0 e rah@ma@eh MBlah Ui try 22. During
tirrel\)'wtag vSaI 'I;S a Iogi.g R value is Writtfen to the storage circuitry 22.
Duri A T REPIRFEH\IQf nephsible fsyvels BY progensiiie ! Bagisiorsdis and Méagoder om t he st or age
Ci r cBivohtage X3 can LB@8ADIIdALS euppeehd dt@aby) akaghbindr}@ fdr Iz ket erval TO, BL-Wis

oV, = \W,i.s_ OV: d W-R . includipng th utput node 33, is OV. BL-Ris
pre- ?ﬁ%‘y\{gjaet%jﬁ?%gea%& Sp%gcav}é\t}ﬁlm%ﬁ% éﬂ?ﬁegés rminedhy thegptionfe at st or age
t er micaledge ABkEBFowing trengh MB ad BIAC I Genbrbll therd % dnSpiblvam TStV Ol t age VA at

pul | - up n A the Lunction of the sour termnals . of NMOS M1 and PMOS
M2, 1S a’tzgge%(agéecvugfn%’deosré S IH5TEPIRE T 45 °?®§5§?f’t"ef‘bth‘?ﬂ@°éwcri ption of

oper ddcreases the pondgptancaad MreRtineab thE Sonduckiee vEN4 RBich 3B Idder Pldveldown node B, the
junctg . urce termnal.s of .N . d PMOS M4, is at OV. (00951
Dur | Ir’?}g@%n*}t ?r’té“"ir‘ N 3?"361 “FY‘?“”%“\%%“?W]E“ Etwgg/aq%‘lr\@éeg ?P’%}&?‘&YSP’QGel | (high) data
I Nt oarhdupt AL @ma gsultefsahidbdryasatielaie GizOgf MO R vk ifrig 6¥@EEorat he BL-R i ne can

be f] oating,. alwgau h it [s shown to be at Von in the voltage tim ng
di 'ag{pﬁ’ﬁ:le(g%}qlf?lﬁﬁ Higitorp TeYersEhPiesed by & agioupt AV while M3 is less :
highly reverse based by the same amount AVp. There should be an optimum condition (i.e.

an optimum value of V) at which the degree of reverse biasing of M3 and M4 minimizes

‘ Igakage current. This optimum level can be set by appropriate relative sizing of M3 and M4.

[0102]  Therefore, during time interval T1, a logic level 1 value is written itito the storage -
cirenitry 22. The logic 1ev§] 1'(high) input on BL-W turns on the depletion NMOS M1 and
© turns off the'depleﬁm? PMOS M4.' The VUltage_ V rises to a leve] at which Vg, of depletion —~~ ©
PMQS tranisistor M2 is 0V, causii]g M2 to conduct the full supply voltage to the storage node
- 28/30. ‘The voltage Vy rises to 2 level at which depletion NMOS M3 transistor becomes self> -
TEVerse biase_d._ With transistors M1 and M2 turned on and transistors M3 and M4 turned off;
the voltage of storage‘ node 28/30 is, in effect, “pulled up” through pull-ﬁp node A tothe
supply voltage bias level. Thus, in a present embodiment, the full supply voltage is provided .
to mairitain the stored logic level 1 signall while ieakage current is suppres'séd thio‘ﬁgh reverse
bias of both NMOS M3 and PMOS M4.

[0103]  During time interva] T2, a read cycle reads the stored high logic level (logic 1)
signal from the storage circuitry 22. In the example illustrated in Figure 6, the BL-W bit
line, 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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provided to the gate of M6 is at a logic O (low) level, turning off M,

t hereby de-coupling and electrically isolating the BL=R bit |ine output,
and the output node 33, fromthe storage node 28130. The BL-Wbit I|ine,

i ncludi ng i nput node 31, provides a logic 1 (high) signal at a, voltage

| evel VDD. The W.-Wcontrol signal provided to the gate of Mo is high-so as
to tam on Mb. [00961 In a present enbodi nent, when Mb is turned on, the

i nput v@bhaeeshevel at input node 31 is communi CaigRishspedohie gate of NMOS
transistor ML and to the gate of PMOS transistor MA. Also, in a present

enbodi s, turned the input voltage |level at input node 31
is CSH%‘?PCQW@ETVQ/B@F&S%@ pmybcgd bodhogggte qf 56?‘1]8“’@?@%8%?1{ M5 is an

or di rm{os m&ammmﬁ&ebye@mmwebm@me ﬂ]Mn&eek/swﬁbrheﬁ@Low the W.-Wcontrol

si gnal Sr I—% vqgllﬁta'glg@ggoosted .one threshold vol tage above VDD
so t FRE: (TR f%{?&@l Sr%e}é% atﬁﬂ vel fitiRe QS momsistosMade £ ul | VDD,

Howe wes on. arhv%ltaggevdl ﬁ})pﬁéd 19 the \BID o ERIM O Qrabiki@s M¥Ss 1B olMbe el cONt rol - si gnal

turn on volt Mb i's inplenmented as _a depl etion node transistor

g | eve
or a¥Presenj ‘E@ MOW&G&H@?@% Spfzﬁkﬁcm HaroBegyeEl #CT/ US03/ 09599

[ 009 dbrapd nodk /3006 ;pRRT 8 Bicak@df ihat even if Mb is an ordi nary enhancement
transi stor, M - I\/kl are depl et| on transistors, the voltage | evel of node

if
28/ 3 pul l.ed u sel f ti.on (self-1latch)
operg't‘{)‘gn %F ég“‘?aeéj:d é?tgiv?l\;r&tﬁ%%ﬁcy‘? ihesPresgRteflal |y needed.
Nev ebi diekie &sel nﬂmgm velt;@e rnad M7\s tusiedl@sdue &thestdred 1egldeﬁze1h£gheatansf er to full Vdd

f te b 8/.30 | t ti
erbodarp eSSy e VRisr vl Y RaRie e AT VaBisber BB de. devi ce or as
a | eRlane mmhameermﬂens odm/stemamﬂ[ 808G hg Wt b togicherell @ighpdt @Bragd node | 0gi ¢ | val ue

i npu gate of e sources of M
and %\%:;I it Ienrl%oﬁﬁeé%‘fyéﬁ Owef) que %aﬁgﬁgf %qger%l‘ ggltﬁlﬂ%n\?{\ép’ﬂﬁ | evel VA The
vol t aget adde ABdieopAiinm segrd-cagDBvilitd hlowtr v@hyge kot dyeadplopvgi nce ML is a
depletion NMOS transistor. This is also true if M is a | eaky enhancenent

tr angigs Or -arRlebegndillordat Giedbal »rg’wgét Preb P gagufggm%éﬁxrﬁzhe o Supp' y

voltage, and 1ts source I's cou nod 50 a
souri “filﬁgcglatuém(d%@%))ﬁ%ﬁ i etgl@rwhmwl@gﬂwelsdwbesmﬂw is a depl eti on PMOS

tra tnﬁ%satgtte% $11é@39nr]e}:){9 Zalenﬁg ¥ realt BRISHL Fre@n& N\ INEL 8 BLRAGR1fif-gm PUl | -up node A
output node 33, discharges to the effective ground level Vg through M6 and M7. In

response to such dlscharge, the Doy cutput of the sense amplifier 40 changes from low to.
- high, the second Dy, value, indicating a read of a logic level 1 (high) value from storage node . = . -
28/30.

[01 061 - More partleularly, M6 and M7 cooperate in the reading of stored mfonnatmn from
the storage circuitry 22. Transistor M6 functions to determine when a read cycle is to occur.
When the WL-R control signal is low, M6 is tumed off, and M7 and the storage circuitry 22 -:‘ -
are isolated from the BL-R output When the WL-R control signal is high, as during time
interval T2, M6 is turned on, and M7 and the storage ClICHllTy 22 ave coupled to the BL—R
output. Transistor M? 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 on state .
during a read cycle, the pre-charge vo]tage dlscharges, 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. Ifthe

voltage level maintained by the storage circmtry 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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28/ 30. This is also the case when M2 is a | eaky enhancenent transistor.
Therefore, the full supply voltage bias level VDD is transferred to the
storage node 28/ 30. Even after the W.-W control signal goes to low (0 V),
and turns off transistor Mb, the voltage at the storage node 28/30 is

mai ntai ned at VDD, nmaintaining the stored logical | level data state,
f00991 Also, with the provision of a logic level | value to the gate of
PMOS trsdsedse, M, M is strongly turned off sing@ridySooxds (vol tage
between its gate and source) is (VDD)- At the start of time interval TI,

t he te of NMOS MB js coupled to the effective ground voltage bias |evel
Vss WMk ¢ Rarnghe et pbiyee ietys 2abpth M§ apg Mijawe nTehe enbodi ment):
Thus, prd\hadebl VlBgdéh tBd BCR thilRle Sl dk@nSaMie8sh(NO 8ad 7. B sége VSS (OV in one
enbodinent), M4 _ is strongly turned off (reverse biased), and the | eakage
cur r eRpUHer dentss the chamgthinthe Yokazs fruelioa the BLHA bt lneamelyfingipuSpeci fi cal |y, since
MB i Siode ek Sdvides é\ib{,%éghm%gsats%nwl& ¥ 57N catild G sRragh £ 2 CONduction path
bet ween st orage node 28/ 30 and node B. Consequently, Feakage current flows
t hr oditph 19085 leitst signabbyibn Sseps clitvitiode B rises to a | evel of VD<VDD at which
NMOS MB is self-reverse biased shutting off the | eakage current, whereupon

bot h [/B3sjandinMprdaait BmBddenent G\IRS iSRRI B8 Bdofafitle bOak ABeGHAdAdPt 1S
\When .t he yoltage of node B is VB, the Vgs of M4

si gni ficant suppr.essed. 0

is (\'}}5591??@7 !ex%l %ﬁ%geﬁf’mﬁ&;ﬂﬁ"%ﬁy 8. TreRisios PR oSSR $6B5F Bsent s a

st eadyogpuatifoult ®ritRGrrat cikis 2B duwiigihd B 5i0r Bl cdatRarakvg ist ored at storage
node . 28/ 30 | l.ogic level .1 (high). 25 WO 03/083872 PCT/ US03/09S99 [ 01001
The Ve eB*&’/E“?&WP}IE‘Wnﬁﬁ'e%é'c%%ﬁéa@éfr@%%rl 7hi %E‘Hmdgﬁ‘énds on the

r el athighlevel hostoiad. LN tttrhbdoTs, Sk £1R010%1 ©EtoVB. BtRd, thsist@mgy can be cal cul at ed
usin irchoff's |aw at | | -down nod : r.exanple, if the channel
cond%ﬁ’ﬁ%@%@‘enggn?fédgﬁaéagls&ﬁ%ﬁpﬁ%g’r%ﬁb%gn%OH'P‘“t he point where M
woul dode 88,GlEEentay 808 thellbgisiedt] abrsdat WRulochgb Bode28/3@ 8StBEstorsdence nore vol t age
vvoulg dr ogzacr oss M4. 101011 Thus, the | eakage current fromthe storage
node “Z81¥65%t o ground through MB and M can be suppressed to a negligible

| evel . By proper sizing of transistors M3 and M4, node B voltage VB can be
cont a0 ed It gerstap phes¥6 istengt andbihe semianpde valtageintow, bansisogi ¢ | evel | (high)
dat apgt, LS . N B I determ ned by
the. » e Aaee s BRGIoaE e b M Bl 3B MR ORI 4% erer a1, Ther o
is ate prgtchargayoitageiop ottput node 33. Conversely, when M6 is turned on and the storage S

C

. node voltage is high, transistor M7 communicates the high storage node voltage by .

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

- [0110]  Thesixth embodimént of Figure 5 uses separate read paths and write paths as

- ‘_ ~ does the second émbodimeﬁt of Figure 4A. | Specifically, data is written via transistox Ms. . _'
Data is read via transistors M7 and M8. As explained above, thie separate write and read
paths_prdmote impfove_d biréuit stabi]ify.- Larger size transistors, with large current carrying . -
capébih'ty, 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 cyci_e writes logic level 0 (low) data into the . -
. storage cifcuiﬁ‘y 22. Tnthe éxaﬁlple illustrated in Figili'e 6, the BL—R bit line is pre-c“harged'
to the Vpp supply bias voltage level, although the voltage levellon BL-R is unimportant
during the write cycle and thus, BL-R can be floating during the read operation. The WL-R
confrol signal provided to the gate of M6 is at al logic 0 (low) tumning 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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m ni m ze | eakage current. For instance, decreasing the size of M3 relative
to the size of MM decreases the conductance of MB relative to the

conduct ance of M4 which can | ower the level of VB at which M3 becones
reverse biased when storing a logic level | value by some anount AVE. One
result of such decreased relative size of M3 is that during storage of a

| ogi ¢ | wyedosbsyal ue, Mt is nmore highly reversed bi agedsdwssn amount AVB
while M3 is less highly reverse based by the sane amobunt AVB. There shoul d

of 1 SO Ve S AR Wy Wi Gondl P PSSR £ Thi s ot | mum

| evebn 880 ARexgheddPoRRAMANEcAtS0 weitea@twm shezpeﬁngvmfagé\@ﬂaarmw [01021
Therefore, duripg time interval Ti | ogic |.evel value is witten into
the SQmPhgal mPfPrg'e}VﬂSr@V@zeo thep e w&'&gelerf@&%mm&m%%ﬁdgﬂyoqeﬁéfép w#h BL-Wturns on
the dephati,on NMOS ML and turns off the depletion PMOS MA. The vol tage VA
rises to a level at which Vsg of depletion PMOS transistor M2 is OV,

o e B SEE 1S BR o 1R ST RSB SRR, hoce, 20 %

becongssoiRbd of MEME MEinicBSRGked W) fphh—dbﬁr@ﬂﬁi'eglﬁih&ll}l\&e addgdMévd yphed on and
transistors M3 and M4 turned of the voltage of storage node 2 8/ 30 is,

in efpghigripg le&‘ﬁs‘&’balpfeﬁ’t"éﬂbhﬁd&ﬁ?} mypraingted staragenedses38uppl y vol tage bi as

| evehowdva Sincd the Sutddr@ aton@m@sihaﬂ%ﬁiormh&mfvw dv & é(vdlﬂ bdgge is provided
to naintain the stored logic level | signal while kage current is

s up pPekdaxe nofs B degps t‘rﬂéhﬁeqf%@ﬁvetsroa@d bips Fodege lmﬂmaﬂ 3Ma. [01031 During
ti nemms%rss%effm@afeaaﬁenﬁa&ﬁéﬁeﬂﬁﬁﬂﬁto} F@m%tt@é@@b&ww Rgiic level (logic I)

SI gnal fromthe storage circuitry 22. In the 'exanple illustrated in Figure
6, tprapipd tofhpgtfectiveigrund biag valigenssi thmﬁfﬂ-we@ce@f gsholagecEd34s | ogic | evel 0

(1 OV‘@V SS19€@MO§M§'&9HE%I&EEW@S‘ﬂnsisﬁi’%dVéylsﬁf -trb 5 a4BAdIR@I ant during the
read cycle and thus W can flodting during read 26 WO 03/ 083872

PCT/ padDfigrn §B9tragpaeds 2R3 to PRlfedown mpdedd rifhivis als e anse phenM3dse t o t he gate of
VB i gy \%ﬁ?en?@ﬁt ffsikibf. “thlfefore MMRrdck aRRI281305s MBpled B%E@é?i)(re el ectrically

|solat|n the 1 nput node 28/ 30 fromthe BL-W 1nput. The W.-R control
SI gnﬁpmi iagvoltagp- o@iieéaﬁerlthe(mdﬁ)coﬂf@b@gﬂabm%tﬂgwma@df%lﬁlgPﬁ"t or M6 to turn

i\!l\[/% M/ is the
voI %ﬂgﬂl\%&/&gﬁﬂ@‘fdggregé teh%Itg’ f&%\d @%ﬁ&@é]aéég,og%?g%&% e%fg(qugr gl% e circuitry 22.
Specblﬂﬁ\wﬁﬁgeWss,meﬁwng@gétoteémcabq leved tlgge slgfe node 28/30 is applied to the
gate of M.

[0113] Also, with the provision of a logical 0 value to the gate of NMOS transistor M1,
M1 turns off. Specifically, for example, if Vgg=0V is applied to the gaie of M1 while the

voltage at pull-up node A is at Vpp, then Vgs of M1 is -Vpp, causing M1 to be strongly
turned off. Meanwhile, initially the Vgs of M2 is 0V since the gate of M2 is coupled to
recéive Vb aﬁd the source of M2 is '(;oupled to pull-up node A which initially is at voltage
level Vpp. Since M1 is strongly tumed 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 depletton (or alternatively a ‘leaky enhancement’) transistor with a
sowrce-to-gate (Vsg) voltage of OV. 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-Va). Leakage current
flows throngh M2 until V, achieves a sieady-state level at which both transistors M1 and M2
are sufficiently reverse-biased to suppress further leakage current. Therefore V, 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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101041 In the exanple of Figure 6, during tine interval T2, the stored data
is represented by a logic level | (high) voltage, and M/ is turned on due
to the stored logic |level high data. Throughout the read cycle, the
voltage | evels VA at pull-up node A and Vg at pull-down node B are

mai ntai ned at | evels consistent wth the storage of a logic level | (high)
at storagangose 28/ 30. During the read cycl e, howenarysoddssevol t age | eve

on the BL-R bit I|ine, including the output node 33, drops fromthe

Do M e Bt Br B GRR S M RRS MY Pt S e B e Pl BL R

i ncl Ughicngy comnénh vthevzogha b3th,M bardd M2 mre rdvers@lbigeqir e- charge vol tage | evel , which
is VDD in the illustrated enbodinent. During the read cycle, the

| udi t de.33,. disch to th
o £ ed P MBS0 BT i BEplRF Rt R SIS Suon ©
ﬂi Sﬁ mhangei cotdnetiddatréngtis b HMl am&MtZJ‘md:Bff&&aﬁﬁ]pkﬂ ﬁm@mﬁﬁoiﬁ’bm.gfs f Irorln I(ﬁyv t] ;)
ca ic leve i
e Lad S e R s o et B iR e R o PR TND. and

coopeﬁ:ﬁhetanca of Mie, theatk vheof Vi bohepbihthefeM2 wold bécoii 1 &6 tidsed age circuitry
‘Ia'{sans%ﬁtjor VB ﬁflunctlonslto dug m ne en a read cycle is to occur.
V\hen PEOUAE DRINEISHEY Freeign ltages Ve AoRACT IS M2ur ned of f, and M7 and the
storage circuitry 22 are isolated fromthe BL-R output. When the W.-R
cont [@it5)si giials, thelehiaghourast fobur the gupblyivbis vblnatgewlaio tﬁ'e&tor:k@ nb& turned-on, and

M/ a e s a ircuitry 22 are ed to the BL- out put. Transi stor
fzﬂcs:@ ?]50 gﬁ% agit@r“ eéguwvt FeLp 38Fg(iﬁg’? ° levek %F@%"r‘iﬁﬂ?‘@%o{/ol tage on BL-R
Wi | | traksistineiviy end M2 quiihup MedeandolivFe Wi tdnibg c&aﬁoﬁ&ﬁo@t}@i‘tﬁc the WhgIBy M7 is.in a
turned on sta read. cycle, the ol t age di schar ges,
and WASH® KF s teflﬁgm?fv%lg]r(ﬁ’ga?i%ﬂm@%%@m ?ﬁ?‘fi%y’é “J?t he pre-charge
vol t ageodd deis dnemindd $¢ thaigie.of Ehlege alrehf flatiag mmaghmamsmcmntrol | ed by the
vol t age i of ora e node 28/ of the ora rcuitry 22. If the
vol t & 5‘4’@\7{5“ ?pilF’H‘Furf B?W’Wézeéfiﬂg‘tgﬁdﬁn@f r%’ﬁ 2‘%‘”&?5“%" age node 28/ 30
is | g ((ﬂmgiemntamte 51z9)>fm Qeeabdé tlhe&:oh@d&ﬁz Bcedff M1 rétamteh@gﬁolzt ?38 IevEl .
msunta|n e s ircu at . _storage node is hig
(I ogf%ldt %‘f Xff‘ﬁ’%@ﬂ% ﬁ’gﬂ {%16 I#‘érwtwir%? Rerpmes fresebitsifned on. 27 WO
03/ 0&3&?&@@45@@@%@@\;&& b @48 himbAak Arg @tﬁem%@ls&uat&ea&fd time interval 72,

both Mo and are turned on. The pre-charge voltage on the BL _R bit |ine

out piftatiyg %%f’t?i%}é% thet fugngiorRes of ﬁaoawlevetﬂ ¥alge fyRds more highly reversed

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.¢. 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 V5 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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anplifier 40 senses the change in the voltage level on the BL-R bit I|ine,

i ncl udi ng output node 33, and provides a Dout signal having a second val ue
that is indicative of storage of a high logic | evel signal by the storage
circuitry. 10108] In a present enbodi nent of the invention, the on/off
state of M7 is determ ned by the voltage |evel maintained by the storage
Ci rcui twy o2s3siir ansi stor M/ in essence serves as acTasbywetoscircuit for the
storage circuitry 22 during t he read cycle The on/off state of M/ is

I ndl gl?lttllq, neg{ln];r% e]'ltl%lo erv%lg]e art?ﬁgf;}g:imrf:a%sﬁlc l@ylbpf)wfjﬁf?ai@ge circuitry 22. If

P SCsT0 tUrned off, then a
I ow Is’emﬁlbyﬂﬂ seotage emhmﬁ/rﬂlslnme anspktibistriEd infRiguet 6,0RSBL-W Biake:, connection of a

vol ta schar B out ut node 33,
depe tﬁf)é(;e gﬂ%‘p&%@f’%w 339/1 (Ioé"bﬁllg’éag’ aﬁﬂl"'{gﬁgi SB?Q?V T §§eal28/ 30 of the
st or agel onaalfwumﬂmp&&nt ROBH A rdat c@RN ATHIWL mh@maxﬁlgnglpwma@d; on and the

storage nhode voltage is |lo tranS|stor communi cates, the | ow storage
node%%&lmle&g}g t‘solo‘&ﬁ‘? &ét/ %t%@b%ﬁ‘eﬂ{ﬁéﬂ%@lwg ehe pre-charge

vol t%ﬁﬁ@ﬁbd@ﬂﬂ/@@ﬁtﬂﬂ@%ﬁﬁf Inﬁ-’énTl%rWﬂE’aonm%anms 43 dgianedigan and the storage
node_vaol tage _is_high, transistor comuni cat es the hi %_h storage node

vol t 3yel cgysing NMQS {ramsisiog Méita t}wa?rgéfhe seltagp loved appliet oy thegalcttt age f r om out put
node N3#0d Rangifiberay isife ek gvel ﬂe%ae%gﬂh@da% tbrBd @m@ dbaBNire@fryFi gure 5 uses

separate read paths and wite paths as does the second enbodi nent of
Fi gufe SPAC'ﬁ@H@def Yakiagq lgvel efstozage godeg8{30deappliddo th%ﬁfgpéwf M6. Data is read

via transistors M/ and MB. As explained above, the separate wite and read

pat hgp1pg)o momhd d%&ﬁﬂu 8ElFigh ey drinG timB idtrtal T4 th@it&@d ddtd i Fteeatt’eﬂi §/|t7 ors, g vl\\/nB th
enent an SO

| arg rryi b|||t can be used to_ inp
as tgy?];? ‘E‘QJ Eﬁgééﬂg 1?% pf g i the Je5e logic fevel iy é4r s can be used
to i Lrﬁb@gmﬁt&hd\fza@?dlel‘tﬁemagdl@ma&eatFﬁﬁﬁbﬁdaeg d Qbilli-dowh b time interval

T3, a wite cycle wites logic |eve data into the_ storage

ci r cBistgmaisisn %Wﬂ%"%‘&‘é‘ﬁ‘ﬁl‘“@ .ttqstfgﬁe&t%&gme‘@tfb@?‘@assfor@woét Rbit line is

pr e- g4ysy. Qeh, dirgiitaeIpis URPItaddil@B1 OHOhd BOR tieR] and3h biRGM@Rdd he vol t age
| evel on BL-R is uninportant uring the wite cycle and thus, BL-R can be

f1 oafd H@esﬁﬂtrqlﬁ@e%e?lé’&ﬂat@ﬁd?‘%ha&? VOIT%@ %l Boo-cont rol signal provided to
the gate of M6 is at al logic O (low) turning off Ms, thereby de- coupling
and et r i LedxpMinkd shod, MDanki ey cBbdeat@intthé feitBng AR@redMfpdiatinode 33, fromthe

fggr ggr@ t‘rte{go%jage é?c/d% The ug:?!é%t}/l\é e reaél cyc?e ofltl?n%ln.!tjtgrlvﬂ%éll ti"a%ggtorrﬁg% 31, provides

tumed on, and transistor M7 is turned off. Therefore, transistor M7 functions to block
discharge of the pre-charge voltage Vi, 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 Dgy
signal having a first value that is indicative of storage of a low logic level signal by the
Storage cu‘cmtty 22. o - l |

[0120]  Figure 7 is an illustrative circuit diagram of a seventh embodiment of the
invention. 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
mumerals 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 alternatively, leaky

enhancement type. Whereas, the corresponding transisiors of Figure 5 are ordinary
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WO 031083872 PCT/ US03/ 09599 vol tage | evel 0OV. The W.-Wcontrol signal
provided to the gate of Mb is high so as to turn on M. As explained above
with reference to wite cycle Ti, the peak voltage of the W.-W control
signal preferably is HVDD so that the voltage | evel comunicated to node
28/30 will be full V. [0112] Wth the provision of a logic O val ue input
to the gatogongn2PMOS M4, M4 turns on. The sources afcTNSozashe VA

i nterconnect ed at pull-down node B initially are voltage Ievel VB, since a

hi gh l.ogi c e VIO ' y storage node
28136“&”“2?3 gﬂ’ dgw‘f?geﬁ?ﬁ %F)Gdﬁgpl g@?@ﬂ(%?{r}lﬁgﬁnﬁtor M4 -receives OV
i NpUtransishes a¢ elphEwes) ofd ouqmt d]\&&;lM@]deSBvddwp@thﬂ@ ushef adfopget | ve ground bi as
voltage |evel durin Thi s f Ml is a | eaky
enhaﬁ‘g@ﬁ%ﬂyﬂq ik aat %ﬂB r%fi’r‘i‘be@t “’ff;@guéﬁgéedufn%l\?%§@@ln§8 0%58%%5 fed to the
effe bV trEfs R lpm@@as\écdntmt&sanbtaﬁuﬁplmdtmﬂmlyrdepiet@dﬁgs) vol t age of M3
Si nce N M3 is a depletion NMOS transistor, and Vgs is OV, there
|s a”%ﬁ@%tﬂp‘é)ﬁﬂpf‘ﬂ’&{lﬁa‘il?ﬂﬁﬁ%he storage node 28/30 to pull-down node B. This

is also the case when M3 is a |eaky enhancenent transistor. Therefore, the
st or gae21N0dorRPardiCulirsy, ﬁahménaﬂdMnedfﬂwcamorgmmums&rénsdml tage. Even after

the W.- W contr ol gnal es to, |l ow Atia transi stor M,
the FomrdigW. @Plu@%mg‘tfalf’%ﬁg’é fodhsgrage n%%‘l%‘?'q SR ﬁlﬁfggigat the effective

gr oUR&radhicASa Nodkib@Efads SV oRas aﬁmyau ngo\t;é’ver il the mbokimgmtdlrlg]nré evel data
state. [0113] Also, V\nthtIF“l 1S ?gﬂ ica H ﬁetothe gate of
NMVOS 7t Faasigerdd S ingplemengd ap g ?P.J, “8? or %B’é ‘3818?11?)3’““?1%?1 Aple, if VS5-0Vis
appl b&féte& 901&%@13ﬁé‘ttcﬁlléﬂffoﬂvﬂ&s%bsh@ atsbaual viehitaggnahtepbbésiadyoltpdds A i s at VDD,

t hen Vgs of is -VvDD caug‘}?rg] {)hﬁbe stro%efge\é?éﬂger@ed of f. Meanwhil e,

i ni t Peimpgfled. jja WEECCERIVPWELLO fop-for he S e § tipl ed to receive
VDD %@ﬁv&ﬁfge%?ﬁlé Béosell v&gﬁgé Sced DR @ﬂboﬂﬁmﬁl&ﬂf [Figiﬁe nideat hisnhitageis nitially is at
voltage level VDD. Since M is strong %f turned off (rever, ed bi ased), the

I eakavg@tawé e ptandbygmpdecand o brpgpbREoTEe & e ]é"rwef R or 8w ng through

h? odpld it O bﬂcﬂw afdéi;rénéﬂtaﬁgtsﬁsqneﬂwdspbwcaﬁb@mapsove@maw is a depletion
(or ternati veI y a | eaky enhancenent') transi tor source-to-gate
\#epl? fou

( Vs gjnoigesied eugeeniriiving capphilisy for he pamne;iaput voli3am Jiops gh M2, from
p“' | traddReoPOGE, MYy ﬁaQ fohe ﬁe@ﬁc@cﬂ@oltﬂé&QQbﬁﬁé She Mmu@ﬁwmaﬁﬁme of pul | -up node
@%\ The Vgs ML TS -VA (assuming Vss = 0 ifaldl?lt}[ItBeAVgs of M
bec 0 ﬁ!&‘sng OaE{bﬂ\Y)A)S m‘lgb &R@g@%@ﬁ?@ﬁ’f‘hﬂaﬂ %‘RE“’?’H%E@W%@ e achi eves a
st eagy: fhalQRiahS¥ Bhgert Which both transistors M1 and M
[0123]  One challenge confronted with the use of depletion or leaky enhancement device
as an input transistor M5 is that a depletion device turns on when Vg,=0.0V. Thus, when M5
is mplemented as a depletion (or leaky enhancemerit trans1stor) itis desnable to pull the
gate voltage of M5 below 0.0V to ensure tumn off of M5 strongly '

[0124] | The first S/D of M7 is coupled 10 Vyery which is }ugher 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.

[0125]  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 MS5 of
Figure 5, for example, or to suppress leakage current through M5, it is desirable to pull down
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are sufficiently reverse-biased to suppress further |eakage current.
Therefore VA represents a steady-state voltage |evel at pull-up node A
when a logic level O (low) value is stored by the storage circuitry 22.
Basically, |eakage current flows through M2 until a voltage at pull-up 29
WD 03/ 083872 PCT/ US03/ 09599 node A falls to a | evel of VAVDD at whi ch PMOS
M2 i s swhfisngyerse biased shutting off the | eakageceukizmasss wher eupon both
ML and M2 are reversed biased. [0114] The val ue of VA at which M2 becones

sel f-m@v@fasgo,pg@é@@ng@pﬂ}%ll(,%ffepgg{aegt&wayxﬁ?dreg 3%19#1% Cg‘\%nrg%‘fet_i on strengths

of M_and M2, and can be calcul ated usin S node A. For
exanpligurei8a shpws afrivgnetcuit Shedmptising &n ioferv@52nveith 7 BIMOS eahsiselr a8 inde t o t he
channglnve9RdNGt A6 al.ye of VA at. the point where M

woul d becone rev@?g'eAgilfméygdo ae@(l)é%ed’cgsgésﬁoﬁ%?@%é’ D§‘fpﬁ8'e nore vol t age
woul dvoiegsp Aeserand $/MVES thf PIOS Hevideusd and hérst $YBlodige NMIDS efvice56@m t he supply bi as

vol t g, t.orage e 30 thr h and M2 can be suppressed

to aa% gl%/dlqgiab?teakp%v%l et Nal: ?egg%weﬁi‘géecﬂdoé}gﬁé%W%gs‘Rﬂmﬁnd M2, pul | -up

node ifconpled tpevittial ganndoede 601 tThe htechf e MIPPERISMOD Gasisanddy s¢ | eakage

curr ic. |l eve | ow) data staorage. More specifically, the

vol tgagééco%ﬂg%#%%ﬁﬁﬁfss H%Aeﬁgé’élcﬁpz"é’%&%%éfeﬁ‘l ‘Fl’ggn%&?n*t overgliquethef | eakage current
f I owiaddress imfomglionfirovidell 1h/Bhe alidiess 8aRE2 AbterntiRRHR 1bSe B84 &ggam ratio to

m ni %%&Anqgmcg%nent. For instance, decreasing the Size of Ml relative

¥

to the size W¥&%%%s the conductance of M relative to the
conduct ance of M2 which can | ower the | evel of VA at which M2 becones

revel@@6hi aFigire 8thshows thatri shgalahl MSGipeoviced &) thdviradl bRulncae gBigamunt AVA. (One
resul ttto{, sduch decrea(%gd relative size of M is that during storage of a
| ogi & eVE PR APYmoqgpPeratiqrapdis fetdn Vgs-4e dwing syndbyimede epasstionn amount  OVA

whi | ©@pblidviaitageas thidHcBdhheis therA6% & RASEFo1RYe LG VA.  There shoul d
be an &gti mum condi tion (i.e. an opti rm%”le val ﬁgégﬁ“%&g?b whi ch t he degree

of  FaderrsEtpy Worgrrtine 2 speed mpalai dicing ewive meddapgatiourGrent . Thi s opt i mum
| eV ebhoRaiRE wiF the River RANQR Figffe SAYA 1P Fhr yBsifs Miand M2, [0116]
I , a logl ve {

Therefore, duri nag_ tinme interva } val'ue is stored. The
| ogi EurieakAsivinggagabibify sinoa fis 2 grnersied Wignabrather hpwd suppisteucd bs Viufs on- t he

depl glabpit. BYPR this RS wurns of f .t he de ,.on NMOS transi stor
ML. The val tageth%t pu %%Iﬁtl\gﬁlig%gg?aélgfyr %eylgu%]g%]fl?% 8%6?1%5\/3& VA at which
depl Beredimited/Anlity tadisthage cunvgt dyercgies pedadarf simebDasierhcivicnddsr ns of . The

operation, for instance, it is desirable to shut down a word line quickly in order to reduce
overali 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 'Wn'te)' and thé precharge time to diSable the word line and set circuits ready for the next

-.operation. - o

i0127]  Figure 9A is a circuit diagram of an altemative embodiment word line write
driver circuit 400. Figure 9B is a signal diagram used to explain the operation of the
alternative 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 confrol line. The word line driver 400
includes 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 control signal is provided to WL via a driver
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voltage at pull-down node B falls to a | evel of OV, and depl eti on NMOS
transistor M3 is turned on. Wth transistors M 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 enbodi ment, storage node 28/30 is
coupl edwbasedzgacti ve ground bi as vol tage whi ch serwes/iseoeabnt ai n t he
stored logic level O signal whi |l e | eakage current is suppressed through

rever 3/083872 PCT/ US03/ 09599
[Ollfflﬁ’ﬁgllta?l?ﬁq d%@ts o va%?g@r ‘ﬁt‘gﬁé t?ﬁ%‘tpzﬂ%*% é%“f‘ﬁg] %5'@” c level 0 (Iow
dat a vohage sisce. SheSEljndﬂy ofmostmage 408 fseonglédto 2 Zirtubklrdun@ exanpl e

illu in Fi the BL-Wbit line, and input node 31, provide a

| ogi iﬁ@&gﬂblﬁsvﬂt@%} al t hough the BL-Wcontrol signal |evel on BL-W
IS uninportant duri ng the read cycle. The W.-Wcontrol signal provided to

t he deu28] of Thﬁbimh’cuimy 4% iadudes fitstisimd sedohd NMOS tkansistsis $41Q randm;lzt her eby

el ec cal ol n m L W| nput. The

W- Rtléonatr ?@hb gﬂtré’i]ﬁ'ﬁv?%’& @g‘lﬁoiﬂl"%‘éﬁ;ﬁ J@ g’l“ o NMOS transi stor
M6 t QAT mupladto'ﬂihal,%ND&hg&b heMbthafib hedd dfmmh@cogﬁtb&to%s sdblb@s transi stor M/
|s the vaol t age Ie tgp]tgoglgt{lesemln the data stored by the storage circuitry

BE ¥olage | Bgevnledia receye st mEeEs cABMSigw! 8Vss applied to the
gat e pRfvidWl on i@rltjlﬁdde E&lﬁohﬁotﬁﬁm& b ngdéﬂf 5/92@3 ccﬁl?lre& Randiy@Npnterval T4, the

stored data is represented by a logic |evel ow) voltage, and M/ is
t ur n@ercotd agefeer SE rade oEMA? istotded to rdceiyethe ﬁ@t‘/\md@t@mmlﬁgmdlgﬁﬁut the read

cycl sm;d@@mx ﬁge cbﬁﬁ’(ﬁﬁde%éf‘h otw@ﬁefﬁeo@@%t@v&sepq 14 -down node B

are nalntalne | evel s can|s orage o c level O
(| owjnode C@Udmmgd ¢ﬁﬁﬂéstanz8ﬁ)$®zvid%ﬂsma setorrd mayletchretrai earld 4¢8.cl e, the vol t age
level on the BL-R bit line, and on output node 33, does not change and

rOlAS EBESOIA KAl A S Bl YRR b iR @ ned above, 1o

and cooperate in the reading o or mat1 on omthe st or age
ci r cOh-Yasys Iigh, mﬂongnmdewenudhagmédﬁrlh;sddm Aﬁatesui’eMmtxsetumai onT4 transi stor Mo

e e W kb
| i neDurfiipmctiensele apgitioh) wiren sens@sd NMOS ikmsiger M1 iShﬁ’nMD:lntaﬂ@&te I evel on the
AT A P T R LN,
t he supply voltage. As aresult, there is current discharge capability is enbanced, 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 volitage somewhat larger than Vpp.
- Figure 8B shows that in a standby mode of operation, first node control signal $I.Vgs goes
-~ below Vss, Vss-AV, 2d §STD is high. As a result, M1 is turned off and M12 is turmed on.
‘The virtual gr_ound at the LVGND node is Vgg-AV. The value of AVisa voltage sufficient to
turn off M5 strongly when M5 is a tlepletion transistor. .

[0131]  Figure 10A shows another altemnative 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 gale of M5. One will appreciate that the driver portion (not 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 circuitry 500 inclodes NMOS transistors 502 and 504. One S/D node of
transistor 502 is coupled to the LVGND node, and another $/D node of transistor 502 is
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storage circuitry 22. [0120] Figure 7 is an illustrative circuit diagram of
a seventh enbodi nent of the invention. Conponents of the seventh

enbodi ment that correspond to identical conmponents of the enbodi nent of
Figure 5 are identified by primed reference nunerals identical to the
nuneral s used to identify correspondi ng conponents in Figure 5. The

enbodi n®tesdzs2Figures 5 and 7 are quite simlar, aednkaosiomat reason, only
aspects of the seventh enbodinment that are different shall be descri bed.

[0121 i cal l the difference. ' Figure 5 and

t hat °%PP%§%§?S§UIY yYoétagehﬁiga?erogﬁsa? Sés?ogr%é\fﬁg?ﬁp%@ t(g%g F\%? i ntnf:ci(agur e 7 are

depl %6&11%[1#1%6{)@““%0@13& & arm’ét:cmseé Jontrblenkey i.e.cthhgatecafdeyite 100pOne Wher eas, t he
corresponding transistors of Figure 5 ar jhary .31 WD_031083872

PCT/ §80ayd996Bnsision sifderrupied mﬁaiﬁpmoﬁaﬁwg%@n@&%ﬂf e use. of

depl g&de%nﬁ%fstdrg@tkﬁé cSpRANCREPRL grdubdRSieS Wk o8 FadsBRUS04iMb) and out put (M,
M7) devices Is avol dance of the use of a boosted voltage HVDD |ike that of

the eorptaditoresntives sefing mode ntrpksipmekduony Benal pravigidina st Wit f erent  types of

transistors, (.i_n.thi | transistors can be inplenented with only
depl 8?“%8#‘3%[%15?1g}eg?%rog%,%ﬁg%g&'i nproved read speed. [0122] More particularly,
in the enbodinent of Figure 5, in order to transfer the data fromBL-W

i ncl By i Figute WBdbowlthat frpart deivesnesieatle dmedignal gl o (Mapt4Vbnwant ed vol t age

degradati on, a boosted,voltage., HVDD, .| in the
enboﬁ?%éﬁms’lgf’agﬁﬁs&és” vés ’%“?%\%gl}lg%noafl aﬁ%de?jggei[% éétgrrrgjr?ffleﬂ ag&gl’depl etion (or

| eak yraaR ACERRRh JFf, Aidthatimial gnonduodais abUdSt Buais\dr¢ iagdistlergsot cal | ed for.
As a result, a special ci r@&gi t. to nergteﬁ?gj boast ed \(pl{va e is not
needégh vizsePnindeesbar {0 Y- R8A E1o8r e fpee HEPA PIYS V5Ean be

elim thd P8 L heishaiasieckest@l frageotsads i n t he enbodi ment
of FlAg Fgglghi S tsg%@%ﬁ?@%ﬁ??ﬁ%‘b%@? mai nt ai r]edli n a standby node, and can
be ahotdderf, sosistoe5efis turmd v, apdihe viraal o pedsds 2t Alss8Y1- by i npl enenting MB
and M7 as depletion transistors, the read speed can be inproved due to

i ”Crgﬁgﬁg Cypd &%—1&6L&&g&@@eﬁwﬁaﬂelﬂr&dﬁﬁéd%ohlaﬁip%amermﬁ&gaﬁ%ol tage. Basically,

si nc letion transistors M, ave | ower threshold voltages, for the
sane voltage gengslor-aBies, endretion of the heosted apdsedvsed sitagrs Are el BovR©y | arger than

that gt QL iiGAR YhoSRNBRE AR of RSk i tichind Wtk e, ot

described herein.

[0135] Alternatively, for example, M5 can be implemented as an ordinary enhancement
type transistor with a 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 Vt enhancement transistors to improve the read speed without the requirement of

Vrefl .

[0136]  Figure li is an illustrative ciirc:u‘it, diagram of a eighth embodiment of the _
inventic;n. “Components of the eighth embodiment that corrgspond 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 Viex. Asa
result, the gates of M2 and M3 are maintained at the same voltage potential. They are at

equipotential with respect to cach other. A value of Ve is selected to canse M2 to tumn on
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threshold voltage is larger. [0123] One challenge confronted with the use
of depletion or | eaky enhancenent device as an input transistor M is that
a depletion device turns on when Vgs=0.0V. Thus, when Mo is inplenented as
a depletion (or |eaky enhancenent transistor), it is desirable to pull the
gate voltage of Mo below O OV to ensure turn off of MS strongly. [O0x24] The
first Swigoebsst# i s coupl ed to Vrefl which is higherrctthaeovses by WVt of:
enhancenent transistor. even t hough stored data is low, .M/ is turned

oL oaPst Soafl nen £ glal%%ﬁféﬁlaéﬂw R R N A

capabialue b§V.f is Mbecaddo Mo a0 datisd MEtcgmhem%m Sroagly Whirslbwadveve drawi ng of a
conve t hat an be ed with data

al. ward lipe_ driver circuit 50
o or dlpetelituagh Boret Py o elopenairigiet S odviits cL8mE LR on ol qure 8B
IS antrbdgyskin@ébrags TadvihngreDfoltdze\ahd biladninglod MMnék StfaLlydpmid ed to the driver

of Fi gure 8A during actjve and standb m)des of operatl on. In order to
f ul | yorase af ey levelaelipgeripimpray s roisepmpnypiyy. 5t datgoyalye stopsdiabnodsy o suppr ess

| eakaggptish bERhintaHe@HBR: M1y dghindt §os@igfelereaﬁkﬁ nbiSe M diheHAWM i3 VO 03/ 083872
PCT/ US03/ 09599 the voltage on a word line (W) to a lower level in a

st andifye Grelyecanss dischargen logeof astorgdygliage Ivelyur e 8A shows a driver circuit 50
conprising an inverter 52 with a PMOS transistor 54 and an NMOS transi stor

56. A0y st ARthdr @lupbfeef BRIV Lol kCRndd thesv Cartp! ed ok alﬁed\émexsuppl y voltage.
A second, SI D of .t he, PMOS devi ce_ 54 ang a_first Sl t he NMOS devi ce 56
S

are ChOgHE LA tARsisor 8izess Va SRkY sEm PR gOlp %&banétafﬂtomei%éew fon second SID of

the NM%@ﬁnﬂ ¥é Efrichicd QUL RAV P eduMbichitalo HAQY REh:RRE82800 The gates of the
an Nl\/m?trglgjy stors 54, ytg,.g are cgﬁ Iefjﬂgto an address node 62 which

pr ov i2diE% VaQHYe suos mempprgelisipicaliy arg sepeajed ra%rw tiee in andpipesaded G mat i on
pr oVingfgnt o the \\%@lﬁ,r@@%mﬁ@ﬂa%mﬁﬁclﬁﬁ 3h Fasltor bin& chgbGdafivedcpf a signal

driven on to t he |nverter 01261 Figure 8B shows that a signal

avs@eﬁrf‘a%ll@gu Roe)ﬂlewéasw,ﬁfﬂw e GO AraiTabiscte cero) ¥a a@e‘fﬁ hshapg@edur i ng acti ve

| ”Ddea%}%&ﬁaﬁ@]&vé%hér%aﬁ%&aéj%tﬂéﬁan&%ogﬂiésng standby node operation. One
advantage to this scheme is that a ovver ground voltage can be used during

st an node operati on w t.hout in speed penal during active
rmde?(ﬁé%r at B framBle % ample. assume that Vrcfﬂs se erEr:Pe% be 192\%;13 ugng z? low-to Euy g

transition such as that illustrated in time interval T1 of the timing diagram of Figure 6, M1
turms on. The gate voltage of M2 is 1/2Vpp, and the initial source voltage of M2 is Vpp.
Thus, the Vs 0f M2 is -1/2Vpp, and M2 turns on. Due to the higher magnitude gate voltage
(Veer=1/2Vpp), M2 of Figare 11 turns 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 Ves=1/2Vpp, transistors
M3 and M4 become self réverse biased. In such self reverse biased state, the Vgs of M3
becoﬁqes 1/2Vpp-Vg, and the Vg, of M4 becomes Vpp-Vp. It will be appreciated that the
value of Vg controls the value of Vi at which the Vs 0of M3 and the V,, of M4 cause both

M3 and M4 to becomé reverse biased.

[0141]  During a high-io-low trapsition like that of time interval T3 with V..q=1/2Vpp,
M4 turns on, and the voltage at pull-down node B drops to Vgs. Whereupon, the source
voltage of M3 also drops to Vgg. Assuming that Vgg= 0V the Vgs of M3 becomes 1/2Vpp,
and M3 turns on. Because of the higher magnitude gate voltage (V,es=1/2Vpp), 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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shortcomng wth the driver circuit of Figures 8A- 8B is that signal cLVSS
has limted current driving capability since it is a generated signal

rat her than a supply such as Vss, for exanple. Due to this limted current
driving capability, the virtual ground node 60 has a nore limted ability
to di scharge current over a given period of tinme. During active node
oper at i wp.,03/6894721 nstance, it is desirable to shut deorusewesd |ine quickly
in order to reduce overall cycle tine. The limted driving capability of

Si gnajp; 4] LVIGs& ahtirde A%4SB-195dviankBon, Ak HERALORIHPY, A1V, thahfi§ers t heT eby
increasing overall "cycle tine. Inthis exanple, cycle time is the sum of

t he al¥d yedome s¢lfmevarss béaseds | Te sush apdf rgvardehéasedstaiee fieofeaoBMgi ven function
(e.qg. d .ke) i F O i the word |ine and
set cllmrc Jgﬁ% ¥A &esa y gf\gs% ? ﬂsej’ a&l&;@% %Egﬂggir ge??%%s@vlj 0\?‘“2?%9 ?DS ure 9Ais a

ci r c windensioadythatriheofalua nf Ykt emals thearaloerbiodi atehich vsr s ¢fiMbandrthe G dri ver

circuj Q0. .Fi 1S a signal .diagramused to explain the operation of
the Sl fel?aﬁséetqo\t})gm\;\%}dﬁ#Oﬁl)eccoé?elr\g/%fse %e%both in active and standby nodes. The
word line driver 400 includes a driver section 402 used to drive the W
cont ri6143] i ndrotT the {uxegothgl parsongiskilled i hogt willwppraclets st aglusiof ¥ukt ry 404 used to
r egul .l ey ! 3 Vs ot i the gate of
WK i tec%gg%%éég%&%%]%@\%%}ﬁﬂ%?%l%@ﬁi iﬁgﬂét?l vergggehc}{ﬁﬁ)(%()r¥k dfggo ?Sﬁgl udes a PMOS

t r angirstidrsufdEniaede ity duiideStive staenapiestiar wiiB&lsoadtisvipgraespect i ve Sl D
junct] I -0 for n..l pter. An KeSS..Sian is provided to a
i et ERRACRR B i R gl S ol RESRSRbANB 0y °, L7 G ver 3
WO 03h083i8AL cREH HE03100B40s U txplits dvoidg selfi2vers@beas Shilditivosle of PMOS
transjstor 406 .is upled to.a VDD .suppl i as..vQal tage source. One SID
node PR d®aiehe e Tplr® 8 B RRRR T I VA A IR Yo ) b as
vol t agediti@de 414. [0129] The bias circuitry 404 includes first and second
NMOS transistors M | and ML2. Transistors ML | and ML2 control the

vol t evel : g&éﬁ, . . N oupled to the
LVG\BQE\;S‘ e, . ugpgn]gt%h%jy_ Eﬂ’%o eaug?_ﬁ %Qfgﬁg@usg{t%ﬁ%% ggit%uppl y bias

vol t agewrdocs with a phnthy ambodahient/pf the ingention T amponents of dhesi nyudti-atafeistosage node cont r ol

OB M TR e e, 0
t o r ecafentifichiey tfiple ptimedidferanosmumetalsidemied] todthd/mgnerals nsed to identify

corresponding components in Figure 5. The embodiment of Figures 5 and 12 are quite

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

[0145]  The multi-state storage circoitry 50 can store data at multiple voltage levels, and
each voltage level represents a different logical state. Each voltage level serves as a steady-
state level which can be sensed using level senéihg‘é;_ircﬁi:ry,'such' as that described below -
with referencé_ to Fi;gure 13. Inone embo‘dim;ant, d'g't_a- can be stored at four d.i.ffq-rent_ voltage
levels, each re-presenthllg a different logic state. The folioWiﬁg table provides and illustraiive

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

Multi-State Storage Example

Data Storage Voltage T.evel Logical State
0.0v 00
0.6V 01
1.2V 10
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provided the first node control node 416. A gate of ML2 also is coupled to
receive a second node control signal 4STD (standby) provided on a second
node control node 418. [0130] Figure 9B shows that in an active node of
operation, first node control signal $LVss is high, and second node
control signal OSTDis low. As a result, M 1 is turned on, and M2 is
tur ned @bfesiddagzvi rtual ground bias at the LVGND nodeth®oddeeVsg vol t age

| evel . During active node operation, when the second NMOS transistor M |
is turned on and thgcﬁythird MOS transistor M 12 is turned off, the virtual
ground node 414 is pled the Vss s ﬂ)ply voltage. As a result, there is
current discharge capability is enhanced, and performance degradation is
r edugidé] ThEradiisevi3 gebleshadidrhgetof nmatiplebBffdrent vblewe emdigeebd by ensuring t hat

t he second N t ransi st.or | is .lar nough to a desired

e RRing g Pt Bttt i ot cubdirh i e N doSefe ven by a

v]?l ta;g:ﬁas&ﬂ&\/hh?ﬂledt&ﬁr@&gnoﬂbmwf)fﬁmaﬁf@?ﬂoﬁpﬁﬁotﬁd’gﬂ%‘ofgh:’l(mtori n a standby m)ge
of operatian, first node ntro i gnal ,4L\/s 0€es e Vss, Vss-AV, an
 oTobis A vk = sale auma Pty ode B 8 Praltied pboi e S PEMR ARG ed o The

Vi 1t ydlso@fcndl 24 cdopRd kiYeNBowosRieBS VSss- (c) V. The Value of AV is a voltage
sufficient to turn off Mo strongly when Mo is a depletion transistor.

[013 i gur.e A sho not.her al ternative, enbodi ~showi ng only a bias
ci rcﬁ*i‘ﬁy %‘F#ﬁ%ﬁ‘?“‘gﬁ\éﬁégméw\f\%rﬂalww ﬂ@ﬁeil'f‘?] gfﬁ F%pgzgﬁoculmfd fhat can be used
t o dpitver™s wﬁéidas |air]])ﬁEd6mnﬁ_ dde B voltgd Mdveldv. antﬁﬁ&n?ﬁniﬁma% Wﬁprg@ftﬁg W : I ]
appregiate that the driver porti ot s can be entical to that
desc?get?g%‘o EVHpe Kt P W@@WPBP@%%'% .eaﬂf’v’@gw yyhe gf’gfhggégi gnal di agram used
t 0 expiter thanldd equapPe DAV, QTdweterdembively, Mislcedlbd ifplebiOfted 4sQ1&R} The bi as

circuitry 500 1 ncludes NMOS transistors 502 and 504. S| D node of
t r an&beicgmenjdransistor obisisn Sy eSSy fﬁ’&ﬁ’i? ”a&ﬁﬁoﬁ%eﬁ%‘ﬁ t‘)é}lt) node of

t r angrosikien offertrt valthe¥ S @331 21 RATAIRA 39 2 9&icion phtitd,anVSS supply

vol t age. ﬁgatﬂe1 of transistor 502 |s, coupled_to recﬁljr\(@la first node

cont T veltagh Zithotk ary: voltagefrep ramBepppiedo fhezate offdsmeRME MY node, i.e., the
gat emRbhdkevdias: i90¢. WiseMsH B AaARy fnsistor 8d i@k olR@ddribspegoupl ed to a virtual

ground node (LVGND), .and another.  SID node of transistor 504 is coupled to
the VAlRg theMg drerheld deltagpoifhs edigrry trpasrlyr ol pe applicd i theggiigt ed to receive a
SeC O MIDdRereRIY £wh b gH R Sf-ARePYr thd GRFH isRkPHihaBfisdd@ndcsaand node

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

[0148] 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 (wriiten) voltage 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 recently input voltage provided o node
28730,

© . [6149] " In apresent embodiment, essentially, the gate of M1 is coupled to storage node °
28/307"" through transistor M8. When MBS is tirned on, the gate of M1 is coupled to node
28/30". Thus, the voltage applied to the gate of M1 is determined by the voltage of Vi
minus the threshold voltage of M3.

[0150]  In operation, 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. An input voltage Vi;=0.0V turns on M4. An input voltage Vi,= 0.6V turns off M4.
An input voltage V;,=1.2V turms off M4. An input voltage Vi;=1.8V turns off M4.
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‘control node, i.e., the gate of device 504. [01331 Figure 10B shows that
in an active node, the 4active signal is HVDD (Vnn+(c)V1l), and the 4LVss
signal is Vss-AV3. As a result, in an active node transistor 5@ is turned
on, transistor 504 is turned off, and the virtual ground node is at VSS.
Thus, there is a discharge path via supply voltage Vss. Conversely, in a
st andby node, the ~ac&e signal is LVss (Vss- AV2), and the 4LVss signal is
Vss- AV {vowbgas3st andby is Vdd. As a result, transigiffcmaedsi s turned off,
transistor 504 is turned on, and the virtual ground node is at Vss-AV3.

[013 e tra-]ow volta LVss can be produced by on-chip or external
negaﬁ&{;ﬂ v@éfsa BL%@?%%‘B%&W@%@W%?VE%WS PrdehitoEsdd and reduced
vol t agatr asoraglal to MY 1he emBRESANS Fodurd 128 theisite b1193 &cbupidd@s M Fglggrl t of the

present .invention, and therefore, are no escri bed herein.
Al t errHEE G EPyRd V%%Whﬁﬁﬁr%qg,ﬁ%foé%hﬁﬂ%mw PLRETHEIRRS thefourexgrRi¢ nar y
enhansegeRicls.t ype transistor wwth a high threshold voltage Vt which can
obviate a need for the circuits of Figures 8A, 9A or 1 OA. In such

al ter ve,configuration, No a ca inmplenepted with | ow Wt
enhar@ngenteF %r&gn%%@%gg%edioﬁﬁ?‘ggv%wcﬂ@e%e dthgﬁlg’gﬂt%?‘ttw&lﬁh t he requirenent
of VM dnd MUGHBE] Vb gropeo LAV BISains dnlwhed Vatallye 0xivr ek it tBHt agr am of a ei ghth

enmbodi. t .,0f i nvent,j an. onept < . th i ght h epbodi nent that
cor r8%’%2&"{0“60@‘5M‘ff%“gfm@b%%%‘ﬁ@ém%‘fﬁw it eoq’fémgiﬂﬁt@ﬂle &€ °Fi gure 5 are

i den®1f iThelefore, Houddthg: apthe s@ckeermeliiastmicec.oMneral s identical to the nunerals
used to identify correspondi ng conponents in Figure S. The enbodi nent of
Fi gurAssd ang; OB oV bt n, only aspects of
t he éig th e#%%&?%gﬁt that'ar’e’bglmf%"g\?’gﬁ%gg‘ﬁ%ﬁgl%%g@ﬁ%@gésr%%‘id. [0137] The
gat estfoForxghahitiesk/Bpat volteass 3lleakiage ourreptibiovgh M3 reafls enméld vpbf age Vrea . As a

r eSUlarpebilRdOB! fherdihe b@tagegag FMB-dcﬂa;n%og?ﬁ V%E?Le@?ﬁveﬁwg ;ahﬁna%‘? vol t age

potential. They are at pot ent’l respe to each™other. A value
of Vis geeter thangs peuel te §.0VeMEauseonV to turn on 35 WO 03/ 083872 PCTI US03109599
nore strongly when a high level (logic 1) voltage is stored by the storage

Circpnsfy 3erv,0s, MealmeoPhdVaEro.l for YELEEY 88 Sits33wha al so cause M3 to
turn o_q] m%r eY]s_t r nlgll y when a | ow | evel %I ogl c 0) vol tage is stored by the
st or g’ keifP '?“tl?& » Y3 tursp fVanyea e Yor 1 84 P Fson fwsmé?e

[0155) - Transistor M8 clamps the voltage level stored at node 28/30” to the input voltage

level Vi, as follows. ‘When M8 turns on with Vi,=0.0V, M1 tumns on. M2 also turns on since

it has Vpp applied to its gate and Vpp applied to its source giving it a Vgs 6f 0.0V. The level
of node B (Vp) 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 Vig to'begin to rise.
above 0.0V, M8 will tum off since its Vgs=Va-Viy no longer will be greater than or equal o
_.0.0V. Thus; Whéh'.Vin=(-L.0V', M8, M1 élld:MQ cbdp_eraté-fb. clamp the voltage at node
$28/30° t0 0.0V even éﬁer'ﬁéhsiStof-MS is-turiied off-and the storage circuitry 50 is
~ electrically isolated frofn the BL-W bit liné. o

[0156]  Similarly, when M8 turns on with Vi,=0.6V, M1 and M2 turh on. The level of
nbde B (Vp)issetat V1 acéording to the biés condition and transistor sizes of ‘M3 and M4.
However, if current conduction thmugh M1 and M2 causes Vj, to begin to rise above the
voltage set by this condition, M8 will turn off since its Vs 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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strongly during storage of a high |evel voltage and of turning on M3 nore
strongly during storage of a low level voltage is inproved noise imunity.
A data value stored at node 28/ 30" can be nmintained nore safely agai nst
possi bl e electrical noise that otherwi se mght nore easily cause discharge
or loss of a stored voltage |level. [01381 Anot her purpose of using V,,a is
to control the VA or VB. As explained earlier, by changing the transistor

Si zes, wWoatdsYD can be controlled. But in nenory gghlsofgshgn, for
exanple, it maybe inpractical, technically or economcally, to change

transj r sizes, to dj ust VA or Sl menory cells typically are
repei‘{”églona?lﬂlfe‘flf’w e“i}ﬂg SPHW&QV&T%&N% %ﬁ?@ WO A e leyeholot her words, a
Seemplﬂl@}HM?l]rfsmﬁbE,‘@JJﬁ@@Qt Vﬂa&ﬁﬁﬁ@?ﬁh@ﬁiaﬁoﬂ@&n@ﬁ@gﬁsﬁﬁfJgiie@@mgy al telr vtA he g
overa For that reason, it .y be nmore desirable to contro an
VB bﬁ“‘LMgnjﬁgﬁl@“?év’\Fgﬁlﬁ I,Iry slofoftaggdey é?dt‘)“'rBag‘ﬁ’éPertﬂﬁHH’ab%?t Ydj usting transi stor
Si zew;,=p.6% Akklto Fdiced KA Cond@EMmUE ML niphe fipplibSvoRtlee BbREvet gr be 1/ 2VDD.

i nsition _such as that ilJustrated in tinme interval

During a Io%{v-t.o- |_§;h tr% :

Ti  of MfHHECaD L}?P?fgtgfe ehd hc o2 st Ve tgboeito itegbovs VoS TiHEtugkale vol t age of M2
IS 1AiB03E,V Adorgheviil Bé froadr @ ef &%ﬂ%@b.@ﬂgﬁlﬁfw%\ﬁmsl.i@d& Mhus, the Vgs of
M is -1/2VDb, and M2 turns on. e to the higher magnitude gate voltage

( Vr e T sagppspte toypamprtherjoliageat nofle 2834751007 nore st rongl'y during Tl than does
M2 of Figure 5 and thereby provides inproved noise inmmunity. [01401 "'

Al so[0188]r i nEjnaly) ihwn MS-tihgdh WithaWisi118IVORE] aASMR iford bn. OXHe 1ettitdinddeef x=1 / 2VDD,

transistors and. M4 becone | f reverse .bi ased. such self reverse

bi as%tjé%tlsasftea,tWﬁ%m §t°o£e§}@“° ‘iﬁ%‘ﬁ&% T?Sf%f)ﬁe\g/ﬁ?Mgﬁﬂh{(}ﬁe %gs of M4 becones
VpD- VE=1.8Y, thwinkewlyle valype keél af pdl-dohvatnodd Teis higatrwiem Gifosddetyxv,gomt r ol s t he val ue
of VD at ich the Vgs of and of cause both . M3 and M4 to
beco%‘éialr'zty\,/\@re goere%ulcgds‘t'a' f”el([)cﬁliéﬁtfmﬁﬁWgorﬁfrﬁ?l%gy?@iﬁf‘ﬁ%wg fion i ke that of
t i mecurebteondkbtioh3hrmgh MI\GGE M2ans2dDDo bediHl td rise Alsove N3, Maidill tie ool t age at

pul | - B _dr.ops_t ss. Were the squrc ol t.age of MB al so
b op i Ry 0 onlr S Reoate ol S Tt e R RS B Svop, ana e
t ur nmddf coBpraeoelamp thelveltdye gihvorde 2R b ¥de gate voltage (Vief 1/2VDD), M of
Figure 11 turns on nore strongly during T3 than does M3 of Figure 5 and

t her @y P kAR, mb ARV Eediti3 il Figurd MPnAR083872 PCTf US03109599

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 regula,tors. These techniques do not form a part of the present invention, aﬁd o
therefore, are notexplained herein. Like_wisre, the‘different voltage levels are read via M7, .

M6 and BL-R as described above with reference to Figures 5 and 6,

N [01 60] : Basicallny, to clamp th§ 'bit‘]i;;;ga dis;iha;tﬁge leve], M7 ¢an be imj;lemented bya
PMOS transistor since bit line voltage can be discharged down only to the stored \.roltage

* 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 VO, V2 and V3, respectively. Circuit techniques used to read different voltage
Ievels from the storage circuitry 50 include the use of a sense amplifier with different

reference voltages or their combinations.
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[0142] Also, during a high-to-low transition, as in T3 but with
Vrefx=l/2VDD, transistors M and M2 becone self reverse biased. In such
self reverse biased state, the Vgs of M becones -VA (assumng Vss = OV),
and the vVgs of M2 becones |/2V00-VA. It will be wunderstood that the val ue
of V,e controls the value of VA at which the Vss of ML and the Vgs of M
cause both ML and M2 to becone reverse biased. [01431 Fromthe foregoing,

personswokbhdsee in the art will appreciate that a paligsg@ieViX can be
sel ected and rel ative si zi ng of M and M2 and of M3 and M4 can be provided

SO asigh&y Pre. noi s uri ive state operation
whi I 2l 40 ac%drrgri/esr ﬁélﬁaﬂ“g%‘”ﬁ € vt gf&éﬁ‘%%@@érfﬁ%m’ﬁﬂl & @%’fhérﬁa“to suppr ess

| eakabresed withethe embaklismnt ofFiguxe 12a Thoenteaeglifie 600aa: 6al thisugont rol  the node
vol t ages, ¥ r,in | f erse_bias condjtians. Adj usting the

val ue %%Sée%%g%%/h% glt}%gdzsf%‘dgﬁs?& pel fourth sepssampider avessfi94u duri ng rever se
bi as to¢ohéli Theoase a@ﬂiﬁéﬂ@lsoﬁn@nﬁ&ﬁrﬁﬂhrbﬁgh&ﬁlrﬂqmw Eadsicus ) sedveamt i ¢ di agram of
a mul CUI c dance with a ninth enbodi nrent of the
i nven#?gﬁtﬁ%g%gneng’gpugfﬁ ?P& ‘f%’évﬁ%rﬁﬁ’é’m@ @i t enmbodi ment t hat
correstpmwdlectteiasdlmmwalnemmﬂmnmoﬁn@fhﬁemoenbodi ment of Figure 5 are
identified by triple prined reference nuneral s identical to the nunerals

used o] deThis o nEARERIBAALLAL, RERUEALE AL FLIYLE. By Fhe enbodi ment of

gures are quite~ sim only aspects of
the rfeplipge leehofmods 23903 plvs ﬂledxrrtshqlmmlta@ruél\m fsantEHmtls agh@sl be descri bed.

O ancl. AU Lphairklh e Heofl ofrord pid & e oofe Gk RS yepp at miltipl e

vol tage | evel s, eac eve ent | ogi cal
st at OEXéhT%‘Ff?fagbﬂ Y@@&ﬂlle\@bwhmBIaE can dischagyin tlﬁ:trﬁdepérﬁioﬁhs Whi ch -can-' be.

sens %edjfﬁb Vrgta%@lg@él oﬁﬁﬂéﬁé?ﬂ)”% A7 r;%&bﬁlf i3 H:t%r}lre&ﬁ?lﬁ v@ él‘lgle .1 bed below with

reference to ure . I'n one e stored at four
di f f SHERMTY F‘F‘Hfgé’ffwhéwﬁ*wdtaeeb?ﬁlpﬁﬂplséémt\ftpmgtl& Wivkdt eslapi levedgi ¢ State. The

f ol | Qe B1.IF0EM @B P41 06, s vouad | g} {er@ red%%(n gp&@q; cor respondence
S

bet ween data storage v tage o] cal ® Mul'ti-State Stor age
Ex anpimisg ialtage b’hlalgBL*Bcﬂatl é’g@allgeiﬁéwjoﬁl O%Jml&yaﬁlerrﬁ}mﬁﬁt@@olﬁgBV01 1.2V10

levels when stored voltages are V2 and V3 are Vip+V2 and Vi+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 Vren set to have a value between Vi, and Vi 'V1. Sense amplifier 602-2 has a
Veets set to be between Vi +V1 and Vi +V2. - Sense amplifier 602-3 has a Vier set-to be
between Vi +V2 and Vip+V3. Sense amplifier 602-4 has a Vref4 set to be larger than

N th+V3 For a certam case, for example, the th}rd amphﬁer 602-3 using Vieg can be ormtted
Assume, for example that the voItage of node 28/30”’ is 0; OV thus the BL-R is discharged to

" Vi Since all reference levels used for the amphﬁers are “hzgher thian Vi, all outputs of sense
amplifiers (SO1, SO2; SO3 and 804) are Tow. Smce SOt -bar, SO2-bar, SO3-bar and SO4-

’ bar are mvertmg signals of the outputs of sense amphﬁers only sxgnal data-00 goes to high.

Similarly, Data-01, Data-10 and Data-11 go to high when the stored voltage are V1, V2 and.
V3, respectlvely

[0164]  Inessence, the clamp circuitry operates as a limiting circuit that limits a voltage
swing on node 28/30™ as a function of an input voltage Ievel V;, 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 Vig (i.e., 0.0V, 0.6V, 1.2V, or 1.8V) most recently
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37 WD 03/083872 PCT/US03109599 1.8v it [0146] Transistor M enables the

storage of nultiple different voltage | evels, each representing a

different logical state. In one enbodi nent, MB conprises an NMOS transi stor

with a source coupled to i nput node 25/30"', with a drain coupled to the

gate of transistor M, and with a gate coupled to pull-down node B. As

expl ai ned above, the source of M3 and the source of M4 are coupl ed at

pul | - dowg op@ge2 B. [ 01471 Thus, t he source of M rgggiéemodn | Nput vol t age

| evel Vj~, at node 28/30"', and the gate of M recei ves a pull-down node B

vol t age. | evel .V L.nh .one enbodi ri ses | etion device that

appl ¥ %%’ dﬁ‘ﬁorf ]H’S%%/ 301 Y fpgutgpniro 9%‘{9“%84% té"ﬂg?e WEIGQWE‘;J\[ Eh"(‘igh MB is greater

t han only fes differeht@x A oltHRMENE havedkérRiciaibédel Vi, tABmIRRatb &oﬂa@@' enented as a
ncenent transi st n ordinar tranS|stor Different MB

| eak

tr anér%lﬂelg'r CghEEe g dhan doyr ﬂggereﬁtr"(ﬁ's"f‘% YRS E?Preﬁqnfl%/ Ry Bt age | evel s to the
gat e differeMllogidthemedVB i s a depletion transistor, an input voltage w thout
any voltage drop can be applied to the gate of ML since the MB threshold

vol t n I’ISI tor i nput vol tage dropped
vol t 't%?l‘é’“i\}ﬁ" fliw egh oqtg Q/IS{G?% bg‘ih ) 8?1}?3‘?@‘%@%& stor will be
appl d@drtm@frmhﬁlegpmeandfscopt hﬁhé\hvenfrdﬁemefMpleeu&ibtﬁehﬂugiau\tehe operation of the

ci rcwltho xn@ma ne efé}asgdl é on trans @_{ t important to
not e TYpes ot {"?é‘ﬁ%?l E‘Eﬁm’oﬁpﬁ"é’ 0A role of MBis to
cont WIamﬁMé mpbcthaggnap@émt@dmtent dfh?gugﬁneﬁmﬁthéﬂalt&ﬁatﬂeffbmﬁmpm of the voltage

]

ofn C the appl.ied,(witfen) voltage to the cell. For
8(?()6pr§v1¥%:e a@%ﬁnglsagﬁrg e %)sr "g{éfl?sevg‘r#g f“cﬂt’e ‘5‘%”? f’%d’ “witten data

(voI @nlg:dm)entsﬁflﬁgm* 4,593 lappll. e&irxcbmultxbhwrgaﬁaes @fes [flisd) sreadj ust abl e and

depe rece ut vol t age ded t node .28/301"..

[014g)%g$edltﬁjap§‘éet§§%f%§rﬁ%% dr ment e%é-l!ées WPl ﬂgwgﬁ"tlée?ﬁ’l ‘1 is coupled to

st or egleBhd¥ bne 284e86d to ettdhroollughhargcﬂmsﬂlsrﬂmged\@cordmy%e]m dvBdits turned on, the

gat e vol.tage applied to the
%Itdl%i of it o gé)r thts r&%’s@ e voeﬁ Power ch%sx%mnm xgib{ehgy

erm ne t hreshol d vol t age
of IVBlde @n@@qre Iaddlmpe}@ﬁnessmanmqwmse@s Wﬁhﬂﬁmﬁﬁ/ﬁ eachaslplitds vol t ages, any one of
the ;togéillgle m&t%ther transistor to write to selected cells that shares the same WL-W,
thereby reducing power consumption. Thus, the foregoing description is not intended to limit

the invention which is described in the appended claims.
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vol tages can be applied to the gate of Md as Vi,1l. Each of the four input
signal voltage levels corresponds to different digital |logic information
that can be stored as indicated in the above chart. An input voltage
Vir,=0, 0OV turns on M4. An input voltage V1 = 0.6V turns off M4. An input
voltage V,,,=l.2V turns off M4. An input voltage V1,,41.8V turns off M4. 38
WO 03/083872 PCTI US03109599 [01511 M3 is depletion (or |eaky enhancenent)
transi siy@hsbda@s turns on when its Vgs is greater ghiaRe@pbssgqual to O OV. In
t he enmbodi nent of Figure 12, the gate of M3 is coupled to effective ground
Vss, which is O OV. Therefore, LS turned on for each of the four exanple
vol tage | evels. [0152] For Vim=a"ov, M4 is turned on and VB becones O OV
the current path through M and M4 causes VB to drop to O OV. MB turns on
when VB fhl | s Apdnt€@ra® cgtuiematisitggnat  poi nt, VB-V; n=0Q OV. Wier eupon, the
input voltage level V;n=O OV is applied to the gate of M . Therefore, the
vol tage at thgsSOMIER LGS, of M is OOV [0153] For input voltages of
Vin=0.6V, 1.2V or 1.8V, M3 is turned on while M4 is turned off. For each
of these input volta a | eakage current through M3 results in a build up
of charge at2HEHEM ngf%‘%@??rot he voltage at pull-down node B reaches a |evel
VB at which VB-V;n is greater than or equal to O OV, MB turns on. [0154]
For V;,, =0 OVz scdhdtNMODS traistshen VB=VO. For Vi n=0.6V, MS turns on when
VB=V1. For Vin-1.2V, MB turns on for VB=V2. For Vin= 1.$V, MB turns on for
VB=V3. [0155], Tra 1L.raml\]/qocl anps the voltage | evel stored at node 28130"'
to the input oTY age Vel i " as follows. Wien MB turns on with V;

,, =00V, M turns on. M2 also turns on since it has VDD applied to its
gate and VDD &gl biasgoltage pads cenpled deea fyishspvrge/drain of thgBrsfMOSOV. The | evel  of
node B (VB) igusab-at VO (e.g. 0, OV) according to the bias condition and
transistor sizes o I\/B and M4. However, if current conduction through M
and M2 causes V;,; ginto rise above QOV, MBwIl turn off since its
Vgs=VB- V; n noaﬁetﬂraéras w“rire 1ode ¢orplsd @ fr%tawrtsrdraéwate send | . O OV. Thus; when.
Vi n=0, Ov, MB,pMibs.and M2 cooperate to clanp the. voltage at node 28130'." to
O OV even after transistor Mo is. turned off and the storage circuitry 50

is electricall ol ate %g it i %15%% Simlarly, when M5
turns on with rd bsﬁs V@t/age Rpee cﬂ'ﬁ’t] °f ﬁ?t?f’ ?ﬁrﬁtﬁg/ﬁtse fist
a fourth bias voltage node coupled to a gate of the second NMOS transistor;

.8 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 couplitng a second source/drain of the second PMOS

" transistor to a first source/drain of the eecend NMOS transistor;

: an_il_t'put”ne-de; -

a storage node cbupling a second source/drain of the first PMOS transistor to a

' second source/drain of the second NMQS traneistor;
an output node;

an input switch coupled to controllably communicaie 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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node B (VB) is set at V1 according to the bias condition and transistor
sizes of M3 and M4. However, if current conduction through M and M
causes Vin to begin to rise above the voltage set by this condition, M
Will turn off since its V. no longer will be greater than or equal to.

O Ov. Thus, when V;,,=0.6V, M5, ML and M2 cooperate to clanp the voltage at
node 28130"' to VI. 39 WD 03/083872 PCT[US03/ 09599 101571 Li kewi se, when M
turns owowbddissYi n1.2V, M and M2 turn on. The | evelcralsosopish| - down node B,
Vs, is set at V2 according to the bias conditi on and transi stor sizes of M
and Ma. For V;,,=1 2V, the vol t | evel node B is higher than
that set by Qﬂcfu,tp“bs“%v’&‘lﬁlgleflg’ féffi‘ebélh eaé@ﬁ&d@?}%‘@e of M4 for higher
appl i ed vol t afiem tdeweyenade td the @tput @at. conduction through M and M2 causes
V;,, to beginto rise above V2,, MB will turn off since its Vg, no |onger
will be eat.gr. O. Ov. Thus, when V;,,=1.2V, MB, ML and M
cooper atgzrto lﬁrfpg%}ﬁfpcmgp%:ggﬁg’t node 28/ 30"' to V2. [0158] Finally, when
MB turns on vvlth Vj"=1.8V, ML and M2 turn on. The level of node B, VB, is
set at V3 acc‘dhftmim@e fiest widpevolidgs sodeandiihe thard bapebltageardé ¢ omplsit zes of M3 and

M4. For t, D@,&% | vel of pull-down node B is

hi gher than t%os}eébge{ﬂﬂ% ,I%tﬁgés%éé te%%%tﬂf@ aghe to reduced channel
conductance of M} for her applied voltage. However, if current

conduct i on t i¥tRghb Mec g polaggrade ang: the fopgh higsgpoliege Bodeise above V3, MB wil |

turn off si %ﬁple&s%ayfobe@ dlmﬁnmkéspéeem%a%w than or equal to O OV.
Thus, when Vim1. R/I M2 cooperate to clanp the voltage at node

28130"" to Vi 0159% her(gflo the multi-state storage circuitry 50 of
Figure 12 can denpEtadelhln two vol tage | evel's, and each volt age

| evel can represent a different |ogical state. The different vol t age

| evel s ar e wwhetedrthg m&bmltgemp@gpad therfouthbiay v@Ggarode Bk sddsand Mo as

descri bed ab 0. Fi es 5 and 6. Circuit techni ques used
to produce tﬁgge%&u%’ gﬁhgan t%%lttmee Ille‘\gtg‘lf:s for V;,; may include the use of

di fferent generators and/ or |nt ernal voltage regul ators. These techniques
do not f6érm ahpamesraisd cirpdl geleigeht i nvention, and therefore, are

not - expl ai ned herein. Likew se, the di fferent vol tage' levels are read via

M', M6 and.whelemfheispd esiohiaibille aligiy ewithtaft doftfBERAGRodperalel gures 5 and 6.
[0160] : Basi cal. | n to clanp the bit line discharge |evel, M/' can be

i mpl ement ed BY°

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 stora ge node from the output

node;‘ and

. the output switch commiunicates a stored data value from the storage node to -
the output node while the jnput 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
wherein the gate of the second PMOS transistor is coupled to the storage node.

6. The integrated circuit of claim 1,
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PMOS. transistor since bit line voltage can be discharged down only to the
stored voltage level plus Vtp, where Vtp is the threshold voltage of PMOS
M/* . For exanple, VI level is stored at the storage part, when the bit
line voltage is discharged to VI + Vtp, PMOS transistor, M/ is turned
off. Simlarly, the bit line can be discharged to VO + Vtp, V2 + Vtp, V3 +
Vtp for VO, V2 and V3, respectively. Crcuit techniques used to read

di ffere@poypsi;age |evels fromthe storage circui tgopRsdofae! ude the use of
a sense anplifier with different reference voltages or their conbinations.

40 WO 03/083872 PCIT/ US03/.09599 1] .Figure 13 is an illustrative draw ng
of a multi-I e\?’gf;relgcgﬁsgétegﬂjg? ?‘W wgégrélsﬂsg’ég C8'§He]a i lhe §OBEE Hdeh t he enmbodi ment
of Figure 12. The sense anplifier 600 includes first through fourth sense

anmpl i fiers 603hdreihthe@dR ofthasedoddiPMOS tansigiaghcduplad tohthesense nadepl | fier drivers
604-1 to 604-4. The sense anplifier also includes first through fourth

NAND gat es 60@]1&8&916%%?5%&01@%@5&51&% SAEPMO Bor BRI BAHE dr! vers 008-1 to

608-4. The various c onents are Interconnecte wn by a network of
i nt erconnect Mich#éhet, 610. [0162] Thus, the maxi mum vol tage which node S can
have is the gate voltage of M/' (voltage |evel of node 28/30"') plus the

threshol d vol #8eButbvithl comnfn R8s Mapul EitatraRMEEIn il i@REhoaE B the AS _€xpl ai ned
above, the voltage of node C is sef g&the witten voltage, VO VI, V2 or

V3. Ther ef or eStorpgraiodernd dgybe pals ofthefis NYIQH tramsiptarang tosteheata then t he r ead
operation is Mond MRS kRSstOlHRER ohﬁels\{}v%itaiism&%@& nodd fnfVs . Where Vip is

the threshold voltage of M/'. Since " is turned off when the voltage
level of S ishperpaess; andko the | owest voltage | evel where BL-R can
di scharge is V. Wien a logic state, VI is stored at node 28/ 30"', the

m ni mum vol t aiyeomit edhitdBlcotdnGiented kS QiR @a vatue ok the Nordge nolidiol arl y, the

m ni num vol ta@e I<§ve4 W n.stor%%r.vcgl taﬂees are V2 and V3 are Vh, +V2 and
Vt, +V3, respe®t PHRyede %%fmlpﬁts s R F s sodetom the BB sense
anplifiers 60&dd to 602-4 are used to sense four different states. Each
sense anplifier has a different reference level. Sense anplifier 602-1 has

a Vren set tophay Nk MEoR en Vtp and Vt,-V 1. Sense. anplifier 602-2
has a eQ set. ?%ﬁ%e@get?/\een tp,+V | and Vq; +V2. Sense anplifier 602-3

has a VT,4, set to be, between V,+V2 and Vg, +V3. Sense anplifier 602-4
has, a Vref 4 ‘ehseinBe figt gnd segand NMQS transistors are depletion transistors; and ‘

wherein the first and second PMOS transistors are depletion transisfors.
8. . The integrated circuit of claim 1,
wherein the first and éetsond NMOS iransistors are depletion transistors; ‘
‘wherein the first apd .s'eco?xd I;MOS t_ransis’tors_ aré‘depletion transistors;
wherein fﬁe'ini)ﬁt switch mcludes at least one enhancement transisto?; and
 wherein thé 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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Vt p+V3.. For. a certain case, for exanple, the third anplifier 602-3 using
V,,0 can be omtted. Assune, for exanple, that the voltage of node 28/ 30"
is 0 OV, thus the BL-R is discharged to V. Since all reference | evels used
for the anplifiers are higher than Vu,, all outputs of sense anplifiers
(SOL, S02% S03 and S04) are low. Since SOL-bar, SO2-bar, SO3-bar and 504-
bar are inverting signals of the outputs of sense anplifiers, only signal

dat a- OOwgasemsd7® high. Simlarly, Data-01, Data-1Gcgpdssieahsa-1 | go to high
when the stored voltage are VI, V2 and. V3, respectively. [0164] In

essence, the anp circuitry.operates as a limting circuit that limts a
vol t age ltgw ngﬂ]eolﬁfg%%t ecnfgli%%‘lmgg’s a function of an input voltage level V;,,

nost recently applied to node 28/30"'. Mre specifically, in one
enbodi ment, t Wherah teppet swoch indlydep gembinesnans typsinpia dpnsistoabl e vol tage limting
circuit that adjustably limts the voltage | evel on node 28/ 30"' Dbased

upon the lil,npuiheqﬁt%grgd%%g@gginl]gvel Vin (i.e., OOV, 0.6V, 1.2V, or |.8V)
nost recently 41 03/083872 PCT/ US03109599 provi ded on node 28/30"' via

input control circuitry 24"' . It wll be appreciated that although only
four differ enthEstnihprettyyiithifdudesdrdiMOR solisnesesht typsdipit bed for V: ", the
multi-state sg@kigge circuitry 50 can store nore than four different
voltage | evels representing nore than four different |ogical states.
101651 Ve%i o] rr]ﬁdi fti ati.ons, to the preferred enbodi nents can be nade

wi thout ‘BepatFPHEF YO PHE R it and scope of the invention. For exanpl e,
in another alternative enbodinment one or nore reference voltages Vref A and
V, ef B can be whewit Hetputewitdhancisicem igfut trdwBistarichviuB 2 firsespect i vely in the

enbodi nent of_ Fi terpative, for ex le, is to provide
an additi onalso‘g%i%@éigg&ﬁeg@;?és{ﬂﬁm?% aé‘é?%“e“ av?néctoﬁgwgcfﬁrg{)nhe wite path of the
enbodi nent s cbuiédja thestorpge ®de Fhd t4 the gate dthe BisiPIO/rhnisispk endvi t e pass gat es

(Mbs) are cqﬂgﬁt? Q021 1 \é\vs'% .he time_in the nenory array,
when W.-Wis ena If)e e elg%%§gﬂ- ?%‘3‘;1% ?ﬁ%agec LEVE 2%eh cell is char ged
or di schar gednatsydichcongotteminab cel | data regardless of its operation. This

can cause unwanted power consunption. \Werefore, by adding one nore

addi tiongd. adglk BSsraidddR&htSE Qbith 120 series with the Mo of each cell, it is
possible to use that other transistor to wite to selected cells that

shares the sane W.-W thereby reduci ng power consunption. Thus, the
f or egoi ng des‘)vg%e%t[q’%\flmt ?”‘%fmfi‘ﬂ‘?sé‘ﬂa'étl‘j‘““tgeﬂle?titmetmp“t transistor. |
14.  The integrated circuit of claim 12, |

wherein the input switch includes an NMOS enhancement type input

transistor.
15.  The integrated circuit o}f ciaim 12, -
| wherein the inI;ut sviritcil mcludes a-_dépletioﬁ tj;péhinpﬁut' transistor.
16.  The integrated circuit of claim 12, o
wherein the input switch includes an NMOS depletion type input transistor.
17.  The integrated circuit of claim 1 further including:
a write bit Jine that includes the input node.
18,  The integrated circuit of claim 1,
wherein the output switch includes,
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the invention which is described in the appended clains. 42 WD 03/083872
PCT/ US03/ 09599 CLAIMS |I. An integrated circuit conprising: a first NMOS
transistor; a first PMOS 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 source/drain of the second PMJS; a third bias voltage node coupl ed
to a gatve oehsssbe first PMOS transistor; a fourth br@mswabivage node coupl ed
to a gate of the second NMOS transistor; a pull-up node coupling a second

source/drain qf Lrst, N transistor to .a first source/drain of the
first PMOS trggg?gﬁ%%?&gm%ﬁ%%§domn node coupling a second source/drain of

the second PMOS transistor to a first source/drain of the second NMOS
transi stor; afsicopsumitpbigrasister, stdor age node coupl i ng a' second source/ drain of
the first PMOS transistor to a second source/drain of the second NMOS
transi stor; apd@dthREbaiode; an input switch coupled to controllably

comuni cate an input data value from the input node to a gate of the first
NMOS transistQr .and to a gate of the second PMOS transistor; and 43 WO
03/ 083872 PCTIEEFsP RS s fﬁmnéatﬁf%éﬂ“f% Eeprieio i diselkEgeol | abl y

comuni cat e apshk @idegdvifed &cohdlsbi@ee/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 contro! terminal.
19.  The integrated circuit of claim 18,

wherein the first and second output transistors are an ephancement type

transistors.
20.  The integrated circuit of clain: 18,

wherein the first and second output transistors are NMOS enhancement type

transistors.
21.  The integrated circuit of claim 18,

wherein the first énd second output transisfors are depletion tsrpe transistors,
22 , ,riﬁegntefg;l‘gted circ;uit of c]alm 18, . .-

. wherein the first and second oufput transistors are an NMOS depletion type.

transistors.

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

24.  The integrated circuit of claim 1 furiher including:
aread bit line that incindes the output node;
a reference voltage source;
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fromthe storage node to the output node. 2. The integrated circuit of
claim1, wherein the first bias voltage node and the third bias voltage
node are coupled so as to be equipotential with respect to each other; and
wherein the second bias voltage node and the fourth bias voltage node are
coupled so as to be equipotential with respect to each other. 3. The
integrated circuit of claiml, wherein the third bias voltage node and the
fourth hicasossekt age node are so as to be equi pot emdti@hsmésbh respect to
each other. 4. The integrated circuit of claim1, wherein the input swtch

and the OUtPU%ﬂé%EM&QmQLﬁmﬁap LiRlkabl e to cooperate such that, the input
switch communi cates an 1 nput data value fromthe input node to the.. gate

of the first NMOS transistor and to the gate of the second PMOS transistor
whi | e t he out gdiest syt Efpsisopead es the storage node fromthe output node;
and the output switch .conmunicates a stored data value fromthe storage
node to the qg&gﬂhm&ﬁd@mwﬂﬁggmthe input switch isolates the gate of the
first NMOS transistor and the gate of the second PMOS transistor fromthe
i nput node. . ﬁ. The uFtegrated circuit of claim1l1, wherein the gate of the
first NVOS tra98PRESPas coupled to the storage node; and wherein the gate
of the second PMOS transistor is coupled to the storage node. 6. The

i ntegrated ci tedirst ogput hrgistor havinga SNDsOB/QSBEPRPIRODT/MIYGEHOB599 wherein t he

gate of the f il DS LLBISI5h 0k SUBLEG ol s Bl oage node; wherein

the gate of t fe" S6co ransistor i's coupled to the storage node;
wher ei n the i sEodstpettehsisordnd hevingtgplgcoupled tathe spregegdd.r ol | abl e to
cooperate such that,

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

bit line and having a gate that serves as an output switch control terminal;

a sense amplifter 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;

r_\.’lvligrein- the input switch ihblﬁdes an i_npi:t trq;isistor having a first
_squrce/drain ,‘c'oupied to the write bitline and having a second source/drain
coupled to the sfdrage node and to ﬂje gate of the first NMOS transistor and to -
the gate of the second PMOS transistor and ha{fing a gate that scrvesasan

input switch control terminal;
wherein the output‘s'\zzvitch includes,
a first output transistor, and

a second output transistor, and

a discharge path,
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the input switch conmuni cates an input data value fromthe input node to
the storage node and 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 swi tch conmuni cates an
out put data value fromthe storage node to the output node while the input
swtch isolates the storage node fromthe input node. 7. The integrated
circui twobs/mbssa m 1, wherein the first and second MJDSsismemsi stors are
depletion transistors; and wherein the first and second PMOS transistors
are depl etiong. i IS : i I j f.claim1, wherein
the first angméé%gﬁgEN&E%mfggﬁggg?%ﬂ%ﬁgggggggﬁg%ﬁg%é?@%ﬁ%ﬁstors; , Wher ei n
the first andraedhavui\EEcond smsk/dtaor @uikdd adispbostce/dnintof tiesi st ors; wherein
the input 'sw i.nel enent transistor; and wherein
t he out put sxe#glﬁo?rﬁ'gtl u zszoradqaeag%géc%)%%u@ﬁ%%%eesﬁa n?drreansi stor. 9: The
integrated circuit of claim1, wherein the input switch includes an input
transi st or hath¢ yvgond opippidransisics hip ey agieennd saung(sikainiconpled théheireidut  node and
havi ng a sec ; ' I -he first NMOS

transi stor aﬁﬁqPﬁ%ﬁﬂgﬁégﬁE*ﬂ?“ﬁﬁggsgggﬁ@“&%ﬁﬁg@%ﬁgﬁéréﬁgr and having a gate
that serves as an input switch control termnal. 45 WO 03/083872

PCT/ US03/ ogsg?gien%r.ﬂpl%r?éfqr FroEng adiderence pettpen agefergpegivaliage Ievifer ei n t he i nput

sw tch incl udgga fad shanerigeMvelt ype i nput transistor, 11. The integrated
circuit of claim9, wherein the input switch includes an NMOS enhancenent

type inp transistor. 12. The infegrated circuit of claim1, wherein the
i nput swllj'%'ch ' &%@%Céfﬁ“ﬂioﬁﬁ]ﬁ‘f“{#‘lgh?%?ﬁlg’r“ghavi ng a first

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.
27.  Anintegrated circuit comprising:
a first NMOS tré.nsistor;
a first PMOS transistor;
a second NMOS transistor;
asecond PMOS ti'anS:is{oi‘; :-

a first bias voltage nede céu'plec_l to a first .sburée/&réin' of the first NMOS -~

transistor;

a second bias voltage node coupled 10 a firét 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 transistor;
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source/drain coupled to the input node and having 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 transi stor and having a gate that
serves as an input switch control termnal. 13. The integrated circuit of
claim12, wherein the input switch includes an enhancenent type i nput
transistor. 14 The integrated circuit of claim 12, wherein the input

swi t ch waelusskes an NMOS enhancenent type input tmransssihsre 15, The
integrated circuit of cIa|n112 wherein the input sw tch includes

a-depl etion tn;%ffldowgﬂ deco ph |stgcr0ndso§ 1 %8%} E%énﬁ?@)%i rcuit of claim12,
|

wherein the i e input transistor.
17. The |nteQMamadwoaﬁmﬂummeﬂmnhﬁﬂnsﬁmEHMMﬁémﬂmhnkuding; awite bit line
t hat incl udes the i nput node. 18. The integrated circuit of claiml1,
wherein the o gntch i ncl udes, 46 WD 03/083872 a first output

transi stor, second out put transistor, and a di scharge path,
PCT/U803/09599 the first output transistor havi a first source/drain
coupl ed to thestaras@pdacgerling atasondseureeidrsin gt the Bis @Sgexans@efp@r ain coupled to

a first sourcglflh ddutbeRbaid H8he SREORBICBULRG 0L F @ansi stor and having a gate
coupl ed to the storage node, the second output transistor having a second

source/drain cougled to the output node and having a gate that serves as
an output swiPEHPEIEF ol terminal. 19. The integrated circuit of claim 18,
wherein the first and second output transistors are an enhancenent type

an input switch coupled to controllably communicate 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 storags
node voltage level determined by a most recent data input signal voltage level;

and

an output switch 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 and -_th'e__third bias voltage node are coupled -
§0 as 1o be equipotential with respect to each other; and

wherein the sccond bias voltage riode and the fourth bias Voltage nodeare - -
coupled so 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.  The integrated circuit of claim 27,
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transistors. 20. The integrated circuit of claim 18, wherein the first and
second output transistors are NMOS enhancenent type transistors. 21. The
integrated circuit of claim 18, wherein the first and second out put
transistors are depletion type transistors.. 22. The integrated circuit of
claim18, .. wherein the first and second output transistors are an NMOS
depletion type transistors. 23. The integrated circuit of claiml further
i ncl udi wgsesas7g ead bit |ine that includes the out patrosegesss 24. The
integrated circuit of claiml1 further including: a read bit line that

i ncludes the - - er e. 47 WO 03/083872
wherein the oﬁﬁ%ﬁyhf&ﬁgb ﬁ?H%ﬁJgéggﬁﬁ%&¥%%ggﬁ%ﬁ@%%ﬁ)?? %%?stor, and a
second out put suwchémsi stor, and a di scharge path, PCT/US03/09599 the first

out put transistor having a first source/drain coupled to the discharge

pat h and_havi 9. GRaNSnaANEAS R ihueQUR B ke Br il fist sour cel drain of

the second output transistor and having a gate€ coupled to the storage
node, the sec Sappdaer and i thsi ssieof thh serpmiP MO kaneisldr wlolgitee/ dr ai n coupl ed to

the read bit, g}u;@avifeﬂ%imﬁésragﬁs?nfr&@wqetébﬁhhéﬁﬁaﬁ?ﬁ%d@%@n output switch

control termn a sense anplirtirer 1or sensing ference between a

reference voltage level and a read bit |ine voltage |evel. 25. The
i ntegrated cithepeut yitcd comupuyicates p dain putpy siel fortkp oupuipade wbil t | i ne t hat

includes the moRYEt sHAGSsolates the gate of the first NMOS transistor and the gate of
the second PMOS transistor from the input node.

31.  The integrated cirenit of claim 27,

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

and

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

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

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

wherein the input switch and the output switch are controllable to cooperate

such that,

the input switch comniunicates a data input signal to the storage node and 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 transmits a data outputsignal to the output node while the

aput 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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aread bit line that includes the output node; a reference voltage source;
wherein, the input switch includes an input transistor having a first
source/drain. coupled to the wite bit- Iine and having 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 transistor and having a
gate that serves as an input switch control term nal; wherein the output

swtch waghhdes, a first output transistor, and g §g&MAEs@UL put
transistor, and a discharge path, 48 WD 03/083872 PCT%%OB/ 09599 the

first output transistor having a first source/drain coupled to the
di schar ge paﬂ]i‘erﬁﬁdharéﬁia?@se%f’ngg@@'?dmg%ﬁ?r&%TFH?péﬁt‘ﬁ“ EBSSOEd to a first

source/drain of the second output transistor and having a gate coupled to
t he storadfe ndtemtephed sicndniclant?put transi stor havi ng a second source/drain
coupled to the read bit |line and having a gate that serves as an out put

switch controlt 1 ; (%qpl i.fier for sensing a difference between
a reference V(k)vlhtjrg%girl B%aﬁe%ﬁgﬁg/l reaa(rj‘s’li:)t?rfq aﬁeid?Pelet\?BF?lﬁ’ﬁtg’rsr evel . 26_ The
integrated circuit of claiml further including- a wite bit line that
i ncl udes the ™hpein thedied andgeqopd MBS trapsistres arhdepletinctransigerst he out put node; and

precharge circuitry coupled only to the read bit line. 27. An integrated

Circuit conpr ivhreig theduphi switkh MYERS b 1@RSINS btfancemBut flafislo,RMPS transistor; a
second NMOS transistor; a second PMOS transistor; a first bias voltage node

i r r.ai f the fir NMOS
coupled to a Iwhérgi}l th%: gu 1%%4&!1 chainc udgs at Eease‘z one enigncement transistor.

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 sccond
PMOS transistor and having a gate that serves as an input switch control

terminal.
36.  The integrated circuit of claim 35,
wherein the input switgh includes an enhancement type input transistor.
37. The integrated cirenit of claim 35,

- wherein the input switch inclides anNMOS enhancement type input

' trarisistqr., )
38,  The integrated-circuit of claim 27,

wherein the input switch includes an input tranéistof 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.

52



transi stor; 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
transistor; 49 WO 03/083572 PCT/ US03109599 a pul | -down node coupling a
second wouseedslrain of the second PMOS transi st orpcir@sesnobdes St source/ drain
of the second NMOS transistor; an input node; a storage node coupling a

second so4y. celrds iepraRfl cdad of b15imt3gPMOS transistor to a second source/drain
of the second NMOS transistor; an output node; an input swtch coupled to

controll ably comuni cate fromihe i npde to,.a gate of the first NMOS
transi stor an88F8n§m§§P§“%%gFﬁ@R§€ﬁ %ﬁ@%@ﬁ@?ﬁ@@%‘%? a data input signa
t hat can haveuranigonf nultiple prescribed input signal voltage |evels;
limting circuitry coupled to limt the storage node to a prescribed

st orage ‘ﬂodeTMOIt e Levgbﬁget%gnined by a nbst recent data input signa
' p

e integrated circiy ;
vol tage | evel ;" and an ou %1 ch coupled to controllably comruni cate

fromthe storage node to the output node a data output signal indicating
t he det er m newhetein the gentrvdieh inglodes adepldtiey pe in@i8 trafféisiori nt egrat ed circuit of
claim 27, wherein the first bias voltage- node and-the third bias voltage

node are Louptrgbntecrais®ciRSit bkl 3¢qui potential . with respect to: each other;
and wherein the second bias voltage node and the fourth bias voltage node

are . . . . .
wherein the input switch includes an NMOS depletion type input transistor.

43.  The integrated circuit of claim 27 further including:
a write bit line that includes the input pode.
44,  The integrated circuit of claim 27,
wherein the output éwitch includes,
a first output transistor, and
a second output transistor, and . -
- adischarge path,

the first oﬁtput ﬁansistqr_haviﬂg a first séurée/draiﬁ coﬁi)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,
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coupled so as to be equipotential with -respect to each other. 29.. The
integrated circuit of claim27, 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. The integrated circuit of claim27, 50 WD

03/ 083872 PCT/ US03/ 09599 wherein the input swtch and the output switch are
controllable to cooperate such that, the input switch comruni cates a data

i nput SyweRakssdz® the gate of the first NMOS transigh@kaandet o the gate of
the second PMOS transistor while the output switch to isolates the storage

node fromthew@bﬂeigltﬁeﬂ?ﬁ%se&ﬂgoﬁtﬁﬁt&éhwarémemﬁ&& i cates a data out put

signal to the output node while "the Input swtch 1sol'ates the gate of the
first NMOS tr&Asis®teor and the gate of the second PMOS transistor fromthe
input node. 31. The integrated circuit of claim27, wherein the gate of the

first NMOB. tr ansihel@icd bifcuft otidli@dat 0 the storage node; and wherein the gate
of the second PMOS transistor is coupled to the storage node. 32. The

integrated circui.t of. claim27, wherejin the e of the first NMOS
transi st or isWﬁ%ﬂﬁﬁ‘@@#@%tsﬁcé’nif"ﬁﬁ"’égﬁlsﬁwfé’feNﬁﬁé@éﬁ?@f"ﬁ@%’éte of the second
PMOS transi st gnsissrscoupl ed to the storage node; wherein the input swtch
and the output switch are controllable to cooperate such that, the input

switch cq niﬂ%3 €52 dat@oticpa[]augwsi gnal to the storage node and to 'the

gate of the firs transistof” and to the gate .of the second PMOS

transi stor while the output switch isolates the storage node fromthe
out put  node; Whgaein the Ersband serpndsauitnue ansisiarssre degletin diae frasistoput  si gnal to the
out put node while the input switch isolates the storage node fromthe

i Nput NOA®, . The integrated circuit of claim 44,

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 transistor is an NMOS transistor.
51.  The integrated circuit of claim 27 further includiﬁg:
 aread bit line that includes the output node.
52 " The j;"xtegratéd circuit of claim 27 ﬁn’ther including:
a fe_ad bit line that ihclpdes the 01-1tput node; )
a refer_ex-u.:e voltage source;
wherein the output swifch includes;'
a first output transistor, and
a second output transistor, and

a discharge path,
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33. The integrated circuit of claim27, wherein the first and second NMOS
transistors are depletion transistors; and 51 WO 03/083872 PCTI US031 09599
wherein the first and second PMOS transistors are depletion transistors.
34. The integrated circuit of claim27, wherein the first and second NMOS
transistors are depletion transistors; wherein the first and second PMOS
transistors are depletion transistors; wherein the input switch includes
at | easyoeiRisgnhancenent transistor; and whereinepches@uisput sw tch

i ncludes at | east one enhancenent transistor. 35. The integrated circuit

of claim 27, wherehiipd: H%sisfapwn?%kgﬁu}c@@}aﬁ%m&m kR Riddhateb@NSi stor having a
first source/drain coupled to the input node ‘and having a second

sour ce/ drai n Patioipdiheing pseednd sqreiiras coppled Piadist squeraivedfisi stor and to the
gate of the S&E%Qm}pﬁ’%ﬁt&%ﬂ?ﬁﬁﬁ?gégﬁ@gouBﬁH {1k @orggg’h@de'f hat serves as an

i nput switch control  termnal. The™ I nt egr at circuit of claim 35,

wherein the input switch includes an enhancenent 'Ita.%/(?e i nput transistor.
37. The i nt egthatesendauipgtiransiger baying dieamd sqyiesrdstimequpled fofisgeadswi t ch i ncl udes

"an NMOS enhaneerend hdwhe chid Bt servbs 8 38 biiifi bwitcBBontb@miinti.egr at ed circuit of
claim 27, wherein the input switch includes an input transistor having a

first source/drain f:ﬁ)u[})l ed to %ge ingut node_and h]avi Pg a second

sour ce/ dr ai n +EBT1ALRIES o ensing p hiffEencs By e arelernieyatagale®elor the first NMOS
transi st or anshdia@eadbl@ngwditeeeddvel he second PMOS transistor and having a gate
that serves as an input switch control termnal. 39_ The integrated

circuit %E, cl -eqﬂt‘?gsrﬁﬁy\@u%{ﬂ?&ﬂlagnb%,i nput switch includes an enhancenent type

i nput transistor.

wherein the first output transistor is a PMOS transistor; and

wherein the second output transistor is an NMOS transistor.
54. The integrafed 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 referepce vo}tage source;

wherein the input switch includes an input transistor having a first

' source/dfai}n coupled to the write bit line.and having a second source/drain
C(_)ﬂpl&;d t_o_fhe sioragé node-an& to the gate of the first NMOS transistor and to
the gate of the second PMOS trans'istor- and having a gate that servesasan

~ input switch conﬁol terminal;
" wherein the output _s&itgh includes,
a ﬁfst output tran;is‘tor, and | .
a second output transistor, and

a discharge path,
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WO 03/083872 PCT1US03109599 40. The integrated circuit of claim 38, wherein
the input switch includes an NMOS enhancenent type input transistor. 41.
The integrated circuit of claim38, wherein the input switch includes a
depletion type input transistor. 42. The integrated circuit of claim 38,
wherein the input switch includes an NMOS depl etion type input transistor.
43. The integrated circuit of claim?27 further including: a wite bit line
t hat i nghufigss he i nput node. 44. The integrat ed pgipiySidfodse®f cl aim 27,
wherein the output switch includes, a first output transistor, and a

second out put tﬁerfﬁdﬂﬁﬁl?ﬁt%nsisﬂﬁﬂaﬁ@ aGir§ GhideGitaiadubled follig didchdge out put
transi stor having a first source/drain coupliﬁd to the dj scharge path, and

havi ng a secom#bauiliaag yFeaend seBeryirap cqugled trg fresowes/frapPidb&i n- of the .
second out put sicb@itnipst Phsi@RCnMBMWINRG gdtedalpRdePUPkiedod dé,he st orage node, the
second out put transistor having a second source/drain coupled to the out put
node and haviag a gﬁte t hat, serves as an out&ut S '%gh coq&rol ter m nal

45. The i nt egf&SEqEIRUFausigpr avigg AFed SQITEY SR PRI S PRTEd switch t he

out put si gnal v iUl §85nea pdie BEDRHGEast@ bhtpatisghél contretGermibhle | Nt egr at ed
circuit of claim44, 53 WO 03/083872 PCTI US03/ 09599 wherein the first and

second out put transistors are an.enhancenen e ransistors. 47. The
i ntegrated ci ?Eﬁf'atmé’?lh%rl ‘érisenl%sﬂlﬁ,a%\l/fi%erméel i %‘El?e?e;{%fe\g)trlltageg'eevggnd out put

transi st ors amnel Adddditdinbestiegiersd. t ype transistors.
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 cireuit 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 volta,ge level by,

turning on the first NMOS transistor when the'.s_tor;age__node 15 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 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

second node.
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48. The integrated circuit of claim47, wherein the first and second out put
transistors are depletion type transistors. 49. The integrated circuit of
claimd44, wherein the first and second output transistors are an NMOS
depletion type transistors. 50. The integrated circuit of claim44,
wherein the first output transistor is a PMOS transistor; and wherein the
second output transistor is an NMOS transistor. 51. The integrated circuit

of cl aiwpdsfsfsyy ther including: a read bit |ine thatrigehssses the out put
node. 52. The integrated circuit of claim?27 further including: a read bit

l'ine thatginghy émﬁﬁgl H%PME .a reference voltage source; wherein

t he output swi tch™i ncl u |rst out put transistor, and a second out put
transi stor, and dlschar e path 54 WD 03/083872 PCT/ US03/ 09599 t he fir st
out put transNé@@tﬂfthWqﬁ@“ﬁ fsicpupleddp PR Eas dF dathines sighable % t he di schar ge
path and havigpg.a,5ecppd source/drain coupled to a first source/drain of
the second output tTansi stor and haV|ng a gate coupled to the storage

node, the second. output tran5|sto a se source/drain coupled to
the read bi t"hFERdhclpRitneATFHEY Bely %¥%E3“§@FW g@ an out put switch

control termMsfade/drdin &ﬁPJ@&to&l‘fG)éaiefofﬂié ﬁfsommnﬁnsr@or,amdi a‘sfewhence bet ween a
reference vol tage | eve

and a read, bit ne voltp 53. The
i nt egr at ed cis‘?‘E‘iﬂ'dFa“b?‘mElF%ﬁoﬁﬁ‘@?’ag\ﬁﬂ%‘tﬂeﬁ“ﬂWﬂthég?tFF%“P gfi’t“p ransistor is a
PMOS transi sggsnnsed wherein the second output transistor is an NMOS
transistor. 54. The integrated circuit of claim27 further including

60.  The integrated circuit of claim 27,

wherein the Emiting circuitry includes a fifih 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

wherein the input switch is coupled to provide the input data signal to the
second source/drain of the fifth fransistor.

61.  The integrated circuit of claim 27,

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

and .

wtmfeitt the gute of the .secpnd.'PMOS transmtortscoupled to the storaée r_to.dc. '
62. The iﬁtcgra:éq_éirt:uit'qfctama 27,

Wherem th_é g‘ptp of the first M\dO'S_fféﬁsistpt-ts' dpupled tp the storage' notlé; ‘

wherein the.gate of the.sécon.d fMOS ti‘anststor 1s coupled to the storagé 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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awite bit line that includes the input node; a read bit |line that

i ncl udes the output node; a reference voltage source; wherein the input
switch includes an input transistor having a first source/drain coupled to
the wite bit Iine, and having 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 transi stor and having a gate that serves as an i nput

sw tch woMkalk, termnal ; wherein the output swtclhciigbmdas, a first output
transi stor, and a second output transistor, and a discharge path, 55 WO

03/ 083872 PCTLASAMOARA LA LLb B o Ak AP ABARIcalaying 2 [ s

source/drain co e distharge " path and ng a second
sour ce/ dr ai n tbough teeififthoraasiftor st source/drain of the second output
transistor and having a gate coupled to the storage node, the second out put

transi st Qs haylonfeRuSREaNCbEat SRR fo tiBlpibuliBe igur ead  bit I ne and

havi ng a gate that” serves as an output swtch'control termnal; a sense

ampl i fier forvoliessdvelyingluds wplsple preeripw dijswte isput efliagedpis. vol tage | evel and a
read bit line voltage level. 55. The integrated circuit of claim 54,

wherein tghe fiyeglieopitddRbbtuitdranst stor is a PMOS transistor; and wherein the
second output transistor is an NMOS transistor. 56. The integrated circuit

of claim 27, erein the limting.circuitry includes a switch coupled to
Lurn of f t he TIFFEYIRC YRS FHoiRG el 4ot LoBIrboE ShgP M Eo%Ebr age node
reachi ng t he nded £ Migidaeshinedtsdraggods odlapyaldiage | evel . 57. The integrated
circuit of claim?27, wherein the limting circuitry includes a switch

coupled to ¢ lt@%g Enbﬁle W transistor when a pull-down node voltage storage

node is below a most recent data input voltage level; and

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 _cIaﬁm 27,
wherein the gate of the first NMOS transistor 1s coupled to the storage node;
wherein the gate of the second PMOS transistor is coupled to the storage node;

- whetein the limiting circuitry includes a switch coupled to clamp the storage

‘ node at the determined storage voltage level by,

turning on the _ﬁ?r;t NMOS -t;a_lnsisto‘i*,yirhén _apul!—den node voltage storage

nbde is below a most :ec;en;c. data input Voltagé Iewl'f_el; and

turning off the first NMOS transistor-if the pull-dovn node begins to rise

above the most recent data mput voltage level.
66.~ The integrated cironit of claim 27 frther including;

a write bit ]ineithat 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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node at the determ ned storage rode voltage | evel by, turning on the first
NMOS transi stor when the storage node is below the determ ned storage node
voltage level; and turning off the first NMOS transistor if the storage
node begins to rise above the determ ned storage node voltage | evel. 58.
The integrated circuit of claim27, wherein the limting circuitry includes
a fifth transistor with a first source/drain coupled to the gate of the
first NYOBdsisansi stor, with a second source/drai pesRuBhesh t0 the storage
node, and wth a gate coupled to the second node. 56 WD 03/083872

PCT/ US03/[ 095 .59.  The in rajed circuit of claim27, wherein the input
switch iégcou Fg%%Fgﬁﬁwggfggggﬁg’data i nput signal to the storage node;
and wherein the limting circuitry includes a fifth transistor with a first
sour ce/ dr ai n wheusipl teeimpub switsh isparmiedde propide e dada nppisignal fodhgsi stor, with a
second sour in coupled to the storage node, and with a gate coupl ed
to the pu||_%§%%%ﬂ%%ﬁ§8 60. The integrated circuit of claim27, wherein the
limting circuitry includes a fifth transistor with a first source/drain
coupl ed to t Héergtee opitmaracyiiry welodgymEap franssios Vi atifi t h a second

source/ drai ns&ﬂ&%ﬁﬁic&me&&% RIoRAE FRONBIOSAREkir] WitPs @akhe coupled to the
pul I - down node; and erein the ig@ut swtch is coupled_ to provide the

i nput data sisepesfdraipcqupled todkestnsege Berisr 24 pat giepte strlep @ s ¥l ¢ r ansi stor 61 .
The integratgdychdeuit of claim27, wherein the gate of the first NMOS
transistor is coupled to the storage node; and

60.  The integrated circuit of claim 27,

wherein the limiting circuitry includes a fifth transistor with a first
source/drain coupled to the gate of the first NMOS transistor, with a sccond
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 somrce/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

wher'eiﬁ the gzate of the s,ecltond PMOS trans1stor1s ;éupled to the storﬁé§ que.
62.  The integrated st of claim 27,

wﬁéreiﬁ the g‘ét;-Of thie first NMOS ff.aﬁs‘isiéi;i.s' c;)upled to the storage'ndde}

wherein the.gate of the‘se'con'd -PMOS ti‘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 iransistor, 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 gate of the second PMOS transistor is coupled to the storage

node. 62. The integrated circuit of claim27, 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 limting
circuitry includes a fifth transistor with a first sourceldrain coupled to
the gate of the first NMOS transistor, with a second source/drain coupled
to the ‘gég_‘rn%g;% node, and with a gate coupled to tRgypikhessdown node; and 57
WO 03/ 0 9 PCT/ US03/ 09599 wherein the input switch is coupled to the gate

of the first [ ans,i r- . th e fifth sistor 63. The
i ntegrated ci‘?fceﬁeil%é]% pgtlsﬁt% lic?ou\?\%g{r'&g?eréaﬁhoéihﬁlg Sttl p (gsncrpmrlsé%%rri bed i nput
vol t age | evel throngictheififth trankittopl e prescri bed di screte input voltage |evels.

64. The integrated circuit of claim?27, wherein the limting circuitry
includes @ swyl.ch.£oupked: 3Qi.ah 2 PhdbenshRidR : the determ ned

st or age r?g'de%%?t%e%ve} bf, turn%ng.on tt_ﬁe%fﬁsg{s%tggﬁ% transi stor when a
pul | - down nodelisasievalgachilomaiyple preerdibed dischatd ioput vollapsievelsecent dat a i nput
voltage level; and turning off the first NMOS transistor if the pull-down

node begighs UhefidtRatedtROMEorlclin DSt recent data input voltage |evel. 65.
The integrated circuit of claim 27, wherein the gate of the first NMOS

transistor is coupled to the sto e node, erein the gate of the second
PMOS t r ansi st®gF" %‘&ala%amtﬂ&ym@%%ﬁ&w COHP}%P clapRdESiorES t he |initing

circuitry i ncaloiéifheadetsmiticaRtoepppidedoitage Rv@BP the "storage node at the
determ ned storage voltage |level by, turning on the first NMOS transistor

when a pul | -qovvn Qo&!lgﬁ}/s? agstié?&%gg nlﬁ?gowin%oﬁel gwe%mrrg)gt recent data
i nput vol tage ev el e aha turnl ng of THRY TS e  stor, if the
pul | - down nodeddietilens a tnpstrécsie datapputeroltdpe lavelséndr ecent data i nput vol t age

| evel .
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 cirenitry includes a switch coupled to clamp the storage

node at the determined storage voltage level by,

turning on_the.ﬁ'i{st NMOS frgnsistoy __\‘r@fhgn_ a pull-down node voltage storage

nbde 1s below a most r‘e(.:enizrdata_ Input VOltagé le{r_el; and

tuming off the first NMOS transistor-if the pull-dovim node begins to rise

above the most recén_t data mnput voltége level.
66.:- The integrated circuit of claim 2’} fﬁﬁher inchading:

a write bit line that 5nc]ﬁdes th?: input node;

aread bit line that includes the output node; and

precharge circuitry coupled only to the read bit line.
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66. r The integrated circuit of claim27 further including: a wite 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. 58 WO

03/ 083872 PCTI US03/ 09599 59. The integrated circuit of claim 27, wherein
the input switch is coupled to provide the data input signal to the

storage node; and wherein the limting circuitry includes a fifth

transi sggi;ad @ first source/drain coupled to theygahs.of the first NMOS
transistor, wth a second source/drain coupled to the storage node, and

with a ggte Cgﬂgﬁgf%%%e%sﬁgta{?Hﬁégfajéag%hitriﬁlﬁitﬁing@q}rstmﬁ)g #hagbat ed circuit of

claim 27, wherein ting circuitry includes a fifth transistor with a
first sour cevithrafirst soueeshain(10) cordedgae Ersblfias deliageinpdet a fYRIOS transi stor, with

a second  SouiGad fiidds G Bkt bl LRAAID Sl ROV Lh a gate coupl ed

to the pull- "down n erel e input switch is coupled to provide
t he i nput dattensstgrias fisS/Dlobthe SstiINAS sensistvs/2de@hhNMOSt he fifth transistor.

61, The i nt eqralGdl. SLLGH PR bl dh ik GO Ghiled 3G sGBARRS the First NMOS
transi stor is coupl ed 10 e storage noée; an erein the gate of the
second PMOS twolays netepa pullsiowe npleaduriiog ¢ kreorgltSHP atfbe seoudd PME®  The i nt egr at ed

circuit of Clt%img%tézoa%tesrlﬁioPthé\%@orﬁWO%%m%ﬂﬁrfaisgoﬁ%%ﬁ\&fgs' transistor is

coupled to the orage node; erein the gaté o e second PMOS transi stor
i s coupl ed t cotfliog stcooma el nithiefisiiiM@Birmsisiaetolaisepond $ of thecui try i ncl udes a

fIreh transt sbora iMdS bl ihe oipil-GeAbAMD sEOMRORYAR RS, gate of the

first NMOS transi's a se drain coupled to the storage
node, and wi tgateaf HateeomsidMPRidnsictor, the mpthpd 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 the supply bias voltage to a gate of the first PMOS tranststor;

providing the effective ground bias voltage to a gate of the second NMOS

transistor; and

imparting a digital input signal having a fixst voltage level or a second voltage
level to the gate of the first NMOS transistor and to the gate of the second
PMOS transistor a1_1& to the storage node; '

wh_érein a first '\;ql'tage 13_{161 dlgltal inpuf _sfgnal causes turn on the first NMOS
. transistor and the first PMOS ﬁans‘istdr and reverse biasing of the second -

NMOS transistor and the second PMOS transistor; and

wherein a éecénd vdltage le\.;el di.gital fnpﬁt signal causes turn 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 inchiding:
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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down node; and 57 WD 031083872 PCT/ US03/ 09599 wherein the input switch is
coupled to the gate of the first NMOS transistor through the fifth
transistor. 63. The integrated circuit of claim27 wherein the nultiple
prescribed input voltage levels include multiple prescribed discrete input
voltage |l evels. 64. The integrated circuit of claim27, wherein the
Iiniting circuitry includes a switch coupled to clanp the storage node at
the det V\ﬁglzstorage node voltage level by, turpipgsRilesbde first NMOS
tranS|stor en a puII-domn node vol tage storage node is bel ow a nost
recent data |%% go g .evel; and turning off the first NMOS transi stor
if the pull-do |’¥ to rise above the nost recent data input
vol t age | evel . 65 The |ntegrated circuit of claim?27, wherein the gate of
the first Nl\/%ntinm‘sﬂtsgedwelcs”t}@otsrmgenbd@@fhﬂh@e §tsbF Qe tamseitorandaher ei n t he gate

of the secondy PHEbRASHAN Pl hind S L0k G G805, ede:  uhereln, Tt he

limting circurtry 1ncludes a swtch cou he storage node at
t he det erm netle semmdai@éOS/uﬂrmlag@rél@me Hiﬁ,%@d if the nmpalgmoﬁtertlhmaxtqdrast NMOS

transi stor V\hﬁ[gt‘%hg\%lk%vé VPQJFS g}l(?ge storage node is below a nost

recent data input urning off the first NMOS transistor,
if the pull-down node begl ns to rise above the nost recent data input
vol t age | evel segdng 2 voltagsdevelof g starageinade wbik the espond NG apsistgr t her i ncl udi ng-

a wite bit |jenl s@c%hdi)ﬂ@h‘&%ﬁt&&%tdrﬁ&% BPESHANE haldislor | | N€ that

i ncludes the output node; and precharge circuitry coupled only to the read
bit line 58 adindireSMOs amirasoerssBsdalhe mparta e fsparsé cessi ng an

integrated cijGkinhivhiteh 1k g@tglgph{%aﬂ.\llvos transi stor

70.  The integrated circuit of claim 67,
wherein the first voltage level 1s the supply 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 voliage 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 fransistor; a second NMOS
transistor; a second PMOS fransistor with a first $/D coupled to a second bias
Voltage node; 2 pull-down node coupling a second 8/D of the second PMOS
transistor to a first /D of the second NMOS transxstor a storage node
coupling a second S/D of the first PMQS transistor fo a'second $/D of the

second NMOS ‘transistor and couphng a gate of the first NMOS tranststor to a =

gate.of the second PMOS transistor, the method comprising: .

providing a supply bias voltage to the ﬁrs_t bias x{oltage 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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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 SID of the first PMOS transistor; a second NMOS
transistor; a second PMOS transistor with a first SID coupled to a second
bias voltage node; a pull-down node coupling a second SID of the second
PMOS transistor to a first SID of the second NMOS transi stor; a storage

node ' a second SID of the first PMOS trapghst@indh® a second SID of
t he sg‘ggﬁ%ﬂsﬁ%as transi stor and coupling a gate of the first NMOS

' - - | h hod i sing:
transistor to %&d&gﬁoea e de %s&%&i’ﬁﬁoﬁ%&&%’}gﬁ%&%t 0%, et hod conpri si ng

providi-ng a sBp bias voltage to t rst ‘bias vol t/age node; providing
an effective getwemdhdrupdy biad oligge lavel andthe sBabvekriind biaywditagige node;

provi di ng thele%!{ip&'dy 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 inparting a digital input signal having a first voltage

| evel or a setwensingedisideenput signel having ¢ fwst wwiegs leypl arlaeccpiidwitagdMOS t r ansi st or

and 10 the 9aicdf ul b SaRANE mPYERLKANSIS B ek Qe StoTage node.

wherein a first voltage leve I nput si causes turn on the first
NMOS transi sPMOSdnosistdrend o thetstoRO®der ansi st or and reverse bi asing of the
second NMOS transistor and the second PMOS transistor; and wherein a

second vol tag@héraﬂebrs@w%geabveiagminﬁtg@aa}c@@&%ﬁﬁomemmm@e second NMOS
transi stor and the second PMOS transistor and reverse biasing of the first

NMOS t r ansi st tinsigierandjihe first PRMOSHonsisteragdsygsedyiasing ghthe sepeddnet hod of ¢l ai m 67

further incl ugMeg traafiti&land 16 sebRAIPMIDS hiibigtod kdd, sensing a vol tage | evel of
t he storage node. 69. The nethod of claim67 further including: 59 WO

03/ 083872 PCTIUSQ3/ 09599 after the step.of inpartin sensi ng, a voltage
lovel of the ¥PBPAAECHEertEsIe Gta IhTT ugah b Lt Edand:

NMOS transistor and the second PMOS transistor and reverse biasing of the

first NMOS transistor and the first PMOS transistor.

72. The method of claim 71 further including:

after 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,

sensing a voltage level of the storage node while the first NMOS transistor and
“the ﬁrst PMOS transistor ,‘a're turned on and the second NMOS transistor-and
_thé secoﬁd PMOS ﬁ:aﬁsiéto; aré reverse blasedlf the inipartiﬂg stép fmphrtéd a
ﬁ.rst _vo]_ta;ge level ﬁigita_l_ mput si'gnal;‘and o o | A
sensing a voltage level of tﬁe s;torage néde while the _ser,;ond‘ NMOS transistor
and the second PMOS.ﬁan.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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the first PMOS transistor are turned on and the second NMOS transistor and
the second PMOS transistor are reverse biased if the inparting step
inparted a first voltage level digital input signal; and sensing a voltage
| evel of the storage node while the second NMOS transi stor and the second
PMOS transi stor are turned on and the first NMOS transistor and the first
PMOS transistor are reverse biased if the inparting step inparted a second

vol t ag v igital input signal. 70. The integratRe;pbssuit of claim67,
wher ei ﬁw{)ﬁ%{ﬁ%ﬁﬁgst voltage |l evel is the supply voltage 3evqel; and wherein

the second voltage level is the effective ground voltage level. 71. A
met hod off5.ac Jdws itegrptedirguifiofelpist Bel circuit including a first NMOS transistor
with a first source/drain (SID) coupled to a first bias voltage node; a

first PMOS tyiaRsi thd @btvoRaghd Whblidthe HOHIE veIOUPkiaNg a second S/ D of the .first
NMOS transistor to a first SID of the first PMOS transistor; a second NMOS

transistor; a second P transistor wiith a first SID cqupled to a second
bi as vol t age'lsEs ,esamggi‘s’?ﬁaa% 1 e mﬁﬁowvgﬁﬁ%gggdmél D of the second
PMOS transistor to a first S/D of the second NMOS transistor; a storage
node coupl i nehemingaefan|voliagk ldvigs falfwsty bEWES the sipgiy Bisor to a second SI D of

the second N ieré‘ggﬁ%ﬁ%)%&g%d %%'91{:1&?0%%9&%1‘? of the first NMOS transistor

to a gate.of TH&E° nsi St 0 he et hod conprising: providing
a supply bias voltage to the first bias voltage node; providing an
ef f ect i v@6.gr cumethisi i stoxiueg] a datpeyaive intan dntegaiesirifowi pgduding 4 tgfe node; providing to

a gate of theggufy | : b £vel between the
B glénsif?eve it 4 B 3 Olryin§/DFLRFIENGS MO bhabal

supply bias r e effective ground bias voltage |evel; 60
WO 03/ 083572 1&eTA BSOS sagisier:genlinp aode souplipgs scapfl Sthef theecond NMOS

transi stor, a:LRhRseRses%ab s BEeSHR Rl AR08 aind ke SupRkY bias vol tage
| evel and the effective ground bias voltage

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 8/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 transistor and coupling 2 gate of the first

NMOS transistor to a gate of the second PMOS transistor; an output 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: |
. provi.di-ng a thlrd bias voltage to a gate of the first PMOS transistor;
p}ovidih;g a fourth Bias voltage to a gate of the second NMOS transistor; and

using the input si';srit;ch to transmit data ihput signal information from the input
node to the ga{é of the first NMOS transistor and to the gate of the second
PMOS transistor and to the storage node while using the output switch to

isolate the storage node from the output node,

77. Tl;e 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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| evel ; and inparting a digital input signal having a first voltage |evel 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 a
first voltage level digital input signal causes turn on the first NMOS
transistor and the first PMOS transistor and reverse biasing of the second
NMOS transi stor and the second PMOS transistor; and wherein a second

vol t ageyl euils-Ai i tal input signal causes turn onjpphgs@ggsend NMOS
transi stor and the second PMOS transistor and reverse biasing of the first

NMOS transi stor and the first PMOS transistor. 72. The nethod of claim71
further i78cl ublieppthodpf dpime step of inparting, sensing a voltage |evel of
the storage node. 73. The method of claim 71 farther including: after the

step of i npar$hdign ths NG blAGvatadabicbig Betlvemalie fhft ahh@cat®zage node while the
first NMOS transistor and the first PMOS transistor are turned on and the
second NMOS t YA &dor and the second PMOS transistor are reverse biased
if the inparting step inparted a first voltage |level digital input signal;
and sensi ng awhsdit thg Gultebied voliigelidvel isbavwarg éherficad endsadonébinhe second NMOS
transi stor an tne econd PMOS transistor are tamed on and the first NMOS
transi stor affd*$HE First PMOS transistor are reverse biased if the
inparting step inparted a second voltage |evel digital input signal. 74.
The i nt egPat etheonattmdiofclam 76/ ai m 71, wherein the first voltage level is the
supply voltage level; and wherein the second voltage |level is the

ef fecti ve grouﬁwenmmasmmm%elﬂ@ﬁﬁ VIR, QI3 hRa R6GRA bIS93/ 09599 75. The

integrated circuit of claim wherein the first voltage level is the
supply vol t age@tpgevel ; wherein the second voltage level is the effective
ground vol tage | evel; and

wherein the fourth bias voltage level is between the first and second bias

voltage Ievels; and
wherein the third and fourth bias voltage levels are the same.
80. 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

‘whérein 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
tratisistor becc_)ﬁle reverse biased in resporise to a low-to-high of data signal

ﬁansitior}_T7 : o .

© 81. - A methiod of retrieving a data value an integrated circuit inclﬁding a first .
NMOS transistor with a first source/drain (S/D) coupled to a first bias voltage
level; 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 firsi S/D coupled to 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
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wherein the reference voltage level is half way between the supply bias

vol tage | evel and the effective ground bias voltage level. 76. A nethod of
storing a data value in an integrated circuit including a first NMOS
transistor with a first source/drain (SID) coupled to a first bias voltage
| evel; a first PMOS transistor; a pull-up node coupling a second S/D of the
first NMOS transistor to a first SID of the first PMOS transistor; a second
NMOS t nahginsls®y ;. a second PMOS transistor with a bifeéesmsid coupled to a
second bias voltage | evel; a pull-down node coupling a second SID of the
second PMOS transistor to a first S/D of the second NMOS transistor; an

i nput  node; %5co8f §DR{dherkergad NYGS) trapgister aadecyplineg/sgic of the Bt £ r st PMOS

transi stor tonos $8EAR o datc@f ik BRomBANS irdWMEISr; bk 8lsk Ad®ranand coupling a
gate of the first NMOS transistor to a %a_te of the second PMOS transistor;
an out put nodesut gritch reppled tsspminpicpigh Bprts1g0% Byriaiadion tat a i nput si gnal

i nformation fiﬁﬁ%&d@%ﬁéﬁ@h‘%&n@@@%éaﬂoﬁ & sSHEAH B 9SMAAGIe @Ad an out put sw tch
to conmuni cate data output signal information fromthe output node to the
st orage node,outphisignplantapeitientigm the ppfgut nogste the giorige gede.be d bi as vol tage to a,
gate of the fjdRh MR, ansi stor; providing a fourth bias voltage to a
gate of the second NMOS'transistor; and using the input swtch to transmt
data input signal information fromthe input node to the gate of the first
NMOS t r ansi stPO¥! thigl Rigseyolipge & wogeteroh the Sst BMQS BR¥YS™ r ansi stor and to the
storage node while using the output switch to isolate the storage node
fromthe out puvidigddowthbias Thiagerwiaaid obthe sdcaidNMOS twhBtogiand t he first and
third bias voltage |l evels are the sane; and wherein the second and fourth
bi as vol t age |: ; : 3/09599 78. The
met hod of cl altllklﬁ%l@%gu tg\rdédlﬂgogﬁgﬁgﬁ%\ﬁag@%ﬁﬁé&oﬁ%@e IS between the
first and sectrige ndge tosthe mma@g;wham@ing the input switch to isolate the

storage node from the input node.

82.  The method of ¢claim 81,
wherein the first and third bias voltage 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 first and second bias

voltage; and

wherein the fourth bias voltage level is between the first and second bias
“voltage levels. ' .

84.  Themethod of claim 81,

wherein the third bi_as voltage level is between the first and second bias _

voltage;

- wherein the fourth bias voliage 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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wherein the fourth bias voltage I evel is between the first and second bias
vol tage |l evels. 79. The nethod of claim 76, wherein the third bias voltage
| evel is between the first and second bias voltage; wherein the fourth

bi as voltage level is between the first and second bias voltage |evels;
and wherein the third and fourth bias voltage |l evels are the sane. 80. The
nmet hod of claim 76, wherein the third bias voltage level is selected to set
a vol t agepsleensl of the pull-up node at which thepéingbnd¥OS transi stor and
the first PMOS transistor becone reverse biased in response to a

hi gh-to-1 ow of data signal transition; and wherein the fourth bias voltage
Iegel i's éelé@FéHﬂPBOﬂ%@P 8L, vol t age IeveI of the pull-down node at mhlc%

t he second NMOS transistor and the second PMOS transistor becone reverse
bi ased in resygensethe m1rab1hs)w1thga:-ldsﬂegil§lse®a‘ctedaisat Sioaalleverodinigi tion. " 81. - A

WO ¢ ransi < by et Lo B HEUHROR el ok B S ipot e 11 1% i e

vol tage | eveieconae rEverss biafdViDSedponsa 50 Shig-to-l1ew iphtldatd rawsride; moupl i ng a second
SI D of the first NMOS transistor to a first SID of the first PMOS

Lransi Stor: 2agsofide, MGE L1ANSLS|oLicR BRANRUBLEARST Stor wih 2

first SID couple secon F-down node
coupling a seothddwiShdde efwiidhahe @m@WWmStman@ﬂ@tmonctM@Sﬂ rst SID of the

second NMOS transistor n. or coupling a second
D0 the f IEE R e R in B8ORS SRR RAR R OO D0 856 cbeond
SI D of the seamosigbnNMOS transi stor and coupling a gate of the first NMOS
transistor to a gate of the second PMOS transi stor; an output node; an

input  swgd ch LAURLEG ol Rssh TRzt Gir AR WARR Y irs? NERR b7 MBI On from the
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
{ransistor to a first S/D of the second NMOS transistor; 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 voltage to the first bias voltage node;
| proyiding an effective ground bias voltage to the second bias voltage node;
provxdmg the supply blas voltage to a gate of the ﬁIst PMOS transustor

‘prowdmg tho effecHVe ground bias voltage to a gate of the second NMOS

‘ transustor 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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i nput node to the storage node; and an output switch to conmuni cate data
out put signal information fromthe output 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 transistor; and using the output switch to transmt output data signal
information fromthe storage node to the output node while using the input
ol ai m SCURFBPE 1 the firat and third bias voltage ] cua S are the sane; ¢
ge levels are the same; and

wherein the second and fourth bias voltage Levels are th&@sane 83. The
met hod of cl apawading tugreoéths SishIMOS; trgsitir4sa iR gVl af Fs bet ween t he

first and se ASte s/ Rl1d RIS ihe ABANRRE B dVolthre 1dvaluekinilidas Vol t age | evel
is between t&gpgfﬂt g?ld secondebl aé vol t ag e&I%evel s. 84. The nethod of

claim 81, méhegpqpethququgqlgveb@falge10]@%6%@@@}})@1Slgng bet ween the first and
second bias voltage; wherein the fourth bias voltage |evel is between the

first ang;secopgeBbdst ikt agBaheWRlsg; and wherein the third and fourth
bi as voltage | evels are the sane. 64 WD 03/ 083872 PCr/ US03/ 09599 85. The

met hod of claim 81, n the. thi a I veI is selected to set
a vol tage | eV BFSIPR lmpﬁmﬂﬁ Sﬁfﬁ‘“ﬁsa@gaé evsloﬁ ft?'ue fnlogst NMOS transi stor and

the first PMOS transistor becone reverse biased in response to a
hi gh-t 0- B&W iAupethoddezavetsing as integwted chgvd indindingja first N&IGSduansisionhi as vol t age

level is selec e tsou%c%ﬁdrﬁn@ﬂ% &%?edhgyg}sﬂﬂ%vtoﬂ&enme!;lﬁrgtovm node at which

t he second N ARSI St o e second
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 transisior 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 $/D of the second NMOS transistor; 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 trausistor to a

gate of the second PMOS transistor, the method comprising:
providing a sﬁpply bias voltege to the first bias voltage node;
providing an effective ground bias voltage to the second bias voltage node; -

provldmg toa gate of the first PMOS tmnmstor a reference voltage level
between the supply bias voltage level and the effectlve ground bias voltage

level;

prowdmg to a gate of the second NMOS tran51stor a reference voltage level.
between the supply b1as voltage level and the effective ground bias voltage -

level; and

_imparting a digital input signal having any of multiple respective voltage
Jevels 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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transi stor becone reverse biased in response to a | owto-high input data
transition. 86. A nethod of accessing an integrated circuit including a
first NMOS transistor wth a first source/drain (SID) coupled to a first

bi as voltage node; a first PMOS transistor; a pull-up node coupling a
second SID of the first NMOS transistor to a first SID of the first PMOS
transistor; a second NMOS transistor; a second PMOS transistor with a
first SyBosassed to a second bias voltage node; grRdisled9wn node coupling
a second SID of the second PMOS transistor to a first SID of the second
NMOS transi star, H}ﬁ% J: he first PMOS

t ransi st or to%éguéa@g%ﬁg{%%%ﬂ%?g? e. q@é%%‘%ggf\m%??gﬁgt?%eg&h%and coupling a
gate of the fimi«owMBE:sr mrislist e stogancdgttaevotifgetidvel dsuwnad bPMOS t r ansi st or,
t he nmet hod conpri.sing. VAN 1.3 i age to the first bias
vol t age node; r%r‘JSS F%ﬁﬁg&%ﬁe%ﬁ @ﬁ?@%ﬁg r%%llgb?lgés{g\a}%l tage to the second bias
vol tage node; providing the supply bias voltage to a gate of the first PMOS
transi st oB9.  phewedphef clave 8&furtberinelidingy ound bi as voltage to a gate of the
second NMOS transistor; and . inparting a digital input signal having any

of multiple r%&eﬁé&eﬁ%fwaﬂag,%msingu%x&g& Rvdl BEhEAbBecafoad he first NMOS
transistor and to the gate of the second PMOS transistor and to the

storage nQde; 65 3/ 0838 PCT1 US03/ 09599 r.equl ati ng turn on of the
1 rst MOt A Br st Smhes atT B ol R g B BBL | down node o as
to limt the NMOSgmsBReitt ofiat vatd/dge (3/Pyapldéioarfiiit badvdiyge t he respecti ve
vol tage | evel of the j rted digital input_.signal. ...Jhe nmethod of claim
86 further in(}?vﬁldf‘ﬁﬁ'?h\gggg?"s’ts}?é a&f‘t\'ﬁpg efﬂﬁﬁﬁ‘?‘ﬁ’&‘,’n@ﬁ%ﬁ%g a vol tage | evel
of the storagdir DS BBsistéy ive filsosiDaf tha Giese BRIOS gransistor i segphdit ed circui t
including a fi MOS transi with a fiLks ourcel/drain (S)D) coupled
to a first bi @%{}Iﬁﬁtgr’ﬁﬁ?fg?ﬁﬁ% prgpisio W%ﬁﬁ%@icg@g‘gﬁm% pul | -up node
coupl i ng a seceanfl GasRoldge tdve; 4 putlstowhilebds 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 transistor and coupling a gate of the first
NMOS transistor to a gate of the second PMOS transistor; an output node; an
nput 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 th_ird'bias voltage to a gate of the first PMOS transistor;
-providing a fourth bias voltage to a gate of the second NMOS transistor; -

: using'me inpuf' switch to.transmit input data signél information from the input
node to the gate of the first NMOS transistor 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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transistor to a first SID of the first PMOS transistor; a second NMOS
transistor, a second PMOS transistor with a first SID coupled to a second
bi as voltage node; a pull-down node coupling a second SID of the second
PMOS transistor to a first SID of the second NMOS transistor; a storage
node coupling a second SID of the first PMOS transistor to a second SID of
the second NMOS transistor and coupling a gate of the first NMOS
transi s§y@hsdsss7®a gate of the second PMOS transi st gicrckidfesd®t hod conpri sing:
providing a supply bias voltage to the first bias voltage node; providing

an effective groun as volta e to the second bigs voltage node; providing
to a gate of eéel?g‘lﬁgf %dtbr‘ Kelfags Yeﬁsaée&‘éfaé"teeﬁge vol tage | evel between
t he supply blas voltage | evel and the effective ground bias voltage

| evel ; provi dwhageit thesccgaitaed fofurth bies whageidehMeetstansi st or, a reference
voltage | evel between the supply bias voltage | evel and the effective

ground bigs vgltage lon and inparting a digital input signal having any
of nultls?é rg%hect§3£8¥gﬁgage | evel s to the gate of the first NMOS

transistor and to the gate of the second PMOS transistor and to the

st orage node; WWW@'S%@BBW%W] iyasemdipdost pedsgrad piey turn on of the
first NMOS trapgdesifar as a function of voltage of the pull-down node so as
to linmt the storage node to a voltage level deternined by the respective
vol tage | evel of the_ inpart igital input signal. 89. The nmethod of claim
88 further m‘@FeEFd‘?ﬁE; ‘P‘%gr""ﬂ?ré l?ﬁgib%?ee?ﬁﬁéfsfwecog‘éwgﬁ ng a voltage | evel
of the storageinedees90. A nethod of storing a data value in an integrated
circuit including a first NMOS transistor with a first source/drain (SID)
coupl ed %? %%% ? %btage | evel ; a first PMOS transistor; a pull-up
node couplin &' 8D of the first NMOS transistor to a first SID of
the first PNCS t(anS|$tqr, a second NMOS transistor; a second PMOS

transi st or wiwheren the thigd bigy oltaggdeyelisbatweey 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.
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 transistor
become reverse. biased in réébonse to a high-to-low of data sigha] transition;
-and ' ' - '
ﬁhe_refﬁ the fourth Bias vb‘l.tzige. level i'svSelec‘téd 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-fo-high of data s1gnal

transmon
95.  The method of claim 90,

wherein the prescribed storage voltage level is further determined by a
difference between a storage node voltage level and a voltage level of the pull-

down node.
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second bias voltage |evel; a pull-down node coupling a second SID of the
second PMOS transistor to a first SID of the second NMOS transi stor; an

i nput node; a storage node coupling a second SID of the first PMOS
transistor to a second SID of the second NMOS transi stor and coupling a
gate of the first NMOS transistor to a gate of the second PMOS transi stor;
an out put node; an input switch coupled to conmunicate input data signal

i nf or mafh@hskdz2m t he input node to the storage ngdgjussagkestn out put switch
coupled to comunicate output data signal information fromthe output node

to the st & ag?uhméﬁ%o% 'of 1{69'15 flar%a? \galu%%npnteﬁate%%mlp t mc\fudd nlg? %{ﬁst[ third bias vol tage

to a gate of I'rs ransi St provi h bias voltage to
a gate of themsxﬁﬂbi%tﬁarf‘ansmscteﬂﬂrm L'Bé!D)‘lxgumiftﬁoalﬁrxumlaMtigeh to transm t

i nput data si I f fro L npu ode e gate of the first
NMOS transi st rea}an%gtt@j@%m%f’r aB‘f dee@gﬁl}? Eﬁ\‘?fﬁg r£ﬂ’§’| stor. while using
the output swiitstRMOS tiasdtartea ires/B bhhafiet OB whisi; at&endut put node; and
limting the SCI.i eds voltagelevel
det er ni ned bé@ Sﬁgag?lg?re%%eﬁ?nd?‘ﬁgiﬁem&%{ftg gﬁfgft%%m“&l@‘gml evel . 91. The
met hod of cl asaerdi(ias Galiad et/ PIBIdwn AT LLIPA HLERA S/DMTatieel N the first and
third bias volta els are : and he second and fourth
bi as vol t age fé‘\’f’g%y(g%/ tgﬁhﬁs&/ﬁég%efﬁ@m}mggmﬁ?&o&a&i"i‘ﬂ“bo, wherein the
third bi as vohddagestdrape @bdeicsughag u\@enfndtmeofﬁwﬁﬁstmﬁs secewtohi as vol tage; and
wherein the fourt evel is bet t and second bi as
vol tage |evel &7 glﬁ“f’ﬂg %@h@gﬁ%#“%lfﬂﬁf’rrﬁng@w er??f]ﬁé“?hl rd bias vol tage
| evel is betwWwBiOStthesidfiorts gmuitmeamﬂchMOS&anmﬁaa@&tput node; an

mput switch coupled to communicate input data signal information from the

input nede to the storage node; and an output switch coupled to communicate

ontput 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 transisior;
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'néde t'o.'a présc;ihed sforage node voliage level determined -

by 2 most recent input data éignal. yoltage level.

97. - The ;rnethod of C]:ﬁil';l 96, .. '
wheréin the ﬁrst-and third bias v.o'lt'a.ge levels are thé same; and-
wherein the second and fo.uriﬁ bias voltage ]e:rels are the sénie.

98.  The method of claim 96,

wherein the third bias voltage level is between the first and second biasg

voltage; and
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wherein the fourth bias voltage I evel is between the first and second bias
vol tage | evels; and wherein the third and fourth bias voltage |evels are
the sane. 94. The nmethod of claim90, wherein the third bias voltage |evel
is selected to set a voltage |evel of the pull-up node at which the first
NMOS transistor and the first PMOS transistor becone reverse biased in
response to a high-to-low of data signal transition;: and wherein the

fourth Ripasephtage level is selected to -set 'a hhR&fedevel of the
pul | =down node at which the second NMOS transistor and the second PMOS

transi stor becone reyerse biased ip response to |l ow-t0 -high of data
signal transl ?r%ﬁhe&#hﬁ’ﬁ%vqlﬁéﬁﬂﬁvﬂllépet\‘f et 1% andieeard IS t he prescri bed
storage vol t aggadeamels. i s further determned by a difference between a
storage node voltage | evel and a voltage |evel of the pull- down node. 68
WO 03/08§§72 fCTh#?gSéQQS% 96. A nethod of retrieving a data val ue an

i nt egrat €d- ci FEETeoP RETHHi a first NMOS transistor with a first
source/drain (SID) coupled to a first bias voltage Ilevel; a first PMOS
transi stor; awkemil thejbird bdevatogaibvehy beiwsmdlprfastShdzeodndbhe first NMOS
transistor to, g first SID of the first PMOS transistor; a second NMOS
transistor; a setbnd PMOS transistor with a first SID coupled to a second
bi as voltage | evel; a pull-down node coupling a second SID of the second
PMOS t ransi stwiersingtheyfopgth kips \Qitggedgvekipbetueen SidirtmdSceondbias st or; an i nput

node; a storagg,sedescaapling a second SID 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 i npthereing hid end fprrtdias goltagndvts #atiesdput  data signal i nformation
fromthe 1input node to the storage node; and an output switch coupled to
comuni cad® The method of claim 96,

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 fourth bias voltage level is selected to set a voltage level of the _
puli-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 preseribed storagé voltage level is-further determined bya '
- difference between 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 first data node comprising
interconnected source/drains (S/D) of the first PMOS and NMOS transistors;
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out put data signal information fromthe output node to the storage node,
the nethod 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 transistor; using the output switch to communi cate data signal
information fromthe storage node to the output node while using the input
swtch to isolate the storage node fromthe input node; and limting the

St or agewQdfssi® @ prescribed storage node vol tage geguRhs@9h er m ned by a
nost recent input data signal. voltage level. 97. - The nethod of claim

96,, wherein the rst. an hi rd bi 0 e le ar e, the sanme; and
wherein the sélé%fﬁ et {]‘I‘dﬁrﬁ abgfﬁcé’gé @@i}\[{’é %’?‘?‘é‘f\%@e}i@% TS ane. 98, The
met hod of cl alam%conﬂlﬂi%hﬁird@hdl@@o]ﬁaﬁﬁNMOBIh‘aﬁsismbvitEl&cbrﬁl\tﬁlanbé?e bet ween t he
first and second bias_ . voltage: and.6 /083 CT/ US03/ 09599 wherein
the fourth bi ﬁgrn%}nﬁgﬁ‘ec%??ggsq%“@ ‘{K/zw{)‘ggeﬁﬁi’qng%moﬂngecond bias voltage
| evel s. 99. Thavioekheetosf claim 96, wherein the third bias voltage |evel is
bet ween the first and second bi as voltage; wherein the fourth bias voltage

| evel is bet oIt ge | eve and wherein the
third and foﬁﬁ%ﬁmﬁ 53%9P';ekm95 ?ﬁ; Sfﬁﬁmp#ﬁE met hod of clai m
96, wherein tBESuhnddeno&s vol t age IeveI IS selected to set a voltage |evel
of the pull-up node at which the first NMOS transistor and the first PMOS

transistor bGRAGE weQHE sitheUhARPAMON 2l ARRREMRUSPusilibg et O-1 OW OF data
signal transition; d
coup]ed to the first data node;

t

a first low threshold voltage 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 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 /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 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 commori.
104. T.he mtegrated cncu;t of cla;m 102 further 1nclud1ng
a ﬁrst b1t lme (BL) whleh mclueles the first data’ accees node;
-a second bit line (BL~bar) which includes the second data access node; -and
a word line (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 aceess transistor is an NMOS transisior.

71



wherein the fourth bias voltage level is selected to set a voltage | evel of
the pull-down node at which the second NMOS transistor and the second PMOS
transi stor becone reverse biased in response to a | owto-high of data
signal transition. 101.- The nethod of claim96, wherein the prescribed
storage voltage level is further determned by a difference between a
storage node voltage level and a voltage -level of the pull- down node.

102. . Wooldbegrated circuit conprising: a |latch Gchgldsiesocl uding, a first
inverter including a first high threshold voltage PMOS transi stor and a

first hi threshol d voltage NMOS transistor with a first data node

conpri si g 6. 'ﬁ‘PéTF%agﬁi‘llecEf tO‘Z%E’BBSi’@é/drai ns (SID) of the first PMOS and NMOS
transi stors; 70 WO 03/083872 PCT1US03/ 09599 a second inverter including a
second hi gh t hhibhkindud incbidingge PMOS transistor and a-second high threshol d
vol tage NMOS transistor with a second data node conprising interconnected

/ drai ; - ; | , wher ei h
sour ce/ drai ns ﬁgl@%ﬁiﬁélgﬁ“ﬁ%w%ﬁ%d NN ANSLSHT S erein the

gates of the ?!rst rst transistors are coupled to the
second dat a nwifea fighdstagiofe eomprigeg intsreomedittsowed dmids S tind second NMOS

transistors %Pﬁwmd%bgﬁ#&ggrst data node; a first |ow threshold
irnclu

vol tage access transi stor Ing a first SID coupled to the first data
node and to the gate of .the second PMOS transistor and to the gate of the
second NVOS t# $r&Hdpvsster fslrding @ sesanddgM@s saeisiarpndprresiVeOd to a first data

access node agghsiktBChiurt Rebnd A8RESR 6aMPIRE iniPeoBndolell SSur@RRERS control  node;
and a second | ow t hreshol d vol taﬂe access transistor including a first S/D

coupl ed to t&FPIeEsaonRMOp RRAvpsistoe gate of the first PMOS
transistor and to the
wherein the gates of the first PMOS and first NMOS trausistors 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,

an access trapsistor 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

an ouiput switch coupled to éelectabiy communicate a stored data value from
- one of the first :dat‘a ndde or the second data node to one of the first data access

node or a second data access node.
107. " The integrated circuit of claim 106,

~wherein the first PMOS tiansistor and the first NMOS transistor are high

threshold voltage tra_nsistors; 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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gate of the first NMOS transistor and including a second SID 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. The integrated circuit of
claim102 further including: a first bit line (BL) which includes the first
data access node; a second bit- |line (BL-bar) which includes the second

dat a acggssesp@se; -and a word line (W) which i ngleygsobdae first and
second access -control nodes. 105. The integrated circuit of claim 102,

wherein the fiyst acges ansistor, js.an_N transistor; and wherein the
second access™ ?ﬂ%@?gfsbéwbéﬁ%‘ﬁmmdﬂer%ﬁ franseiipr 8%/ 083872 106. An
integrated cifhesdiold oRiRassishgs; a latch. circuit including, PCT/US03/09599
a first inverter including a first PMOS transistor and a first NMOS

transistor wih.a first nade c risi At er connect ed source/ drai ns
(SID) of the W#‘%r‘?l%tg]eﬁﬁﬁgPgﬂ%?ﬁ{’féoﬁaﬁlgﬂgisgcf}%‘ﬂgl}dbgUg%sésgoﬁare' erter including
a second PMOShteslmhisioBdge tramivcbra asécond NMOS transistor with a second data
node conprising interconnected source/drains (SID) of the second PMOS and

NMOS transi st ” ' f ' d first NMOS
transistors a%&ego%%%g ?Ogrupﬁﬁgg%%zsoaglgwyg?sg&gBQE?E%F%?n the gates of the
second PMOS and second NMOS transistors are coupled to the first data
node; an 1Phputhedniferaed cirpndl of glaimy 1 06{prthgeizedsding r ansi stor including a first SID
coupled to the first data node and to the gate of the second PMOS -

transi stor anghitiie which fiokes®e firf ats &ze¥ dod¥hBihe second data access

node.

110.  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 b_it fine or the second bit line.
112.  The integrated circnit of claim 106,
wﬁerein the output switch'includes,
~ afirst output‘ transistor;
a second outj-.)ut,transist-cr; and -
& discharge path';. - .

- wherein the first output transistor has-a first S/D 'coilpled to the discharge path
~and has a second $/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 the first data access node or the second data access node and has a gate

coupled to a second access control node.
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transi stor 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 an out put
switch coupled to selectably communicate a stored data value from one of
the first data node or the second data node to one of the first data access
node or a second data access node. 107. The integrated circuit of claim
106, wherein the first PMOS transistor and the first NMOS transistor are

hi gh tR{peshedd vol tage transistors; and wherein thg sgmenasd PMOS transi stor
and the second NMOS transistor are high threshold voltage transistors.

108. The | gtegﬁatedWEérCUIt‘ﬁ g&fjﬁ]lOG, 72 WD 03/083872 PCTI US03/ 09599
wherein t cifet ptlalp 842 ang the first NMOS transistor are high
threshol d voltage transistors; wherein the second PMOS transi stor and the
second NMOS t whergirtedirst ardesedondyPMOS trsssshoo habeadikst thgpsheldatisgest or s; and wherein
t he access control transistor is a |low threshold voltage transistor. 109.

The 1 nt egr at egnfbf fidiohs Bla sElofd KRG ahMiAEY. d Bohuidagia a DI L |ine which

i ncludes the first ata access node and the secon ta access node. 110.
The integratetwlegrcuit of claim 106 further including: a first bit Iline
which includes the first data access node; and a second bit |ine that

includes the SREORMe kRt FocdS ERRS tRAGRor hdslalihird st RAsRLIAG Ccircuit of claim
110 including precharge circuitry coupled to onIy one of the first bit

line or the second bit |i.ne. rate it of claim 106,
wherein the oﬁ?%ﬂﬁﬂ§§W¥@ﬂsﬁﬁEﬁﬁﬁﬁﬁﬁmmﬁm?% Eﬁ%ﬁg ’éggﬁﬂgggtor a second
output. transistor; and

114. The integrated circuit of claim 112,

wherein the first PMOS transistor and the first NMOS transistor are high

threshold Voltagé transistors;

wherein the second PMOS transistor and the sccond NMOS transistor are high
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 threshold voltage

transistors.
115.  The integrated circutt of claim 112, -

wherein the first PMOS transistor and the first NMOS transistor ate h1gh
threshold voltage trans1st0rs '

wherein the second PMOS transistor and the second NMOS transistor sdre high = -
'threshold voltage transistors; o - s

wherein the access control 'frallsistor is an intermediate threshold voltage

transistor; and

wherein the first and second output transistors are low threshold voltage

transistors.

116.  The integrated circuit of claim 112,
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a discharge path; wherein the first output transistor has a first SID
coupled to the discharge path and has a second SID coupled to a first SAD
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 second source/drain coupled to one of the first data
access node or the second data access node and has a gate coupled to a

second @eGemsseontrol node. 73 WO 03/ 083572 PCTI USQ3hRAR9% 113. The
integrated circuit of claim 112, wherein the-first and second PMOS

transi st or Navgndf ik o PADSShRkdh: 40l h ARG MURRLEI LhE i TSt and second

NMOS transistor have a second thres age, er the first access
control transi$kdoldugags tapsistads;t hr eshol d vol tage; and wherein the first
and second output transistors have a fourth threshold voltage. 114. The

it egrat e ol ki 8 oGhIINAS B0 F1) Sy (R PARS A St 0T and the
S,

first NMOS transistor are high threshold voltage transis wherein the
second PMOS t riiisdpldivsltags fansskes; second NMOS transi stor are high threshol d
voltage transistors; wherein the first access control transistor is a | ow

threshol d vol twigid theasss bkl rRRGst oM B el B1d Vol stk talseq@nd out put
transistors are low threshold voltage ftransistors. 115. The integrated
nsj stor and the first NMOS

circuit of claj 1 erein the first PNC?, r

transi stor ar ?h%eb“hjtge gr‘éﬂg% BT B gRster & ‘iws'%‘ﬁf ld¥pHegeei n the second PMOS
transi st or andrapdiorsecond NMOS transi stor are high threshold vol tage

transi stors; wherein the access control transistor is an internedi ate

t hreshol dyyol 'R Ritegrated circuit of claim 112 further including:

a bit line which includes the first data access node and the second data access

node;

a write word Iine which includes the first access control node; and

aread 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 inc'hid‘.es the first access control node; and

ha:réad word lirie which _ir_ldlud'es.the second access control node.

119, The integrated circuit of claim 118 further including prechatgé cirouitry
. coupled to only. one of the first or.second bit lines.
120. Anfintegrated circuit éompﬁéing: :

a Jatch circuit including,

a first inverter including a first PMOS transistor and a first NMOS transistor
with a first dala node comprising intercormected source/drains (5/D) of the
first PMOS and NMOS transistors;
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transi stor; and wherein the first and second output transistors are | ow
threshold voltage transistors. 116. The integrated circuit of claim 112,
74 WD 03/083872 PCT/ US03/ 09599 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
vol tage transistors; wherein the access control transistor is a high

t hr esholy@ oyhé:age transi stor; and wherein the firsgeraress@eond out put
transistors are low threshold voltage transistors. .117. The integrated
circuit of claim i ncludes the first

12 further including.. a bjt |.ine i
data access ndue® ﬁﬂmFﬂémgg%%ﬁaﬁﬁgfgﬁgé8§E§bfﬁ%&é?ﬁﬁg e word |ine which
i ncl udes the frinsistor witic:essond dath hale corasiRing aiddlconected ashratiirains | ne whi ch
i ncl udes the 0 acce nt .ol de. 118. The integrated circuit of
claimi112 fur &ﬁ@rc’?gﬁéffcﬁlﬂf%&gﬁ‘“#wgg%Brl"s{swsi;ne whi ch includes the first data
access node: a second bit line which includes the data second access node;
a wite word whanan thhiggts of the vt BSOS had fiist MO8 teesproontouplkd rode; and a read
word |ine mhi&h in%k%&%ﬁhthe second access control node. 119. The

c

i ntegrated ciTeut o afm 118 further including precharge circuitry

coupled to only one of the first or second bit lines. 120. An integrated
circuit conerqumﬂleaaWSa’tf@hS@PlﬁbeM@S pdcseepnd NYOScrapsisters aenver t er i ncl udi ng a
first PMOS trafskslh e BGadnddef St NMOS transistor with a first data node
conprising interconnected source/drains (S/D) of the

a first bit line;

a second bit ling;

a write word line; and
aread word line;

an input switch including,

an access transistor 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 2 second S/D coupled to a first data access node and

* including a gate coupled to the write word line; and
an output switch including,
a-first output transistor;
~asecond oﬁtput ﬁansisfor; and I | i -
a discharge péth; g
. ’ . M . ’ : - - ) . . . .
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 S/D coupled to the second

bii line and has a gate coupled to the read word line.
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first PMOS and NMOS transistors; 75 WO 03/083872 PCT1US03109599 a second
inverter including a second PMOS transi stor and a second NMOS transi stor
with a second data node conprising interconnected source/drains (SID) of
t he 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 firghogabd,node; a first bit line;, a second biderhkiRwsesr Wite word
line; and a read word line; an i nput switch including, an access

transistoL |n§£ud LJQ% da 5)¢oupled to the first data node and to the
gate of the second ra % and to the gate of the second NMOS

transistor and including a second SID coupled to a first data access node
and i ncl udi nyheeig thedirst endreedd PO rensigtdr hevewdins thrdshodd vodimgt; an out put swi t ch
including, a- first output transistor; a second output transistor; and a

di schar ge pat Qherénﬂ%@%%d@e&ﬂms%ﬁéﬁr@l%e ARG iabiRig has a first SID

coupled to the discharge path and has a second S/D coupled to a first S/D
of the secondv®@&put 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 -Bhdaif 0 Bksabcés® cdnli6l tHEGMAThas Dintrd thkddRviBRHadasn@ gate coupled to
the read word line. 76

wherein the first and second output transistors have a fourth threshold voltage.
122. The integrated circuit of claim 120,

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 a low threshold voltage transistor; and

wherein the first and second output transistors are low threshold voltage

transistors.
123. The integrated circuit of claim 120,

wherein the first PMOS transistor and the first NMOS transistor are high
threshoId voltage h’ansmtors, ) '

‘wherem the second PMOS transmtor and the second NMOS transistor are h]gh
threshéld voltage transistors; R ‘

wherein the access _contl:ol transistor i$ an intermediate threshold voltage

fransistor; and

wherein the first and second output transistors are low threshold voltage

transistors.

124.  The integrated circuit of claim 120,
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WO 03/083872 PCT/ US03/99599 121. The integrated circuit of claim 120,
wherein the first and second PMOS transistor have a first threshold:.
voltage wherein the first and second NMOS transi stor have a second

t hreshold voltage; wherein the first access control transistor has a third
t hreshol d voltage; and wherein the first and second output transistors
have a fourth threshold voltage. 122. The integrated circuit of claim 120,

wher ei nwhligosksd;s St PMOS transi stor and the first NYepukdzaees stor are high
t hreshol d .voltage transistors; wherein the second PMOS transistor and the

second NMOS t%@&&hﬁk?ﬁm?&ﬁﬁhﬁﬂi$%&ﬂ{ rggﬁgFgg%&%tﬁ,&r EIStOFS wherein the

access control transistor I's a age ﬁhn5|stor and
wher ei n t he f iresholdvadtagedorislorsiut put transi stors are | ow t hr eshol d vol t age
transistors. 123. The integrated circuit of claim 120, wherein the first

PMOS transi st Gherdfithe sbend PNI6S nMMQ@ Mame&h@mﬁfs%n%a aretmgé]eshol d vol t age

transi stors; -wherein the second PM)S transi stor t he second NMOS

transi stor ar Buahohvoltagedspsitesvol t age transistors:-' wherein the access
control transistor is an internediate threshold voltage transistor; and

wherein the fivhgéin fdeks SQHBONEhAMENS hibK BRSO WltBacMafitd?Vardnr eshol d vol t age
transistors. 124. The integrated circuit of clalm 120, 77 WO 03/083872

PCTI US03/ 09599, wher ei.n, t P tran d.the first NMOS
transistor ar &Ry eﬁfsh?"gﬁc(?’f‘%‘"\t?’d’f ét‘)isra‘{f ‘Yé‘f‘?ﬁ’?‘gg"% ein the second PMOS
transi st or ansankiterssecond NMOS transi stor are high

125.  The integrated circuit of claim 120 further including precharge circuitry

coupled to only one of the first bit line or the second bit line.
126. An integrated circuit comprising:
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 {($/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

(S/D) of the second PMOS and NMOS transistors;

wherein the gates of thc first PMOS and ﬂrst NMOS transmtors are coupled to

the second data node

whercln the gates of the second PMOS and Second NMOS transmtors are
coupled to the first data node '

an input switch including,

an access transistor inclﬁding 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 data access node and

including a gate coupled to a first access control node; and
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t hreshol d voltage transistors; wherein access control transistor is a high
threshol d voltage transistor; and wherein the first and second out put
transistors are low threshold voltage transistors. 125. The integrated
circuit of claim120 further including precharge circuitry coupled to only
one of the first bit line or the second bit line. 126. An integrated
circuit conprising: a latch circuit including, a first inverter including a
first PMaRsdsz@msi stor and a first NMOS transi stor pchkhsnssodi rst data node
conprising interconnected source/drains (SID) of the first PMOS and NMOS

transistors; a.second i.nvert i ncl.udi ng a second ransi stor and a
second NMOS %@éﬁ%“f%élg %vgbmcﬁuﬁﬁ‘gtossg%%%gyc g?’éun gtﬁgg}%r(%ﬁ%%‘??%g i nt er connect ed
sour ce/ dr ai nsirorg Shel)f theffirdt her sele ontle 2408 dath dodsd e lof e filssdaty S; Wherein the
gates of the fi H{ansistors are coupled to the

t PMOS first N
second dat a n%ﬁ%?nc."g\%%sreg?%ﬂd?tlf‘lrécscffﬁfxgé?@f the second PMOS and second NMOS

transistors are coupled to the first data node; an input switch including,
an access tr angeedoentpisgitchdiongeddo faloactbly 8hDmonenpd astbredalatatvelvé i r st dat a node

and to- the ogleqghullGasoeont FNDS 1 ANSIhe ANt gniligygat e of the

second NMOS transistor and 1ncluding a secon upled"to a first data
access node aimst dafapcdessdhiodrpr a sgpatdedataoogekeddt.o a first access control node;
and 78 WD 03/083872 PC [ US03/ 09599 a first output switch coupled to

sel ect ablyyy cofpuni LAl fikuibiRhgd1$at a value fromone of the first data node
or the second data node to one of the first data access node or a second

dat a access node; Tgnd a _second, out put switch coupled to selectably

comuni cat e avRFD BEIEHEMOS Kmgistor s the frf NMPhBsTEier A fde i r st data node or
the second dahRsHaRd@liige thdiRiotd Red of the

wherein the second PMOS transistor and the second NMOS transistor are high
threshold voltage transistors.

128. The integrated circuit of claim 126,

wherein the first PMOS trausistor and the first NMOS transistor are high
threshold voltage fransistors;

wherein the second PMOS transistor and the sccond WMOS transistor are high .
threshold voltage transistors; and

_ v\fherein the access control trallsistor is. a low threshold voltage transistor.
' ;292‘ ' The integrated cirouit of claim 126 ﬁmher including:
a ﬁfst bit I:i-ne' wh_ich iﬁchideé ﬂ_i_é ﬁ_rﬁ ;iéta' acqes;s node; and
a ;seconci bit lirvle t’_;naé inciﬁdes tﬁe éé_conﬁ data access node.

130.  The mtegrated circuit of claim 129 further including precharge circuitry
- coupled to only one of the first bit line and the second bit line. -

131. The integratéd circuit of claim 126,
wherein the first output switch includes,

a first output transistor;
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first data access node or a second data access node. 127. The integrated
circuit of claim126, wherein the first PMOS transistor and the first NMOS
transi stor are high threshold voltage transistors; and wherein the second
PMOS transi stor and the second NMOS transistor are high threshold voltage
transistors. 128. The integrated circuit of claim 126, wherein the first
PMOS transistor and the first NMOS transistor are high threshold voltage

transi s{yghsessyher ein the second PMOS transi stor angdrhikgesssond NMOS
transi stor are high threshold voltage transistors; and wherein the access

control transjgtor,is a low threshold voltage transistor. 129. The
i ntegrated ci?%ﬁ%ﬁjg&uc af%@igg further including: a first bit line which
includes the first data access node; and a second bit line that includes

the second datfzstéesbasspaivde. 130. The integrated circuit of claim 129
further including precharge circuitry coupled to only one of the first bit

line and the $868R e ohthil) GanshBlhas 3 Best 5/ LENEALE he Gt Gilinbrgff I ai m 126,
wherei'n the first output switch includes first output transistor; 79 WO

a
03/ 083872 a sl bata sseand SAxgoupled tep frsh P of frefseoond outpst schar ge pat h:

PCTI US03/ 09598,0B8f Sldhad I\Gtelcbiphld tQsHR B the hifsRMS 06 hiAScAdf i rst SID coupl ed
to the first discharge ath and has a second SID coupled to a first SID of

the second outdfitodsipéinsi st or and has a gate coupled to one of - the first
data node or the second data node; and wherein the second out put

transi st or hawheeis £6 eitdndIuButiipit@thal Dscbih@ SAF cduPted 1o one of the
first data access node or the second data access node and has a gate coupled to

a second access control node; and

wherein the second output switch includes,
a third output transistor;

2 fourth output transistor; and

a second discharge path;

wherein the third ontput transistor has a first S/D coupled to the second
discharge path and has a second S/D coupled to 2 first S/D of the fourth output
transistor and has a gate coupled to the other of the first data node or the

se_cond data node; and

wheremn ﬂié_fduft?t'l._output transistbr has a second source/drain coupled to the -
A other of the ﬁvrst.'data aéqbsé n@dé or the second data access node and has a

gate coupled to a third access i:_ontrol node.
132.  The integrated circuit of claim 131,
wherein the'ﬁ:rst and éécond PMOS tréns’iétor have a first threshold voltage;

wherein the first and second NMOS transistor havé a second threshold

voltage;

wherein the first access control transistor has a third threshold voltage; and
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first data access node or the second data access node and has a gate
coupled to a second access control node; and wherein the second out put
switch includes, a third output transistor, a fourth output transistor;
and a second discharge path; wherein the third output transistor has a
first SID coupled to the second discharge path and has a second SID
coupled to a first SID of the fourth output transistor and has a gate
coupl edwloashdig2 0ot her of the first data node or thecraRe@wgs data node; and
wherein the fourth output transistor has a 'second source/drain coupled to

the other of 1h ngliet%fsﬁ,sél@ﬁ{z]‘ﬂﬁﬁmuﬁp&%‘pu%mki&smwmﬁ&rmata access node and

has a gate couple -a third access control node. 132. The integrated
circuit of cl trasholBvbltaggherein the first and second PMOS transistor have a
first threshold voltage; wherein the first and second NMOS transi stor have

a second {;Rr eghol @V Plif-ROS 1RSI N the first access control transistor
has a third threshold voltage; and 80 WO 03/083872 PC Tl US03109599 wherein

the first, second, third d fourth ou nsi stors. have a fourth

t hr eshol d voIP%@%FmE§§PH¥§ b S&@?&Fga&%ﬁﬁﬁéggmﬁﬁ%ﬁﬁg 131, wherein the
first PMOS tr@gﬂ@ﬁ@mﬁﬁm%ﬁamgjirst NMOS transistor are high threshold

vol tage transistors; erein the second PMOS transi stor and the second NMOS

Second acceos BT PorePTEdRa P ot PRSI P OB ThB. T ansi Store:

and threshold voltage transistors;

wherein the first and second access control transistors are low threshold

voltage transistors; and

wherein the first, second, third and fourth output transistors are low threshold

voltage transistors.
134.  The integrated circuit of claim 131,

wherein the first PMOS transistor and the first NMOS transistor are high

threshold voltage transistors;

wherein the sccond PMOS transistor and the second NMOS transistor are high
threshold voltage transistors; .

wherein the first and second access control transistors are in?ermediate
threshold voltage transistors; and o
- wherein the first, sécond, third and fourth outpit transistors are low threshold
-voltage transistors: Co o
135.  The integrated circuit of claim 131,

wherein the first PMOS transistor and the first NMOS t-ransistor are'hi gh )

threshoid voltage transistors;

wherein the second PMOS transistor and the second NMOS transistor are high

threshold voltage transistors;
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wherein the first, second, third and fourth output transistors are |ow
threshold voltage transistors. 134. The integrated circuit of claim 131,
wherein the first PMOS transistor and the first NMOS transistor are high
threshol d voltage transistors; wherein the second PMOS transi stor and the
second NMOS transistor are high threshold voltage transistors; wherein the
first and second access control transistors are internediate threshold

vol t agewbhasdst ors; and wherein the first, secongcrhRisfesend’ fourth
output transistors are low threshold voltage transistors: -135: The

| nt egrat ed Ci&«ffe‘ﬂéﬁﬁm‘é’ﬁﬁrs?inﬁis{gm%qﬁa%ces"‘&%ﬁg dsﬁJPo? Jréﬂigﬁ MR transistor and the

first NMOS transistor are thres vol tag ransi stors; wherein the
second PMOS t vodingitshastorganl t he second NMOS transistor are high threshold
voltage transistors; 81 WD 03/083872 PCT/ US03/ 09599 wherein the first and

second access, £l ikl (AN ohm iR MRANHIGAS IO muglipge transistors;

and wherein the first, "second, fourth output transistors are |ow
threshol d vovloltaggdransisnsi stors. 136. The integrated circuit of claim 131
further including: a first bit line which includes the first data access

node; a 386 O0NthebitlordtddtGereRint Ml fd@Sintib@nglat a second access node; a wite
word |ine which includes the first access control node; and a read word

| i ne which includes. the second access control node. 137. The integrated
circuit of cl rﬁgfiée ek g FEFW@%EH%WSEB?%@%%Wge circuitry coupled to only
one of the first bit line or the second bit line. 138. An integrated
circuit conprasséongbit line which includes the data second access nods;

a write word line which includes the first access control node; and
a read word line which includes the second access control node.

137. The integrated circuit of claim 136 further including precharge circuitry
coupled to only one of the first bit line or the second bit line.

138. An integrated circuit comprising:
a latch circuit ncluding,

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 _transisto:s;_ o

“asecond illveftér including a_se_cc—;__nd PMOS f_ﬁransistor and a second NMOS
 transistor with a.second data node comprising interconnected source/drains.
' _(S/D) of the.second PMOS and NMOS transistors;

‘ wherein the gates of !:1_16 first PMOS and ﬁrs_f NMOS transistors are.coupled to

the second data nods; -

wherein the gates of the second PMOS and second NMOS transistors are
coupled to the first data node;

a first bit line;

a second bit line:
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a latch circuit including, a first inverter including a first PMOS
transistor and a first NMOS transistor wth a first data node conpri sing

i nterconnected sourceldrains (SID) of the first PMOS and NMOS transi stors;
a second inverter including a second PMOS transistor and a second NMOS
transistor with a secord data node conprising interconnected source/drains
(SID) of the. second PMOS and NMOS transistors; wherein the gates of the

first Ryogsasg:first NMOS transistors are coupl ed gegusishgsosecond data node;
wherein the gates of the setond PMOS and second NMOS transistors are

coupled to th al a4 node; a first bit line; a second bit line; 82 WO
03/ 083872 PCT??%%@%%@?Q@I awite word line; and a first read word line; a

second read word line; an input switch including, an access transistor
including a fﬂﬁfgftre@@r@btwpl ed to the first data node and to the gate of
the second PMOS transistor and to the gate of the second NMOS transistor

and i ncl udi ng; @esrAacQ@A%ord ecoupl ed to one of the first bit line or the
second bit line and incl udi ng a gate coupled to the wite word line; a
first output switch i E‘g a first output transistor; a second output
transi stor; a?‘i‘dnpél't?“Y‘FE ©ehar ge path: wherein the first output transistor
has a fi rst SID coupled to the first discharge path and has a second S/D
coupl ed to a diarsts tBhistafinditingdto S0 auplpdio thetﬂraﬂahﬁdd@hncaed has a gate

coupled to o q‘.ﬁe gaﬁe of rt}% sgcong I’Mggttransm%g gnd(%cr) thte @%e (S)F tﬁe second NMOS

transistor and including a second S/D coupled to one of the first bit line or the

second bit line and including a gate coupled to the write word line;
a first output switch including,

a first output transistor;

a second output transistor; and

a first dischz;rge path;

wherein the first output transistor has a first S/D coupled to the first 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 S/D coupled to ohe of the;: -
first bit line or the second bit line and has a gafe Goupled to the first read word - -

line} and
a second output'_sv\:ri,t(':h ingludihg,-
.at‘tlli'rd optﬁuﬁ trahs;is-t.ch’;' -
a fourth output trénsistor; and
a second discharge path;

wherein the third output transistor has a first $/D coupled to the second
discharge path and has a second S/D coupled to a first S/D of the fourth ontput
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data node; and wherein the second output transistor has 'a -second SID
coupled to one of the first bit line or the second bit |line and has a
gate, coupled to the first read word |ine; and a second output swtch
including, a third output transistor; a fourth output transistor; and a
second di scharge path; wherein the third output transistor has a first SID
coupled to the second discharge path and has a second SID coupled to a

first SyBoffssdzhe fourth output 83 WO 03/083872 PChcEa3/69H99 transi stor
and has a gate coupled to the other of the data node or the second bit

line; and wheggigid M h@aEddtoRpitdi thelofiRAsTiRldah nhR%r BieS&6AM SI D coupl ed to
the other of the first bit line or the second bit |line and has a gate

coupl ed to théngegbnd read word line. 139. The integrated circuit of claim
138, wherein the first and second PMOS transi stor have a first threshold

vol tage;  whekgiminklRgodrihohundsisaeGaitk-MMDST doagled Bielotkave a second
threshol d voltage; . wherein the first access control transistor has a third

t hreshol d vol thgdest bishre or fhs&scandpitlg 29 heg ¢ satecopplrtio thaseeoRd G fourt h out put

transi stors hgymimefourth threshold voltage. 140. The integrated circuit
of claim 138, wherein the first PMOS transistor and the first NMOS

transistoy _are, high hr eshol.d tage transistors; wherein the second PMOS
Sandb HEeel i R 7%

transisto nsistor are high threshold voltage

transistors; wherein the first and second access control transistors are
| ow t hr eshol dwherein the first and second PMOS transistor have a first thresheld voltage;

wherein the first and second NMOS transistor have a second threshold
voltage;

wherein the first access control transistor has a third threshold voltage; and

whierein the first, second, third and fourth output transistors have a fourth
threshold voitage.

140. The integrated circuit of claim 138,

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 first and sécond access control transistors are low threshold

voltage transistors; and

wherein the first, second, third and fourth output fransistors are fow threshold .

voltage transistors.
141.  The integrated circuit of claim 138,

wherein the first PMOS transistor and the first NMOS transistor are high

threshold voltage transistors;
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vol tage transistors; and wherein the first, second, third and 'fourth
output. transistors are low threshold, voltage, transistors. 141. The
integrated circuit of claim 138, wherein the first PMOS transistor and the
first NMOS transistor are high threshold voltage transistors; 84 WO
03/083872 PCT/ US03/ 09599 wherein the second PMOS transistor and the second
NMOS transistor are high threshold voltage transistors; wherein the first

and secQa@zaesess control transistors are internedicgigofdoeshol d vol t age
transi stors; and wherein the first, second, third and fourth out put

transistors agg Lipwe E&Brﬁl%@tran&%} ﬁg%efs&:%ﬂémb@,rténms@aﬁm h%e I ntegrated

circuit of claim 138, wherein the first PMJS transi stor the first NMOS
transi stor ar@rﬁﬁ@ﬂwﬁﬂﬁﬁmégﬁ@mu vol t age tran3|stors, wherein the second PMOS
transi stor and the second NMOS transistor are high threshold voltage

transistors; Wheseid fifshdkichRf acBeonRQWLIRREESDichM0l transistors are
hi gh threshold vol tage transistors; and wherein the first, second, third

and fourth oubyssholdvolisesinatsisioss: aide | ow t hreshol d  vol tage transistors. 143.
The integrated circuit of claim 138 further including precharge circuitry

coupl ed to onkhereivmefitf, s, third iitfolibloutphitBunddtort Aelosamendidbi t |ine. 144. An
integrated circuit conprising: a latch circuit including, a first inverter
including a fY tage YBRYEPTS r ansi stor and a first NMOS transistor with a first
data node conprising interconnected source/drains (SID) of the first PMOS
and NMOS 142. arfBiesitegrated circuit of claim 138,

wherein the first PMOS transistor and the firsi NMOS transistor are high
threshold voltage transistors;

wherein the second PMOS transistor and the second NMOS transistor are high
threshold voltage transistors;

wherein the first and second access control transistors are high threshold

voltage transistoxs; and

wherein the first, second, third and fourth output transistors are low threshold

voltage transistors.

143.  The integrated circuit of claim 138 further including precharge circuifry
coupled to only one of thi_: first bit line or the second bit line.

144.  Anintegrated cifcuit cOmprisiﬁ’g: '
4 latch circuit in;cltiding, N

a ﬁrst 1nverter mclud.mg a first PMOS transistor and - a first NMOS transistor
witha ﬁrst data node compnsmg mterconnected source/drmns {(S/D) of the

ﬁrst PMOS and NMOS trans:stors

-

a second inverter including a second PMOS transistor and a second NMOS
transistor with a second datanode comprising interconnected source/drains

(S/D) of the second PMOS and NMOS transistors;
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a second inverter including a second PMOS transistor and a second NMOS
transistor with a second data node conprising interconnected source/drains
(SID) of the second PMOS and NMOS transi stors; 85 WO 03/083872

PCT/ US03/ 09599 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; afolfeded;z SW tch including, an first access tacghsssabes | ncluding a
first SID coupled to the first data node and to the gate of the second

PMOS transi st Qﬁerér?gle%ﬁestd?ﬁuegi?sttm%aﬁ 3008t ard & g@ da gigtor and

i ncluding a second SI'D coupled to a rst data access and including a
gate coupl ed thesegordideignodegcess control node; an second access transistor
including a first SID coupled to the second data node and to the gate of

the first PNC@thé‘n@ﬂl@Fﬁésfoth@@éioﬁ@l\ﬁ@@mﬁ%&%n@f%/ﬁd@ﬁmmﬂt&ﬁ areNMOS transi stor and
i ncluding a second SID coupled to a second data access node and including

a gate coupl e@“fléd'atl?éeﬁﬁﬂa%f@éess control node; and an output switch
coupled to selectably communicate a stored data value from one of the
first data noggn®tsvikBisra@agd data node to one of the first data access
node or the second data access node. 145. The integrated circuit of claim

144, wherein t rst P .t ransi and t N transi stor are
high thr eshoalngﬁs%?cfsgté%m%%ﬁ‘g{us‘%?%P%ﬁoweg ]hﬁﬁfsﬁéatas@ &% PMOS transi stor
and the secortdtmlyﬁﬁofthensdnﬂﬁ)momsmmghdtottlitr@mm&ﬂsmohdmgastran5| stors.
146: The i ntegrat.ed er|t of rein the first PMOS transistor
and the fi rsﬁgﬁmaﬁg‘ﬁ]& DY gﬁ?} Ou]r]zlkd%(’ﬁ\lﬁqsgﬁ%t 8°°\/58P?‘%é'8§t ransi stors;
wherein the sie@mhtta@m%oﬁpﬂedmrsaﬁmmccemmmdieo@econd NMOS transistor are high

an second access transistor mcluding 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 a second data access

node and including a gate coupled to a second access control node; and

aa output switch coupled to selectably communicate a stored data value from
one of the first data node or the second data node to one of the first data access

node or the second data access node.
145. The integrated circuit of claim 144,

wherem the Tirst PMOS trans1stor and the ﬁrst NMOS transistor are hlgh

-threshold voltage tran51stors and

wherem the second PMOS transmtor and the second NMOS trans1stor are high
th.reshold voltage tragsistors. -

146: ' IThe integrated eirc_uit of elaim 144,

_wherem the first PMOS trans1stor and the ﬁrst NMOS tran51stor are hlgh

threshold voltage tran51stors

wherein the second PMOS transistor and the second NMOS transistor are high

threshold voltage transistors; and
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threshol d voltage transistors; and 86 WO 03/083872 PCTI US03/ 09599 wherein
the first and second access control transistors are |ow threshold vol tage
transistor. 147. The integrated circuit of claim 144 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. 148. The integrated circuit
of claim 147 further including precharge circuitry coupled to only one of
the firglobissgshi ne or the second bit line. 149. TherhRépepated circuit of
claim 144, wherein the output switch includes, a first output transistor;

a second out ot ADRIBRAScooR el AGRAIR: REKR Rl n the first out put

transistor has a firs coupled to the discharge path and has a second
S/ D coupl ed tesitageftiansigorS| D of t he second output transistor and has a gate
coupled to one of the first data node or the second data node; and wherein

the second; oubiRGlted AN SESE AR P14 BRERBHABLUr ce/ drain coupled to one of
the first data access node or the second data access node and has a gate

coupled to a third access. control_nqde. 150. The integrated circuit of

claim1.49; V\%@Fté%‘tﬁm?ﬁ’é‘df‘ini‘lﬁ es&‘r‘?@r%gﬁf%ﬁ’a‘?“%“ ransi stor- have a first
threshol d voltage; wherein' the first and second NMOS transi storhave a
second t hr eshodeebnd bimlidicatye inclnkiexnisd saconth datf acct n@ind second access control

transi stor have a third threshold voltage; and 87 WO 03/ 083872

PCT] L TS0340958R }SRAIaHAR oot b il BORAIFLANAMLichiANS! Stors have a

fourth thres
coupled to only one of the first bit line or the second bit line.

149. The integrated circuit of claim 144,
wherein the output swi-tch includes,
a first output transistor;
a second output transistor; and
a discharge path;

wherein the first output transistor has a first 8/D coupled to the discharge path
and has a second S/D coupled to a first S/D of the second output transistor and

 basa gate coupled to one of the first data node or the second data node; and

~wherein the second output transistor has 2 second source/drain coupled to one
of the first data access_n_ode or the second data gecess node and has a gate

coupled to a third access, control fode.
150. The integrated circuit of claim 1.49;'
wherein the first and sccond PMOS transistor have a first threshold voltage;

, Whexﬂei_r_f the first and second NMOS transistor have a second threshold -

voltage;

wherein the first and second access control transistor have a third threshold

voltage; and
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| evel . 151. The integrated circuit of claim 149, wherein the first PMOS
transistor and the first NMOS transistor are high threshold voltage

transi stors; wherein the second PMOS transistor and the second NMOS

transi stor are high threshold voltage transistors; wherein the first and
second access control transistors are a |l ow threshold voltage transistors;
and wherein the first and second output transistors are |ow threshold

vol t agewols@aegt stors. 152. The integrated circuit pfredsabss 149, wherein the
first PMOS transistor and the first NMOS transistor are high threshold

vol tage transilolfe ﬁ%ﬁﬁ%&c@n&&ﬁ:nﬁ%ﬁ&&sﬁ% hdr@gtabifboiAgd the second NMXS
transistor are high threshold voltage transistors; wherern the first and
second accessie@bntrol transistors are intermediate threshold voltage
transi stors; and wherein the first and second output transistors are | ow

t hr eshol ds5¥ 0l 11RGRecritéRNehiBfRagn 14693. The integrated circuit of claim 149,
wherein the first PMOS transistor and the first NMOS transistor are high

t hreshol d vol t.age wher. ei cond P transi stor and the
second NMOS tYf %F%Q%?gﬁstséﬁégﬁ?‘ﬁﬁm?’m@giﬁ%t@ Fansiger ¥ gl st ors; 88 WO
03/ 083872 PCHtlHoR3ARA%amtieesci N the first and second access control
transistors are high t hreshol d voltage transi stors; and wherein the first

and second oubput, & A0S S lifol SN mteggcg§mss¥r%s}sﬁg o tghANSi StOr's.

threshold voltage transistors;

wherein the first and second access control transistors are a low threshold

voltage transistors; and

wherein the first and second output transistors are low threshold voltage

transistors.
152,  The integrated circuit of claim 149,

wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage transistors;

wherem the second PMOS trans:stor and the second NMOS transistor are high
threshold voltage transistors,

~ wherein the first and second access contro} transistors are intermediate

: threshold vo_ltége‘ transistors; and ~

wherein the first and _secgncf output' transistors are low threshold letage

transistors.
153, The integrated circuit of claim 149,

whereiq the first PMQ_S_I;&_nsisto; and the first NMOS transistor are high
threshold voltage transistors;

wherein the second PMOS transistor and the second NMOS transistor are high
threshold voitage transistors;
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154. The integrated circuit of claim 149 further including: a first bit
line which includes the first data access node; a second bit |ine which

i ncl udes the data second access node; a wite word |ine which includes the
first and second access control nodes; and a read word |ine which includes
t he second access control node. 155. The integrated circuit of claim 154
further including precharge circuitry coupled to only one of the first bit

| i ne orwbheoseeond bit line. 156 An integrated cigcgHishsne@spri sing: a latch
circuit including, a first inverter including a first PMOS transi stor and a

first NMOS trangkis ieffirst WdlsBooRld hdohsS bonflBf tAniQ0art RizR ikeihd}@ | Nt er connect ed
source/dralnswéS/D) of the first PMOS and NMOS transistors; a second

i nverter incl teliagfraasigagiormd PMOS transi stor and a second NMOS transi stor
with a second data node conprising interconnected source/drains (SID) of

the second PMykeran the MMORdlsERAG bihu® brisistoR QbW ik RBolgA@g of the first PMOS
-and first NMOS transistors are coupled to the second data node; wherein

the gates of FHES®Econd PMOS and second NMOS transistors are coupled to
the first data node; a first bit line; 89 WO 03/083872 PCTI USO3/ 09599 a

second bis4l i Migsintegrited diui\elcthirh il #efurtid theluding:ead word |ine; an input swtch
including, a first access transistor including a first SID coupled to the

first data nod . to. 1he gat.e of ;the second PMOS transi stor and to the
gate of the s%@%ﬁ%qﬁﬁﬂﬁmﬁF?%%?%?F%?dgﬁaC?ﬁ@?ﬁﬂing a second S/D coupled to

the first bit line and including
a second bit line which includes the data second access node;

a write word line which includes the first and second access control nodes;

and
a read word Iine which includes the second access control node.

155. The integrated circuit of claim 154 further including precharge circuitry
coupled to onty one of the first bit line or the second bit line.

156.  Anintegrated circuit comprising:
a latch circuit including,

a first inverter including a first PMQS transistor and a first NMOS transistor
with a first data node comprising interconnected source/drains (8/D) of the
first PMOS anid NMOS transistors; = - ‘

a second inverter includiné a second PMOS transistor and a second NMOS
transistor with a second data néde comprising interconnected _spuycefdréins
'(8/D) of the sccond PMOS and NMOS transistors: B
whercin the gates of the first PMOS and first NMOS ‘transistors are coupled to

the second data node;

s oo C . [

wherein the gates of the second PMOS and second NMOS transistors are
coupled to the first data node;

a first bit line;
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a gate coupled to the wite word line; 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 bit Iine and including a gate coupl ed
to the wite word line; and an output switch including, a first output
transistor; a second output transistor; and a discharge path; wherein the
first owbpsbssésansi stor has a first SID coupl ed t epdiiRefbsgharge path and
has a second SID coupled to a first SID of the second output transistor and
has a gate coypl.g¢hgizene of the first data node or the second data node;
and wherein the second output transistor has a second SID coupled to the
one, of the first bit line or the second bit Iine and has a gate coupl ed
to the read mﬁWHw‘WF%@$3T§7. The integrated circuit of claim 156, wherein
the first and second PMOS transi stor have a first threshold voltage; 90 WO
03/ 083872 PCThidaD36@BRO9 wherein the first and second NMOS transi stor have
a second threshold voltage; wherein the first and second access control
transi stors hgwvs D r hreshol d vol tage; and wherein the first and
second out put @%ﬁg%g gggﬁﬁﬁve a fourth threshold voltage. 158. The
integrated circuit of claim 156, wherein the first PMOS transistor and the
first NMOS trafustasecsy ranpigoripgnlingtatips SAbtayplodlotiedbst ditanadegadbr s; wherein the
second PMXS t{,30sSdakloPlhe 86hdlBMOS £HS00: MYERnE FANTHRQon@lfi08 gh  threshol d
vol tage transistors; wherein the first and second access control

transi st ors af@siptepang fckidipgp gpcond S/D coupled to the first bit line and including

a gate coupled to the write word line;

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 bit line

and mcluding a gate coupled to the write word line; and
an output switch including,

a first output transistor;

a second output transistor; and

a discharge path;

 wherein the first output transistor has a first S/D coupled to the discharge path '
a.hd lias a second 5/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‘tranéist@i has a second S/D coupled to the one of
. the first bit Iine or the second bit line and has a gate coupled to theread word  +

line.
157.  The integrated circuit of claim 156,

wherein the first and second PMOS transistor have a first threshold voltage;
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vol tage transistors; and wherein the first and second output transistors
are low threshold voltage transistors. 159. The integrated circuit of

cl aim 156, wherein the first PMOS transistor and the first NMOS transistor
are high threshold voltage-transistors wherein the second PMOS transi stor
and the second NMOS transistor are high threshold voltage transistors;'
wherein the first and second access control transistors are internedi ate

t hr esholyg oy@hiage transi stors; and wherein the firgrgpdesgcond out put
transistors are low threshold voltage transistors. 160. The integrated

circuit of cl ghdRil Bl firs? dnd MR SN IGhRsidr ThddAM AP BRMMer ein the first PMOS

transistor and the first NMOS transistor are high threshold voltage
transi stors; WHhegein the second PMOS transistor and the second NMOS
transi stor are high threshold voltage transistors; wherein the first and

second accesSwhddh e lfirst £ARSIoRd RESs amBolHablistdrh08 B il throgtlid age transi stors;
and wherein the flrst and second output transistors are |ow threshold

vol t age tran§T§$bﬁ§ 161. The integrated circuit of claim 156 further
i ncluding precharge circuitry coupled to only one of the first bit line or

t he second bi #herdime fikbahd s&dnd diip@g-akisdrshhve@Ubrthaiaegpsli sbitage. a | atch circuit
including, a first inverter including a first PMOS transistor and a first

NMOS t ransi, st with o a f.ir d node conpri sing interconnected
source/dﬁa%néﬂf§rﬁgmﬂ%mn¥# ﬁ# rﬁ%ﬁPNCS and NMOS transistors;

wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage transistors;

wherein the second PMOS trausistor and the second NMOS transistor are high
threshold voliage transistors;

wherein the first and second access control transistors are low threshold

voltage transistors; and

wherein the first and second output transistors are low threshold voltage

transistors.
159.  The imntegrated circuit of claim 156,

wherein the first PMOS transistor and the first NMOS transistor arc high
threshold voltage'transisth'

wherein the second PMOS transistor and the second NMOS transistor are high
threshold voltage trans1stors S

whereln the first and second access control tranmstors are 1ntenned1ate

threshold voltage transxstors ~and

wherein th_q first and S,e""?n,d Qutp_;_;f: transistors are low threshold voltage

transistors.

160. The integrated circuit of claim 136,
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a second inverter including a second PMOS transistor and a second NMOS
transistor with a second data node conprising interconnected source/drains
(SID) of the second PMOS and NMOS transi stors; 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; a first access
transi sivehsasegt uding a first S/D coupled to the fipcglysélabsdo Node and to the
gate of the second PMOS transistor and to the gate of the second NMOS
transi stor anghdiehbHisNMes SERRA R FQNREHinRisd: Jréﬁjgﬁ data access node
and including a gate coupled to a first access control node; 92 WO

03/ 083872 P soBl ol fansistssond access transistor including a first SID
coupled to the second data node and to the gate of the first PMOS

transi stor anghddh hd@cOAPIOS trdnkiGod dnll B secHMIDDE Hasisth Ae hgad i ncl uding a
second SID coupled to a second data access node and including a gate
coupl ed to thBrefioldyplage gansistosont rol node; and a first output switch coupl ed
to selectably communicate a stored data value fromone of the first data
node or the seeafitthdfbiamdsdendaocess@nted! rhddRtokd ArSHigithategholdiccess node or the
second data access node; and a second output switch coupled to sel ectably
comuni cate a° %8% 1S §¥£n€alue fromthe other of the first data node or

t he second data node to the other of the first data access node or the
second data adesschafistlend $6d oftpet trangises at oy thicslold voltgfe cl ai m 162, wherein
the first P L@nsistor 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. 164. The

i nt egrat &6l ciThe intagragpe cgqugioﬁplglgle,% further including precharge circuitry

coupled to only one of the first bit line or the second bit line.

162.  Anintegrated circuii comprising:
a latch cirenit 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 combn'sing interconnected source/drains
(S/D) of the second PMOS and NMOS transistots;

wherein the gates of the first PMOS and first NMOS .transiStors are coupled to

 the second data node;

"whereiq Ithe’ g‘a’ce;é'.. c}f tﬁe'seco_ndAPMOI_S and second NMOS transistors are
coupled to' the first datanode; . &

R I Cooa F ) - Low

“an input sWitch including;~ * 7

a first access transistor including a first S/D coupled fo 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;
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wherein the first PMOS transistor and the first NMOS transi stor are high
threshol d voltage transistors; wherein the second PMOS transistor and the
second NMOS transistor are high threshold voltage transistors; and wherein
the first and second access control transistors are a |ow threshold
voltage transistors. 165.r The integrated circuit of claim 164 further
including: a first bit line which includes the first data access node; and

a secon@olabissdzh ne that includes the second data aagefsowede. 93 WO
03/ 083872 PCTXS03/ 09599 166. The integrated circuit of claim 164 further

i ncl uding pr e@é@@&ﬁ%c&ssrtﬁhu;swrmuaﬁagBka?sdsmoeﬂédvtoma%ecgﬁd&atae first bit line or
the second bit |ine. 167. he mte&tated circuit of claim 166, wherein the

first output W?@iomﬁéﬂ%@?ﬁm&w tgansighox Fd to the gasgidheditst a second out put
transistor; aﬁﬁosamﬁalﬁ&tm@thasd?q&%cms}b colfA8d BlaRedoftfaatd doshs OUt put
ou

transistor has a first SID c ed to the Tirst discharge path and has a
second S/ D co%PﬁF@H“@C@JdalgfmgﬁtgFO“SleE)tQﬁle figteacesseeoniclaodpard  transi stor and has
a gate coupled to one of the first data node or the second data node; and

wherein the sggenepottt colplais isgé@ibiBinans a6 Pst-Eld waYpl ed to one of the
first data access nqode or the second data access node_and has a gate

coupl ed to afhedt Be fistdetangs ordbe ssenmd datapge g 0¢ &f the fisidatdecond out put

swi t ch i ncl udggess node bilthd HeAB BRI cctsk aill sadr; a fourth output transistor;
and a second di scharge-path; wherein the third-out put tranS| stor has a

first /D¢ Ouép leg()gldt C{'p tt Qv%t oup?e% to selectably communicate a stored data value

from the other of the first data node or the second data node to the other of the

first data access node or the second data access node.
163. The integrated circuit of claim 162,

wherein the first PMOS transistor and the first NMOS transistor are high
threshold voltage iransistors; and

wherein the second PMOS trausistor and the second NMOS transistor are high
threshold voltage transistors.

164. The integrated circuit of claim 162,

wherein ﬂle first PMGS trans:stor and the first NMOS transistor are i gh
threshold voltage trans1st0rs

wherem the second PMOS transmtor and the second NMOS transmtor are high .
threshold voltage trans1stors and '

wherein 'the ﬁrs’t and second--aiccess contr;)l trangistors are a low threshold -
voltage transistors. ~

165 Theintegrated circnit of claim 164 further incloding: -~ - =~ = >
a first bit line which includes the first data access node; and

a second bit line that includes the second data access node.
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di scharge path. and has a second S/D coupled-to a first SID of the fourth
out put transistor and has a 'gate coupled toy 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 other of the first data access node
or the second data access node and has a gate coupled to a fourth access
control node. 94 WO 03/083872 PCT/ US03/ 09599 168. The integrated circuit
of cl ai wob§sswherein the first and second PMOS t nafifkssingue have a first
threshold voltage;,:. wherein the first and second NMOS transi stor have a
second t higgs holednihtPGRit YWRBER 1 AR Inbindihs fRCh-SLeRAGyaCCESS control
transistors have a third threshold voltage; and wherein the first, second,
third and foufotpledigroplytong pidbecirs b Hae ahrsceond biylneh  t hr eshol d val ue. 169.
The integrated circuit of claim 168, wherein the first PMOS transistor and

the firstieNMCEhetiftaisibddi0nit cRmhi@h threshold voltage transistors; wherein
the second PMOS transistor and the second NMOS transistor are high

t hreshol d vol tage Lransistors: erein the first and second access control
transi stors a‘?‘gegeil @?Fﬁﬁf%%ﬂ?g’f“ﬂm%yf‘{jeége transi stors; and wherein the first,
second, third and fourth output transistors are |low threshold voltage
transi st ors. .a if@uipPHeniisieregr ated circuit of claim 168, wherein the first
PMOS. tran'sist'or and the first NMOS transistor are high threshold

vol tage transj3tpb supashisaidt ffe second PMOS transistor and the second NMOS
transi stor are high "threshold voltage transistors;

a first discharge path;

wherein the first output transistor has a first S/D coupled to the first 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 S/D coupled to one of the
first data access node or the second data access node and has a gate coupled to

a third access control node; and

wherein the second output switch includes,
a third oﬁfpﬁt transistor;

a; fourth output t;an-éistor; and

a second discharge faﬂi;

'wheieiﬁ the tliird.Out'put»'tfansistbr'r has a ﬁrst S/D co'upled.to the second
discharge path.and has a second /B, coupled-to a first /D of the fourth output
transistor and has a gate coupled td’ the other of the first data node or the

second datanode; and . .
. . e b .. oo “_-.E.- - 4+

wherein the fourth output transistor has a second source/drain coupled to the
other of the first data access node or the second data access node and has a

gate coupled to a fourth access control node.
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wherein the first and second access control transistors are internediate
threshol d voltage transistors; and 95 WO 03/083872 PCT/ UTS03/09 99 wherein
the first, second, third and fourth output transistors are |ow threshold
voltage transistors. , 171. The integrated circuit of claim 168, wherein
the first PMOS transistor and the first NMOS transistor are high threshold
vol tage transistors; wherein the second PMOS transi stor and the second NMOS

transi svehs@se: hi gh threshol d vol tage transi stor $cril@rhedn the first and
second access control transistors are high threshold voltage transistors;

and wher ejg. t g ifktrfta ciRBEOMNEimtB4,r d and fourth output transistors are | ow
threshold voltage transistors. 172. The integrated circuit of claim171

furt her |ncIudL ? a first bit_line which includes the first data access
node: a secondP®R the fishangdisecond PMOP frapsistor have a fiphihesgholhptagseess node: a write

word |ine which includes the first and second access control nodes; and a
read, word [ i wkershinihe Frst a0dlsecdRBENMOS Hahdistal haved séoond thikstRkcess control nodes.
173. The |nte ated circuit of claim172 further including precharge
circuitry P& t o only one .of the first bit line "or the second bit
line. 1.74. An i nt egrated circuit conprising: a latch circuit including, a
first invert ewhdremcthe fistagd sechid tesPMMOSol tiramsipirsitans a thinditheeshdld st NMOS

transi stor m% a first data node conprising interconnected source/drains
(SID) of the MOS and NMOS transistors; 96 WO 03/083872

PCT/ US03/ 09599 .
wheretn the first, second, third and fourth output transistors have a fourth

thresheld value.
169. The integrated circuit of claim 168,

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 first and second access control transistors are low threshold

voltage transistors; and

wherein the first, second, thlrd and fourth ouiput transistors are low threshold .

* voltage transistors..
170.  The integrated circuit of claim 168,

. wherein the first PMOS tran51stor and the ﬁrst NMOS transistor are high

 threshold voltage tranmstors

. wherem the second PMOS transistor, and the second NMOS transistor are high
thrcshold voltage t]an,szstors, _'

wherein the first and second access control transistors are intermediate

threshold voltage transistors; and
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a second inverter including a second PMOS transistor and a second NMOS
transistor with a second data node conprising interconnected source/drains
(S/'D) of the second PMOS and NMOS transi stors; 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; a first bit line; a second bit line; a

wite wRbdsidssgre; and a first read word line; a sagerdsiessl word line; an
input switch including, a first access transistor including a first S/D

coupl ed to thgxbiih gk ﬁgff‘tséboﬂp H6a afouttou ?lreglﬁgtgrs Qlfe I&vpﬁreslﬁ)ﬁic ond PMXS

transistor and to the gate of the secon MOS:  transistor and including a
second SI D cotgleefrangstgpe of the first b|t line or the second bit line and
including agate coupled to the wite word Iine; a second access transistor

i ncluding7ia fidisbgnbddieatstBsh tes, t he second data node and to the gate of
the first PMOS transistor and to the gate of the first NMOS transistor and

i ncl uding a second,S/.D edtothe th f thefl st bit line or the
second bit |.W’éﬂ%\ﬁﬁefﬁ&ﬁﬁ§$}1@5§m§é&d@ Bﬂﬂﬁ\@g?@mﬁ‘%&r ighe word line; a
first output asHotdvolielhudisegs;' -. a first output transistor; a second
out put transi stor and 97 WO 031083872 PCT/ US03109599 a first discharge

pat h; wherein Lrst t t.r.ansi tor f[1) oupled to the
first dischar geerem ar ﬁecondmcgbu S A e @%@Pé’éﬂ%s © fgﬁst SID of the
second out putthreshold voltage transistors;

wherein the first and second access control fransistors are high threshold

voltage transistors; and

wherein the first, secend, third and fourth output transistors are low threshold

voltage transistors.
172.  The mntegrated circuit _of claim 171 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 and second access control nodes;

and
a read word line whjc_.h incl_t.ldes tbe thira and‘fbuﬁ-h Access coﬁtfol nodes. -
173.  The integrated circuit of claim 172 further including precharge clrcu]try
.coupIEd to onIy one of the ﬁrst bit Ime or the second bit line.
174. _,AIl,Aintegrated circuit comprising:

“alatch cirewif including,

PR - Mmoo

a first inverter iﬂcluding 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 tranststors;
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transi stor 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
SID coupled to one of the first bit line or the second bit |ine and has a
gate coupled to the first read word line; and a second out put switch
including, a third output transistor; a fourth output transistor; and a
second di scharge path; wherein the third output transistor has a first SID

coupl edwb@s/ishye2 second di scharge path and has a seg@mgspésd coupled to a
first SID of the fourth output transistor.and_has a_gate_cqupled to the

other of the gathiRedRr®lolldle 1SEERMOS fransision S 2208 RIRI N the fourth

out put transistor has a second SID coupled to the other of the first bit

line or the s@%@%@rwﬁha%@Nﬁﬁéah%BC@mgéméH%@ﬁwmﬁ&dF@mEWENQecond read word

Be. 175. The (obR@HRtQEnLoNO8Lid @08 hais@ok/ 3, © Wwherein the first and second
PMOS transi st or have a first thresﬂ vol t age; mhereln the first and

second NMOS transi stor have a second threshold _'voltage; wherein the first

and second ac?f}éeé%n@6ﬁ%t?scﬂfﬂlerﬂésﬁgM%GFdsﬁﬁmo§“W}SWaﬁﬁ%@?fﬁpd vol tage; and

98 WD 03/ 0838iF2sebsal/aue@edd 9599 wherein the first, second, third and fourth
out put transistors have a fourth threshold voltage. 176. The integrated

circuit of cl wherein t rst P ransi.stor and the first NMOS
transi stor arvghﬁFﬁ”b eéatt??rogﬁ'ﬁﬁ?"am{}ﬁf{)%@’gsfcf’& dreEsisiQif¥F ei n t he second PMOS

transi stor anduflfitto#edondatbhhéds; t ransi stor are high
a first bit line;
a second bit line;
a write word line; and
a first read word line;
a second read word line;
an mnput switch inchuding,

a first access transistor 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 one of the first bit line or the

second bit line and ineluding a gate coupled to the wiite word line;

a 'éecolnd'accéss tr:ans'ist'or inélil_ding a first /D cﬁﬁp'led to the éecond data.
.node and to tﬁe gate o_fthg first PMOS franéistor and to the gatc of the first
NMOS transistor and inciuding a second S/D coupled to the other of the first -
bit line or the second bit line and including a gate coupled to the write word -

. Iing;
4 first output 'siﬁifctfiﬁcludihg, N
a first output transistor;

a second output transistor; and
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t hreshol d voltage transistors; wherein the first and second access control
transistors are low threshold voltage transistors; and wherein the fast,
second, third and fourth output transistors are |low threshold voltage
transistors. 177. The integrated circuit of claim 175, wherein the first
PMOS transistor and the first NMOS transistor are high threshold voltage
transi stors; wherein the second PMOS transi stor and the second NMOS

transi stvenhsese2 hi gh  threshol d vol t age transi stor SicrwlReedsn the first and
second access control transistors are internediate threshold voltage

transistors; gﬂgtm}%{% gt he first, second, third and fourth output
transistors are | ow threshol d voltage transistor's. 178. : The integrated
circuit of clajm175; wherein the first PMOS transistor and the first NMOS
transi stor ar B e feshowlri angisigphap a Get $/Psasmiecto he firshtieshaien t he second PMOS

transi stor anghi 4@ hiseGededd M Bufitan s inst 9D AHR stoBdloutgudr eshol d vol t age
transi stors; 99 WD 03/083872 PCTI US03109599 wherein the first and second

access cont r offansistarped b3sgreate spupled to,anefithe Bribfag nogeerithesecord ansi st or s;  and
wherein the fa#sdode;s@80Nd, third and fourth output transistors are |ow
threshold voltage transistors. 179. The integrated circuit of claim 175

farther includj rech e Cl rcui ed to onl e of the first bit
line or the s‘gfée(‘i‘%‘ﬂgf)f’ef‘oq Opigut t‘f@%&‘torkﬁy"} ﬁ%‘f"é‘g B&% cogpigd P@H%l?iotgeo mprising: a bias
vol t age suppl Srsttiidiae ordhddetdnt bit ligy 00 sk an@d @oupled to the first read word

line; and

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 S/D of the fourth output
transistor and has a gate coupled to the other of the data node or the second bit
line; aﬁd '

wherein the fourth output transistor has a second S/D coupled to the other of
the first bit Ime or the second bit lme and has a gate coupled to the second read .
Word line. ‘ o ' '

175. The integrafted circuit of claim 173,
\i{hexjein the first and second PMOS tréngistor have a first threshold voltage;

* hétein thie first and secorid NMOS transistor havé a second thréshold

“Voltage; -

wherein the first and second access control transistors have a third threshold

voltage; and
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a first NMOS transistor including a first S/D coupled to the virtual ground
node and i ncluding a second SID coupled to the bias voltage supply node and
including a gate coupled to a first node control node; and a second NMOS
transistor including a first SID coupled the virtual ground node and
including a second S/D coupled to the first node control node and

i ncl udiwg odesg@t e coupled to a second node control mrodessb8dy The integrated
circuit of claim180; wherein the bias supply voltage node is coupled to a

| over power w&%;yglkwlseco}aw%ﬂaﬂdmﬁhw lraHRERs ¥:084 fRkmnode i s coupled to
receive a first node control’ signal that that turns on the first NMOS

transi st or i niheeshoktvaltege. node and that turns off the first NMOS transistor.
in a standby node; wherein the second. node control node, is coupled to

receive g- §90ﬂ[éqnt9?%‘dc;FchFBfé?A1m%’}9“a| that twins on the second NMOS
transistor in a mode and " t1 at turn off the second NMOS

transistor in an active npde; and wherein the second mpde control signal

has a val ue IWnthﬁéfﬁtﬂ@sltwor%%Wéﬁr%ﬁwsgﬂqnﬁi‘}%‘lmw&}h the driver is in
the standby ngde andibdarageasd NMOS transistor is turned off and the
third NMOS transistor is turned on. 100 WO 03/ 083872 PCT1U803109599 182. A
nmet hod of switching the circuit of cI i m 180%@&% n a ve node and a
st andby node WEgH fogsergad IYIQS tragsistor gn ‘Ffeﬁﬂﬂéi 15 rfﬂg power supply

| evel ; provi dhReholdvdiiBE thhdisiérs;node control node a first node control signal
that that turns on the first NMOS transistor in an active mode and t hat
turns off the firs t ransi st or st and and providing to

t he second m@?‘%‘b&'ﬁﬁ&ygﬁéﬁ“é’n a‘?&%%?flimﬂﬁ"b"é S%ﬁf%‘“ﬁgfsg‘%lg that turns on

t he second Nl\»maéer@nﬁgt&g;oindl n a standby node and that turns off the second
NMOS t ransi stor |n an active node; wherein the second node control signal

has a val ue | oner, h0% DS MikAaF foulth BRbY tlaf¥ers 4010 relofi1dPY mode.

voltage transistors.
177. The integrated circuit of claim 175,

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 first and second access control transistors are intermediate

. threshiold voliage transistors; and

wherein the first, second, third and fourth outpixt transistors are low threshold

voltage transi‘stor's. .
178. - The mtegrated mrcmt of clalm 175,

’wherem the ﬁrst PMOS translstor and the ﬁ,rst NMOS transistor are high
‘thrésHold voltage transistors;

wherein the second PMOS transistor and the second NMOS transistor are high
threshold voltage transistots;
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183. An integrated circuit driver circuit conprising: a first bias voltage
node; a second bias voltage node; a first node control node; a second node
control node; an inverter circuit including a PMOS transistor and a first
NMOS transistor; wherein the inverter includes a. data node conprising
interconnected first source/drains (SID) of the PMOS transistor and first
NVOS t ravpsksdhgh Wherein the inverter includes an i rpegrdseroogont r ol node
coupl ed to gates of the PMOS transi stor and first NMOS transistor;

wherein a seco d S/ he P transistar is led to the first

bi as, node; 2’8{9 RS0 PR APy cqnﬁ?# Bf‘ﬁﬁrsﬁwg‘fﬁig}fm%?% coupled to a
second SI D ofvbm%euhmkﬁi&NMES transi stor and including a second SID coupl ed
to the second bias node and including a gate coupled to the first node

control node; 31083 S03109 athird t ransi st or

i ncluding a fi'f }‘5 emév\%ﬁ i?ﬁ?‘%d%’r‘ ‘{sflgj‘é"gh‘?}‘%??%mﬁlft‘}fsﬁéelwwf’w% oS transi st or
and i ncl udi ng valifgeeaitiotd, D coupled to the first node control node and
including a gate coupled to the second nDde control node. 184. The driver

circuit of,,clgim 183, wherei.n, th s node is.coupled to a higher
power sup%lgy 8y B e STt PEflgin @es S RBEE TS UEHP ed to a second

| ower power sumpleﬁtcbaﬂjebnedMI:ertmtmtlmetherﬁtonﬂ”bdhn@ontroI node is coupled to
receive a first node control signal that turns on the second NMOS

transi st ifn_an active node and that turns off the
second N tggégéﬁéH&Wﬁﬁclﬁ%mmérlver is in a standby node; wherein the

second node control node is coupled to receive a second node contro
signal that tabPrsvadiaseseplynpdel NMOS transistor when the driver is in a
standby node and that turns off the third NMOS transi stor when the driver
is in an acti ¥e@iiRdLoundchevherein the second node control signal has a

val ue | ower than the | ower

a first NMOS transistor including a first S/D coupled to the virtual ground
node and including a second S/D coupled to the bias voltage supply node and

including a gate coupled to a first mode control node; and

a second NMOS transistor including a first S/D coupled the virtual ground
node and including a second S/D coupled to the first mode control node and
inchiding a gate coupled to a second mode control node.

181.  The integrated circuit of claim 180;
wherein the bias supply voltage node is coupled to a lower power supply level;
wherein the first mode control niode is coupled to receive a first mode control
signal that that turns on the first NMOS transistor in an active mode and that

tums off ‘the first _NMOS trahsistor. in a stqm’dby 'mode;

wherrem the second mode control node is coupled to Teceive a second mode

contro} 51gnal that tums on the second NMOS tra,nsmtor ina standby 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.
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vol tage supply |l evel when the driver is in the standby node and the second
NMOS transistor is turned off and the third NMOS transistor is turned on.
185. The driver circuit of claim 183, wherein the first control node is
coupled to receive an address information. 186. 'The driver circuit of

cl ai mLl83, wherein the first control node is coupled to receive an address
signal wodsywhesein the data node is coupled to rececyvasaoywyd |ine signal
18.7. "The driver circuit of claim 183 further including: a virtual ground

node; " ein the ,second. SI.D of . first transi .S coupled to
the Vi rmp &JB%I??(SI oﬁﬁ‘?ﬂi‘g,gm%hf %‘%@ﬁﬁ%@é’%%%%@%@%@“%er ein the first
SID of the segmamibyMyiESdnpaisisg:stor is coupled to the virtual ground node;

and wherein the first SID of the third NMOS transistor is coupled to the

virtual groupd node; .188. The driver cjrquit (of claim 183, wherein the
first bias no ‘85?189XB%%%H”‘%"%%Wﬁj"’p‘”é’ﬂ%?ﬁg?ftﬁ%lty; wherein the second bi as

node is coupled to a VSS power supply; wherein the first nobde control node
is coupl ed t opmeidg wethé firssnoderdetrad oederadirst meilgerairoksiganl theitheh VDD si gnall

value that turns on t I i t iver is in the
. fg{\gp,% h&first

active node aﬁ’aﬂst"ﬁﬁle %gﬁ\?ﬁ%@%{m va#ﬁen?h%?g%n&rtl\r{\\’gﬁ&gfo the second NMOS

transi st or whaiviGShieanvikienintlslendbyinwde; and i n t he standby nobde; and wherein

t he second node control node is coupled to receive a second node control

signal that t . i Iéqg@ ' Lver is in a
st andby node g‘%gl%g%ﬁlg%F%@%ﬁf t eléﬁ??gécﬁ%owgﬁgoﬁgﬁa?%myen the driver
is in an act twme onteeecoh@BMOS transistgrin e etdndbly modé anddhdt wews dfthe ui t conpri si ng:

second NMOS transistor in an active mode;

wherein the second mode control signal has a value lower than the voltage

supply level in the standby mode.
183. An integrated circuit driver circuit comprising:
a first bias voltage node;
a second bias voltage node;
a first mode control node;
a second mode conirol node;
an inverter circuit including a PMOS transistor and a first NMOS transistor;

wherein the inverter 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 fiksf NMOS transistor;

wherein a second S/ of the PMOS; transistor is coupled to the first bias node; -

a second NMOS transistor including a first $/D coupled to a second S/D of the
first NMOS trausistor and including a second S/D coupled to the second bias

node and including a gate coupled to the first mode control node;

i



a first bias voltage node coupled to a higher power supply level; a second
bi as vol tage node coupled to a | ower-power supply level; a first node
control node; a 'second node control node; P address signal line a word
line; a virtual ground node; 103 WD 03/083872 PCTJUS03109599 an inverter
circuit including a PMOS transistor with a first source/drain (SID)

coupl edwh@sbdagaword |ine and a first NMOS transi st ecrikésesefirst SID
coupled to the word line; wherein gates of the PMOS transistor and first

NMOS transi stor, ar upl ed to _the_address sjgnal line; erein a second
SID of the PNE@“SM?E%WOF wolngips &t ?’b "‘f’%edlf‘ﬁ?%efonﬂiszgoﬂgge; wherein a
second SID of ﬁPshﬁMﬁS&n%hsiM@din&l@ﬂﬁﬁ%&E&bnd D eodeslthk Grst edevi rtual  ground
node; a second NMOS transistor including a first SID c?u | ed to the virtual

ground node &9l NRde adiwdrdinedgas sarpiidrd s SprRtmed COMEP! 88Cond bi as node and
including a gate SID coupled to the first node control node; a third NMOS

transi st a4l Nghddivekiuif dffcklim $83F) coupl ed the virtual ground node and
i ncluding a second SID coupled to the first node control node and

including a gate .cqu .to the second de contrqgl,ngde; wherein the first
node control Wﬁ@nﬁqu’Esgglﬁf’é‘ﬁiefS&"P@E‘&P\%ﬂ@e‘fpﬂ”g’isu Hkvgontrol si gnal that
that turns on the second NMOS transi stor when the driver is in an active

node and t hat wherein theacédond biss mde B rouphidiipa sacamkpserpowersepply kecldri ver is in a
st andby node; wherein the second node control node is coupled to receive a

second mode. GR0LE ol 54 4R cohBAobutE 0p0R el il siPB6RNS] SLor when

the driver is1na at turns o ird NMOS
transi st or wheignat thet taing erethe segond 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 mode; wherein the second mode control node is coupled to receive 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 xvyen

the driver is in an active mode; and

wherein the second mode 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.

185. The driveF circuit qf claim 183_,
* wherein the first control node is coupled to receive an address informiation.
1.86. ' fI“he driver ¢ircuit of clalm 183,
_- ) Whmm the first control node is coupled tq_rebei‘i/e an address signal and
" wherein the &ﬁ;fa Iilc?de is goﬁﬁl.eél. tb re(!:;laixfé a .w.'ord line signal.
1 87. Thednvercucmt ofc1a1m183 further mcludlng |
"a in:rﬁl’al g}éu'nd node;”

wherein the second S/D of the first NMOS transistor is coupled to the virtual

ground node;
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in an active node; and. wherein the second node control signal-has a val ue
| ower than the -lower voltage supply | evel when the driver is in the

st andby node and the second NMOS transistor is turned off and the third
NMOS-transistor is turned on. 190. A nethod of controlling switching of the
driver circuit of claim 183 between an active and a standby node

conpri siyp@inseupl i ng the first bias node to a hi ghetTpesmessssupply | evel

104 WD 03/083872 PCT/ US03/ 09599 coupling the second bias node to a second

| ower power suppl.y. .|l evel; .providi t he ntrol node a first
node contr ol gﬁgﬂéwﬁﬁﬁigﬂ%?éﬁe“?ﬂﬁﬂ@ﬂ%ﬁﬁpﬁgmqémmgﬁq%wﬁﬁw 4nsi stor when the
driver is in apudGbdd/enfiode and that turns off the second NMOS transi stor
when the driver is in a standby node; and providing to the second node

control node secon e coni.r ' t hat he third NMOS
transi stor whe er?“ﬁg"e%fsi%rOf;ﬁkarlf“ﬁﬁgh@tggﬁﬁ%smﬁ%ﬁupley{?%et‘%%faﬁ turns of f the
third NMOS trap&idsib@:; when the driver is in an active node; wherein the
second node control signal has a value lower than the | ower voltage supply

| evel lver i.s standby node and the second NMOS
tranmstgg8 J&H@&“ﬂ??ﬁgﬁﬁnpﬁé third NMOS transistor is turned on. 105

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 vatue that turns on the second NMOS transistor
when the driver is in the active mode and that has a VSS-AV value that fumns
off the second NMOS transistor when the when the driver is in the standby

mode; and ‘

wherein the second mode control node is coupled to receive a second mode
control signal that turns on the third NMOS transistor when the driverisin a
standby mode and that turms off the third NMOS transistor when the driver is

in an active mode.
189. A integrated circuit driver circuit comprising:
a ﬁifs"g bias voita'ge node coupled to a higher power supply level;
.a second bias Vol:tage node c‘c;u.plecll’to a Iowe;rrl')o'wﬁei’ supply level;
a ﬁrgt qué control Tode;
a ‘Secor}d mode control npdé;
v addves sigial T,

a word line;

a virtual ground node;
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190.

an inverter eircuit including a PMOS transistor with a first source/drain (S/D)
coupled to the word line and a first NMOS transistor with a fixst S/D coupled

to the word line;

wherein gaies 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;

a second NMOS transistor including a first S/D coupled to the virtual ground
node and including a second S/D coupled to the second bias node and

including a gate S/D coupled to the first mode control node;

a third NMOS transistor including a first S/D coupled the virtual ground node
and including a second S/D coupled to the first mode control node and

inchading a gate coupled to the second mode control node;

wherein the first mode control node is coupled to receive a first mode control
signal that that turns on the second NMOS transistor when the driver is in an
active mode znd that turns off the second NMOS transistor when the driver is

in a standby mode;

. wherein the second mode.control node is coupled to receive a second mode

control signal that turns on the third NMOS transistor when the driverisin a
standby mode and that turns pff the third NMOS transistor when the driver is

. in an active mode; and.
. LS L et

wherein the second mode control signal has a value lower than the lower
voltage‘supply-‘le‘.f‘elawheu the driver is.in the staﬁd‘by mode and the second
NMOS transistor is-turned off and the third NMOS transistor is turned on.

A method of controlling switching of the driver circuit of claim 183 between

an active and a standby mode comprising:
coupling the first bias node to a higher power supply level;
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coupling the second bias node to a second lower power supply level;

providing to the first mode controf node a first mode conirol 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

mode; 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;

wherein the second mode contro} 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 tumed off and the third NMOS transistor is turned on.
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