5

10

15

20

25

30

WD 2005/ 024834 PCT/ US2004/ 029038 Tl TLE OF THE

| NVENTI ON LOW VOLTAGE OPERATI ON DRAM CONTROL ClI RCUI TS
WEROS8248EFERENCE TO RELATED APPLI CATI ONS 5 [ 00BQi/U31004029038

application clains priority fromU. S. provisional

application seri al 1 ed on
Septenber 5, 2003, | ncorporaP'/ Rﬁ’eﬁ'ﬁgﬁ@%y reference
in its LOWNVOWYTAGE OPERATIONDEMINT GNERAG) BERCUITS
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not

Appl i cabl e NOTI CE OF MATERI AL SUBJECT TO COPYRI GHT
PROTECTI ONR@Q@%E#EP%ENCE“r@fRéL%réfBL@iP@g:AﬂoNé S

pat ent docunment is subject to co prot ecti on
[oogﬂaer t hehis@pplicalinn tlams oﬁotltye‘rcbﬂnlu Sd piasienalaasbliehtion serial

s B EEPUIE0G (19l BbieRinare. 2088 nadcraretedisrein by

anyr@f@reabeﬁmﬁsmhﬁgty_ docunent or the patent
di sclosure, as it appears in the United States Patent

and Trademark O fice publicly available file or

N R AR BN E R SEONGGRER. REfFARCH

wai ve any of its ri ght@Rt[mEvEu@FIMEﬁTpatent docunent
| ntained in secrecy, including without limtation
[Oom rights pursuant to SMOCAPPgPaUQ. 14. BACKGROUND OF
THE INVENTION 25 1. Field of the Invention [0004]
This invention pertains generally to sem conduct or

menoN@ TIGRJORIVMATERIALISUBHECY @ OIDPYRgGHgie PRAOTECTION
i.1 hi dynanl c random access nenDri e scription
Iooﬁ? Rel atA@ORAN POBGSTRISH LN this-BAeDh AReBgst KesWaaet to copyright
R I \
Lorotedten o SO 14 Bt theUTREP Statp8 et iher

eI eaundies Thewvanes of the copyrightkigbtschas ho n:b;aeortloneto the facsimile

col EPREREGhHy Al ihR Fegil Gupdd Srpes potrg dleplosure, as
appears in the United States Patent and Trademark Office publicly available
file or records, but otherwise reserves all copyright rights whatsoever. The
copyright owner does not hereby waive any of its rights to have this patent
document maintained in secrecy, including without limitation its rights pursuant
to 37 C.F.R. § 1.14.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0004] This invention pertains generally to semiconductor memory, and more
particularly to control circuits within dynamic random access memories.
2. Description of Related Art

[0005] Dynamic Random Access Memory (DRAM) has been used as a main
memory for servers, personal computers, and a wide range of other electronic
devices. During DRAM operation a core sensing operation that reads data

from the memory cell is key to determining DRAM access speed and
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WD 2005/ 024834 PCT/ US2004/ 029038 m ni mum oper ati ng
vol tage. Lowering the operating voltage is very

w0 poene4st  for current and future applicati onBCT/US2004/029038

achi eve power savings and deV|ce scalablllty

[ ,
(tgn@g@ﬁwurg@ra %?étrria ozi‘t%g g_g))?/\? cﬂ?& %E%ﬁrgf \\/lqlf?@% i very important
t r afos |Cﬂtrent due futaré Bppkdaions fto @dhRve Power ¥ iRs\UHd ddfce
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suc "%@ %‘@rd@@%’r’é@ﬂlairﬁed%cqcbv@t?&eé l@l@‘wﬁabdsheauses

thrﬁéﬂl’@n‘i‘aﬁ@ (spegaPy %ﬂ%@a{t}éﬁﬁ RS ﬁsmt?gﬁgé%;lﬁ Saller gate-to-

scaling of the thres taea
ex peourae |valtag$1¢V@§$e/allableh€Cmﬂyhtl%bmb/dvéye@(m&@;ate such

¢ hbSRrmlartad SerbBEROEIS froals down tho treson VERGS of the
subrihgistehoHdwesakage s%an'rigaF th%atﬂfmd b4 né‘lso causes an

substantial portion of over a ower
| n @mﬁe@uablﬂcfﬁﬁﬁ@rlndbﬁ§uhﬁhrasholdwleahege suaedbﬂovaingehrough the

serrafivbr ekt RO FareRisre it eteioo, ua. vhnen

[000BE t r arnbhigtsab-thtdghold Rakagk %@rrehh b@ﬁ B@h&lﬂﬁ@ 4 %P Bstantial portion

(i.e., low WVt transistor) s utilized
subet"hia SYREAlPawer eenaageptian, ireparticolar @Owetfcopaumptlon in the

B Y N T e

12560d@ ittt DRAM i Bbose 6@ aPMhenahe itanslasowiththd ¥&aled
bit lines in different bl ocks and 256 cells are

g orthershedd V@'tagﬂeglﬁl tlowi Wéranslaia% fis b’glmeld ezt‘;%ﬁlﬁaleéumtrmshold

M
035k syt Bh 3 €13 e tochnoaSiy B BT TEYH 510 S8 reach about
1024,580R6&n 30Bjekid FioSan F evtaﬁt?d t%?wpé'&gﬁglgghﬂ) seﬁ?@ Typically,

current per sense anp

t ottak s%%be@?ﬁ;ﬂﬁ‘ié@'@sh%&%ﬁﬁmﬁlﬁlf Fﬁ%s inSdlﬁePéan(B?cfc% and 256 cells
1024 x 10-9 = 2 mA, which’is nuch larger tha

me@raenaectasklel the hitdingoip eashrbleei (256 celis parl tﬂt Irra‘)r dierefore,

oy LS BB B £A05RICIrR ORI P 02
di at;D‘Zadn$eril's,qoam§I|ﬂlefs tIﬁﬁveﬁ@SMdl@ Ieﬁagﬁwtﬁ‘m éﬁ'sense
ine structure as shown in

fi gqmé"f'erﬁ%qﬂgn@& A} thg tetghsyhbsihyeshold feakage wrf@t is 2 x 1024 x
Li nffp4 go@'i ZWAn%ﬁrlcﬁ i fuGh Iérggl’ H%ne@%rlﬁa%lﬁg:rﬁ%ég\ggplle standby

i nes and 256 bit Ine pairs I nce ere
percuprent in the peif-refreshtimedéol ded-bit |ine

roofff™" Tha bt i anchBIECAdebisbaisapeniiaral R RNiua seetuseend it

|1 nssBdiated tifiitty HRGFEMAIE picifly SBRISRANPULTILE iSinPlednted with a
folded-bit line structure as shown in the figure. The memory array consists of
plural word lines and bit lines. In FIG. 1, there are 256 word lines and 256 bit
line pairs. Since there is one cell per bit line pair in the folded-bit line
architecture, the memory array size is 256 x 256 = 64k bit. The bit line sense
amplifier is placed per bit line pair, thus there are 256 sense amplifiers in this
memory array. The typical structure of sense amplifier used in DRAM is a
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waroseas£h sense anplifier, such as conpri si NBCT/US2004/029038

transistors msl _1, msl_2, npsl_1 and npsl_2 with

oS S R A SRR G Ml 7o 2

Aess 1S anered n?mv | piwith sourddabdes cotripeisBl\seurde BbRe sensing
nodes of the

coﬁ-ﬁéé’ﬂ @advﬁ%cgitmg'ﬁéstghgg lﬁéglé’i; C&%‘@ﬁ%%gwg% EF&O%? of other sense
ifﬁbFs Eﬁ%@gagﬁ% ShREAnFBAF rﬁkaeé%ftlthe%ét Bit e P& (BL1 and

and as shown I n e source
t r @LSBﬁtaDe sonhpsted witit St and SARengees obtheysdanndtkdtline pair

ﬁﬁkgé%%abf%i@'z' Qﬁﬁﬁa&?@‘ﬁ‘mﬂ% ebsiarahagPlas shown in

| 0gR&ed. agRe %@’% e ;ﬁ%aﬁ@%ﬁs‘ifé%%er{éﬁﬁlyh@cated per

sour ce tranS|stors can aced per four bit |ine
pai256 Linkihe pairsadaspickadiin Elﬁl ’SAF"heanumbﬁimfélﬂtlm RAitshwhere

bit, |
T S phERE 51 eret S BSe R SRR i 2P gibote, e
DRAMUFY BahsSisfts tahlbSlacéd Pepfcﬂﬁfbﬁflﬁ\@ (SdiRtt &nd the ndders SAN
pairs are precharged to halt VDD through equalization

15 anca84Psare sonmeaied withwmere bit inel paife) surhy ay cemeecting with 256
flrstI b|t I|ne pair. Voltage Vey is an i nternal
voquaﬁ? {ffce to provi de half Vpo voltage to bit line

[0088] "S- THYEPEratiBnastithy eonvesittionlal DRAEM@og@gsast anomsd In
all equalization transistors are tuyrn ff
| i rwethangecstatenbityling RAIS fgj@d@'eﬁiaafesﬂttag@'fs){m Wﬁ“ﬂ‘ equalization
t
| eggqndsi%ﬁ%, "?'gée(,«dg% uygéﬁw %efpgmé‘ﬁﬂ%tm'hﬁe pafr. Aloltage

t hrgghelag Mtﬁrhalg\ﬂalmfgetdwm@td prvitksisalf Vanyottagn fo kititine pairs.

as_t t | 1 f th
[oogg;unégnﬁ'régtu%, qgggmnegﬁrgg gqe;esol?;& Qr&g@h tlpggmészors are

op el#.lpr‘?ed Bﬁu O RS in tﬂ%%g%rﬂcfry 6!&#@5&% téh@ltb@@ Ve Which

ating be ween ce and bit |ine
capaaideaisoItagBlYsh)andlpevides & voltaga:wbm is @b least eqyal to Vpp plus

D e Dhs I ST TN RE e Bt 001 bR hleleér, 8o as
as Sﬁgﬁ%goli’%mﬁf OIrf%?' tt?@bﬁe it IfhBSairc ot is aé‘su&hﬁed ﬂwtmne WL1 goes to

hlg ter the ch arge s arlngoeratlon acer ain
vol valtpge ¥ep meeepopwtmthet inpubaddressie Thare is haigersharing

. gpera?né%%tw Hffé81_%aan& )ot life c\é?)g i%ance (CBL_1). The bit line
capacitance is a parasitic capacitance composed of junction and line
capacitance. In the following description it is assumed that stored data at the
cell is at logic high. After the charge sharing operation, a certain voltage is
developed on the bit line, BL7, which is equal to (CS1_1/(CS1_1+CBL_1)) x
Vpp/2.

[0010] Then, a signal goes to logic high to turn on a drain of NMOS source
transistor mnsrc and the signal developed on the bit line is amplified in
response to the latching arrangement of NMOS transistors mns1_1 and
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[0010] Then, a signal goes to logic high to turn on a
drain of NMOS source 30 transistor mmsrc and the

W@ e@aatassevel oped on the bit line is anplifi edPCTUS2004/029038
response to the | atching arrangenent of NMOS

transi.stor - / . .
boitb o a8bans bifigorgh HPERISERa L onsistor mosyg is tumed-on
Pl\/lii”lé; r%ﬂbfé: gell dgfasbééeﬁf on:ﬂh?é ﬁ_td:fﬂng armagdement bf)]f’l\/iﬁS dramsistors
ce ata based on the | atching arrangenent of P

t r aARs E1lorrd Mg 21 Sedhaeyelpof genabh&LéLéﬁﬁdoﬁw_sBLB 1

Si B \Y/ . |
SRR Pehg I, oy ErThe BARd ¥ et
5 Since thdBIMOBSrdnsisior istusedite isdeath the blocksathat share the sense

o Graplinssatbe STS0 sl 8605 f 2 DgRstagybitads. Yoo Yol @ Vi drop
dr tPQWM%Wf?@sM@nﬁ} rg, misol _1. [0011]
t he (0]

Theref or e, gic hig ata can be transferred to

[00flihe BLITherefaret theslogicshighl dgtendan beriranstirred tolinglBb i arthout

oI edradsict anc P Pis S1oe gt it a8 Ry Simiary. the
celdehsitfg byéfatieniy pbermu@ st dli BitlindDMbehadé cells aéfivated by the

data is rTead out and restored, the word line is shut
of fworgi lingal s PSAE and PSAEB return to | ogic | ow and

toofiefins; SrARE o Grtis Fad Bifald ostpied, BRUMERLINe is shut of.
PEGigpaks PSAESafd GISARB retlm follegicduel andohighi tespestagely, to turn off

equali zed to half Von (Voal/2). This chi [%_ t hen apﬁke)
enttbessqunes trapsistars &d b liserrenge asprlifier. [1RspIopATFEQ goes to
1 08 Bk Sl opb e tiVeR B Eed ROR VERTVBRZP) This ohip

t hetheni syaie cttsrsémto do-calledgprechangelitateo  Vss. However,

due to the device characterjstics of MXS tra? i torsh
[001kkage TOPEshRER SEls HRce g sauke Hanesiarme! Bl ipg sense

Can?hg)ﬁfi&%% thried- ,tgebFétfaamethé@ Blno SuHEMTHowig@om Vop to

as the device 1s scaled down as expl ai ned above. |

[ 00V4d. Houisver, direatobtheldeviceccharaeteristics otiyiSrirensistasseakage

eSS T ST ABBe S8 R R AR BE pgrton of ot
I N LiRePdrAnASS BFSAEVIES W $caldd HEwH A\O]sIdined abavei al |y

met 25 using a negative word |ine scheme as depicted |
[0G14]FI G Anofherwiiawhaek abeenvantienal ¢ynamicdna@ory gorg circuits

\églctglgg@gl_sqwg rde@f@at)’soeldt &%hé@g s\P{‘éﬁﬂgt\AW?erFﬁéihg ih?'gﬂ‘@('iltage
threshold transistors in the data access circuit. This drawback is partially met
using a negative word line scheme as depicted in FIG. 3, in which a word line
level is set to a voltage lower than voltage Vss when the cell is not accessed.

[0015] Additional drawbacks can be found in conventional dynamic memory
core circuits which consume unnecessary power or unduly lengthen access
times.

[0016] Accordingly, a need exists for memory implementations which provide
improved speed while suppressing sub-threshold leakage current, and other
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[ 0015] Additional drawbacks can be found in
conventional dynam c nenory core circuits which

W@ omsms34unnecessary power or unduly | engt hen BCT/ESH04/029038

times. 30 [0016] Accordingly, a need exists fo\rm_mlamnry

' j r speed. whi |.e_.

Uy TR RBSE PPt B apiGh . SRR P e it tatfies those

-4 m@wwamasetrﬁmz ama%fd@mefddfmr@ies%m’éﬁuously
qons tion. Fe%é)tr esent invention satisfies

thg@ ve ‘35? eERICNtgdutas i sengriatpbfiesnes t he

def|C|enC|es of]

architectures ﬁ%'%ﬁgmﬁﬁwwi'ggq@@%m CF

[0017E | NVERITe OresIft GveTitionttesribee oircuitsvand hasthosrirdescing

e T Bt P RS AP e
| nwavémtﬁwh ean beautliized lséﬁdreﬁ@l?%fr% §bt‘1he°<’£1§e%1ﬁ @Bmbfiation with one

in corrbl nati on with one anofther
enbQtABRt of the invention describes a |atchi ng

N I e —

r evisit Breel phir seede aonlifigr whidrodtilizE8 ararRpstertddrfiglred in a self
arrang gt of .an NMOS  sense latch (N-|atch) "coupl ed

to &N igegd ﬁOHQQW@BPac d @evmn*{eahow@yar@@umnoémmmos
coupdagd Itafbtﬁg\PmB c?"fl‘l &4 A\Il\ﬁOgrdlr\é %gﬁiea Qith an NMOS

reduce | eak conve
ar rsangenstah mummm aGRM@SI m’abhm&hl letdrrﬂv)an (7] éSOt@n’eddce leakage.

| d h
anc SURISR,0RS 00 PGaRGAMANE A KRS ReseatE Rgatch)
driygiplé®id 84es @t%lﬁ?% re rlJ&@fﬁntWF‘l\ﬂ@%‘e lgfghes and an

P-latches with N-drains, atches wt rains I s
r ef NMQS! draineenégureskwith aonpthedeoftsing deveretd ratusedeakage.

h at.ed t . o .
IR aagerheay S SndEes B WnBhiEr ol abhbe ueh P-arains is
Oneref@f@(htd Beri B6 efcdrRpRnfeHiRhesiizeatah st erar‘i‘@ﬁw@nt It
other |atches remain coupled to a non-conplenmentary

dr a§heuldrhe appigtiatashihat thedingention ear atsel be practiced wherem at

re in ac

 JEBSOEILROE, A0 Ne RS ooy bl BB oo
to r‘e!D[am d-eppledl tnga pon-sbaipiementdty tralhaiThetorhplerinfary<drains
bei ng TJ bias condition of the transistors

el reversed |ased in standby modes, and driven in active mode by

voltages extending outside the range from Vss to Vipp, depending on whether
an N-drain or P-drain is being driven. The bias condition of the transistors
reduces the standby mode leakage current significantly when using the
complementary drains according to the invention. This self reversed-biased
scheme can be implemented in a number of variations, such as using lumped
drains or distributed drains coupled to the sense signal (SAN) and restore

signal (SAP) lines.

[0019] In another embodiment of the invention a method of driving a

conventional sense amplifier is described utilizing an additional supply voltage

Vs, wherein Vg < Vss. This method provides increased reverse bias resulting
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25 reduces the standby node | eakage current

significantly when using the conplenentary drains
waewsnzisay to the invention. This self reversePcbhiUsmed029038

schenme can be inplenented in a nunber of variations,

Sucip @mhpies I'e%ﬂ?@é’cu%ﬁ{ns or distributed drains

coupl ed 'to the sense signal (SAN) and restore signal

[00R8MP) | i inegnotBer pOhbAIment efithe evertishadhewmMegativé kerd line driver
conventi onal sense

invention.a method of dfivin )

ampranerBs 1§ deRUSE ity Ullizes: Seclpcbpilbdon femsistas md preferably
vol 4 8 coffrolWitheWdryFng 18(z¢. Thi s method provi des

i ncreased reverse bias resulting -5 WO 2005/ 024834

[00R¢Y/ us2olamstbesembediueni & kve dowerleagkshifter ssiieme is described in

002044l er. enbodi nent of. the_invention a new
neqatiene H& §ioP e BB her P oce R b eriorma aneE i igpanted
ut i ¢urrerst fva ke thepslippld Q¥Radge AdTaielab asang, preferably
a step control of the word Tine level. 570021] In

[0023bt her Eh®paesAMMinvention ipsukiect tovisiplemiehtasionsolimmiagissnumber

desg k: ' i: t ,schargin rocess is ..

per7isinepr BmbdtiinRn®. HLRbEA bR 1 gRETES adrording to
supthkyfollolinggeAn efriyoditiehiofahie Yrdsent@vatitiohtan b€ 888¢ribed as a
invention is subject tqQ inplenentation follow ng

nu

a
MIGFM@MOfs COMPTisiiG daha Miwrality pf siterrge cella adid rogltiple cell
b & f : fol l.ow
v, 48145 5P RGPS ing D LRI 1D s
as celigy (G)ne: :)it Hﬂmsﬁyse iammilﬁésbmg‘ligdred fer perforading gende, or
storage cells wi ti ce states; a menory
corrgsﬂﬂ'@ﬁ?}@’ q Qﬁtﬁ ?ﬁﬁ'@ Fg‘tr')rratﬁt}‘t ‘?fjrséo'??@@pﬁejé; f%‘?%@@t least one latch
st apigA thé 8khse ahsplifidr Bblipleb N8 aS&HBlefBMtaly @hse or Jestore drain

configured for perform ng sense, or restoration,
botRansistor.hBypvay el example, theosenge amblifisr mayl e(hloyone latch with

I h,15 within th [ ifi | ed .
| SRR A S ob PR Bt 5 Db ES et it
By senpleimentarnipdr@in Ghe ofeithoiidr ddrebinBBYn LB @ feast one
latch with conplenentary drain, two | atches using

corfIteadaichey Ulitizesa cogmemantany drain.  conpl ement ary
in a R , : j ' ' ' t e .
100858, 3t E RN it Rp AN ki i ines i
dr ehitline Pair dO2Harigetheidchargen ef seidstorageldellj or mla? be alternatively
prefer bé\é coule@j1 bet}geenﬁit lines ina bit [ine, .
pai ¥ ﬁyvﬁ%o BE NEASP g d Nelaichiandseipplgaendany, drgin transistor
MY Ep A dLaMNL-laY PRl L T8 N-drai
| atch %nd conp gn@n?%‘#@ggr@g?ﬂb ?fé&ﬁ’g% ?rlgﬁ{h &ﬁﬂﬁéd to Qﬁ N-drain,
or both. It will be appreciated that the sense and restore aspects can be
implemented separately or in combination. The invention allows the
complementary drain transistor to be retained in a reversed biased state
during standby mode to reduce leakage current, and activated by boosted
voltage levels outside of the range between Vss and Vpp. The N-latch, or P-
latch, or both, are preferably configured as depletion mode transistors or leaky
fransistors.
[0024] The present invention can be embodied as a sense amplifier circuit,

comprising: (a) at least one latch coupled between two circuit nodes and
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conprises an N-latch coupled to a P-drain, or a

P-latch coupled to an N-drain, or both. It will be
wappsezisat ed that the sense and restore aspectBCTEHS200€029038

25 inpl enmented separately or in conbination. The

I nV@Bﬁﬁ@ﬁeé'beé@l@&?or F&WIW%W sg{lﬁbg a‘ﬁg a@lnar the voltages

to be retained 1 n a reverse ased™s

st aﬂﬂme medks; mdr(bbiaco@nh;mkm@mryldralarﬁtrucand ceibletpfoeshch latch,

| | de of th
bet &Egﬁﬁf}é& h&??dt %@ afggtﬁéhfg\@?septtﬂa%a{gi%ll@rn standby mode.
o023y h, ar qfh@rc@h@mé%mé}g rhig Wikt i aa?g@gg%&g@& levels outside

transjstors or 0 transistors
pr egkihe valtagetrange (o@tww &sbadidddpasThe MGImLHﬁMdésl ;@rleferably

bet SabRrisa  HHE bEbE hesBlinfya o asis Dot Siadh The fatches and

PCT CAIRPRIMS 2RO Qﬂﬁt&%@@oﬁﬁhs@ F\ﬂfé'tél%socfon‘i’?ﬁ 9{15 ®drain, or
goth sensi n and restoring, the voltages
nod

Jatchgg coyp e&i f@oamNecﬂf@m, &r@om bipeswif complementarpstrdctures.

o0 22, i il HES oS3R8 Bhadflorgung e

conwbehtimesawithitr atynamiciekpicty idevide u@nghymgo é)@ﬁgnal line
5. 0of the voltage range between Vss an

| | i de
eve “Sl‘fgg‘l#%‘\iéo rGuRling wittirea dynafmie mﬁlporycdﬁvm tﬁedra/qomemory
of \bde éél@@ﬁoﬂ“(‘r)rg?gnfﬂ db’{ﬁéﬁ%,gtd?%ﬁa{)bédcqét%éh th%&ngghne and a

| at ches and nt'ar raln structures
N- | eerirad signal ﬂk@ndo(caaaﬂeasatwq stacked’phﬂmhﬂstralﬁsiabmicoupled

st DR Rel i iR ol o BSle soigER MTRoaiage do1ase than Vos.

enmbpel %@n@fﬁ lide Gh{/iﬁg'thefnﬁ’émgfy WbRPsdiBEtion 3 gP/?‘Biféii?blg'?:.‘:c‘ﬁwflgured to

W thin a dynam c nenory devi'ce, conprisin

si gb@actlvai@d i M0 StRpse dutio As do Wskifirgs andtthen ta ado;mmgedevel below

ot P! % afh Pl 2156 PRI BBl B i tilo

a b‘étWel‘ew a rigNfhe Brableigridl)and the§Rdtug M@nﬁét@‘?k\ﬁﬁerem the gate
-down transistors coupled between the signal [ine

pu

an o°fath9640!t§§@ sqting Eanpisky is 6puplgd th & valiagetsoance/exceeding the
@% |A,ne driving the menmory word sel ection

|s p erab cB’ﬁflgured to be activated in two

[0027Eps, sTJlmdﬂ paesdm invesitibnrcah sl beleibddled a% élﬁﬁﬁt for driving the
circuit may al so conpri

{/g?/%ﬂj o %ﬁ@utt'\zsai%@wr@mqgwetﬂ s dbearrstateamitia a dynamic

g 0 P o e

cougsiugpling do @ W@ﬂd I&@ccmttm ciceik ndthih agyhamic memory device for
driving memory word selection; (b) means for level conversion of the control
signal output line (PX) between a high voltage level Vpp and two low voltage
levels Vss and Vis», wherein Viaz< Vss; () wherein said means is configured to
prevent a short circuit between Vep and Vao.

[0028] The present invention can also be embodied as a method of sensing

and/or restoring signals between a first and second node, comprising: (a)

coupling at least two source transistors of a first transistor type, P-type or N-
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20 supply voltage VDD. [0027] The present invention

can al so be enbodied as a circuit for driving the
w@onwsoois3si gnal PX utilized for controlling wopdr/b20e4/029038

driver state within a dynam' c nenory device,

COrBpE Iyl B o3l Rl Sensca:

ci rmuphnwa bompterdgmlary dram 6P&sedond GanbiordppslNiypWor P-type,
ﬁ}élve ntP‘ sel ect &J% nmeans for | evel conversion

of befiveenfip source tjﬁﬁ?ls phithe laich amdp seasawsestors gignal; and

vol tc3estalrfiy §EheVQ&Jr%BQréﬁé'z%%)r%zé]}“‘cﬂéﬁé’tgﬁes ey ?é\ﬁery&? bR state

VB2, "wherein VB2 <
corduring standby npnda/tmtedalcehmkage curent, ﬁ'elb\maetho‘cﬁﬁrtaedmcludes

VB2 The |nv tion can.also b
s SV i o SisBinl HEE camPltbedny &iopt Agclngaime! outside of
betmeangefbeméer@wo%h@ovg node, conprising: (a)

oupling at |east two source transistors of a first

[00?911n3| stlbwilt Dp@pprecigied that the-traviting9 06 ta2p@B4nt invention can be

AT W T AT a——

c ong hamivatr af hedeficial aépetts abitdinbiudBDuE 6 nbY Mited to the
N-type or P-type, between the source transistors of

t hdoflaying. and a sense or restore signal; and (c)

ainin | r . ] .
10038} &1 ced B raBear o apd @E@Pﬁ%é@B%Nd%*&%ﬁfg?%%ﬂa@'des lower
I eaxa@er cd:asipatncbn [EMats. rret hod further includes driving
10033 el oURGS BN aRPetiE Faenen e aiDvN Sioliedule which provides
[O i ated that the teachings of
thg&ﬁaggggwéltéigﬁts?gﬁéggn be enbodi ed and descri bed

[OOBB] var i odrothey aspaticofihe snrventionveta provids istprpred sdese

ar ARt 4B Tendeectt pusmon by, o

[00BBE | nveAhdt®Br aSpectiIrAe Mvehtiba ¢ tH gro\(mjecé‘ r&4dN ifplemented

| ower power dissipation |evels. 31] Anot her aspect
of MAshanigevior srrucing sprAlvieshold Ieekagﬁ eunmmtch provi des

100387 8P 5T ek 2k BAGARESh Eloracator
anpihith caises from sbalingadolyn DRAM ¢aieyec:hesfesTenor y

[OOQQFA M. Another aspect of the invention is a scheme for reducing leakage
currents within DRAM structures relying on a folded-bit line structure.

[0036] Another aspect of the invention is to provide a sense amplifier circuit
utilizing a complementary structure of P-latch with N-drain, or N-latch with P-
drain, or both, which are driven accordingly to reduce leakage.

[0037] Another aspect of the invention is to provide a method of reducing
leakage current within non-complementary sense amplifiers by utilizing a new
method of driving.

[0038] Another aspect of the invention is to provide a new negative word line
driver scheme utilizing a pull-down transistor architecture, such as driven by a

two-step word line control mechanism.
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[ 0033] Anot her aspect of the invention is to provide a
readily i nplenmented nechanismfor reducing

waasoiusashol d | eakage current. 20 [0034] Anot PET/US2004/029038
aspect of the invention is to mtigate DRAM speed

0050220 g BERETER 850 M 21 er scnemo

I NWaIGH @iinihzes Sitdrgatlooints edeor n@rbeﬁkh@pomn supplies
wi thin DRAM structures relying gn a fol ded- bi.t

[0040]r uct uestil fydbse]asmtqféfae gys@s,l@n B o BV Ao 5 a7 mdsmethods
o MBI, AR A Ko PiERatodf o ShLfeRah e rosy

N- iraplamented within Dt A dBVldastdnd gihiec hirauits idracpend with current

accordin to reduce |e 9 %{0037] Anot her aspect
of SEHUCY ']Qfﬁ’c%s'f‘%t?ﬁ' Qfe% et hod of reduci ng

[ooiﬁzkage%w ?%%Pétt%mf@h@mqaﬁlmﬁmeww QIR N the following
lifiers by utilizing a new nethod of driving. 3

0
[ opB8jonanaf therspesifisations wherein tesdrtatied deseriptionogifercthg
d t
Bﬁrﬁu?&%%noﬁ’ BN oG prstpirt e TR ok Gt ifierfion without
o O 029086 | 0030]. AnoL b
20 5 ot her
t tBRhEFvBEﬁQfHHTéOMOErWEtﬂE\éEk@'LLe\(']EWSfQ%r liﬁﬁ%\}\”ﬁG(S)
i ch

odfer Sl gERtGHAHEGe MY (Y fndtSicRia BPFtefincbitf the

I NFEMsWing dréwtngspm@i\zthéwe¢<|>rr|umso’|ctaﬁ|vammpe$¢mdsly for

i ncreasi ng sense speed.and reduci e cur
[0043kt carf @e 1r'§a?d$¢f}pﬁm%t'q ﬂ‘S@ Q%Yﬁrgn%ﬂl 52@3 {5%&1”5%5
[ooé‘lgfﬁ ot hgﬂc X gy ﬁrﬁlﬁgd@ Fh Wh%fbo‘h‘&éﬁﬁ‘éﬁal DRAM core structure of

con or proce technol ogi es. [0041] Further
asnac;s] of the invention will be brought out in the

t f. th f e
100481 &1 e G Ao ei 2, ihine Higtrp T ol ittt ppBftY fofd e
di sglRshdg preferred enbodinents of the invention

wi thout 10 placing limtations thereon. BRI EF
[00BEBCR PTFIGN 405 abEhesEwtiRaf a MRAY aore pliEclrRaACcKeidd)g to an

0ol TR bR gREE s >
X 'é@h?%é’rﬂawmﬁénﬁyﬂrwlom aAd Jhtd-tehtrdl methad.
schematic of a conventional DRAM core structure

[0047] FIG. 5 is a timing diagram for the DRAM core structure of FIG. 4,
showing the inclusion of the voltage Vn < Vss.

[0048] FIG. 6 is a schematic of a DRAM core structure according to an
embodiment of the present invention, shown having distributed sense and
restore transistors.

[0049] FIG. 7 is a timing diagram for a reverse biasing method according to an
aspect of the present invention.

[0050] FIG. 8 is a schematic of a DRAM negative word line driver scheme
according to an aspect of the present invention.

[0051] FIG. 9 is a timing diagram for the negative word line scheme shown in

FIG. 8.
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15 [0044] FIG 2 is a timng diagramfor the
conventional DRAM core structure of FIG 1. [0045]

WO-R@5/031886 a timng diagramfor a conventi onal POIEYS1004/629038

word line schene. [0046] FIG 4 is a schematic of a

2 8 BN 5 g b ARG o o

cogptRpesanyindeation.conf i gurati on and gate cont r ol

nmet hod. [0047] FIG. 5
[008%re stF HL@‘t misaftmn@d'lasﬂrgﬂéfﬁg]ﬁ%ﬁ% rq?gglt‘g 'BR E%A 10.

the voltageypig ﬁ_l%tg%EééRﬂﬁhoﬂ OF FHESINVEQRYL i ¢ of

a DRAM core sStru re according to an 25 enbodi nent of

[0084]e pr eReférringweaote specificadiyrio e drayidps for Blustrativepurposes the

d t
o Bt drenionds entiodisai N SRkt densTal i B 1. 4
as Pr%htquFltahq 1 Pfl?@ﬁme bﬁgfr%réldt@d‘ tha{tQﬂé%psréﬁJs %é)ﬁva’:ry as to

schenmati ¢ of M negative word line driver schene

30 canfigurditiog anol amtoadﬁe% obthe partp ranskihvet themethashmay vary as

ot 15 n=Cin sl e qbriter gLt Sepdlfig AR g Gasjo concepts

PCHsUF28044PRARAR. [0052] FIG 10 is a schematic of a
PX driver structure_according to an aspect of the
prdsent SelfRevemed-BiasedCamplementary SeRsing Reh@MEyr am

ook, . R 18Tk ot o 1nsg S v o

s peipbrasd lexkage chrrent. avhis gliffersdrom chnsemtalna& etructures in the

pur poses th t
appepeel §0@rg:ﬁetféneqsl§ggquaﬁ ,neh'le g\rt]lgechaﬂa Et?% ﬁgqplhrépt@mslgf driving the

I t s‘@ns% A0 ARRSrRYInREEdn Eﬁ@&oﬁ%t%ﬂ@ﬁbm cBRY oV BIG. ‘B drain

configuration and as to details of the parts, and
t hamm P&IOBtsoudcertmnsiatoy m«ssrcus;cmrm'ee@p@& pispusepEPMQS

se uence wi t hqut depar from t he co

T aaitors mwad-hane mps S and T g of A s iinsistor

Co%hﬁfmgtc%hﬁe%@%b@s&?rﬁéw NMOS transistors mns1_1 and mns1_2.
This form of latch-drain combination is referred to herein as a latch with non-

complementary drain.

[0056] However, in this aspect of the present invention, a drain comprising an

NMOS source transistor znsrc is connected to a source of PMOS transistors,
such as mps1_1 and mps1_2, and a drain comprising PMOS source transistor
zpsrc is connected to a source of NMOS transistors such as mns1_1 and
mns1_2. It will be appreciated that the source and drains are referred to as
being complementary in this aspect of the invention. The latch and
complementary drain are utilized in conjunction with new control mechanisms
which make these transistors self reverse-biased in standby mode, wherein

leakage current is be suppressed significantly.

[0057] FIG. 5 shows a timing diagram for the control of new sense amplifiers.

The sensing procedure of the new structure is almost the same as that of a

-10-
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[0055] FIG 4 illustrates an exanple of a new sense
anplifier structure to suppress |eakage current. This

wa@lrdobme4834 r om conventi onal structures in the PEPESwWH4/029038

source transi stors which are utilized and the

rﬁ 2R Convgi:ﬁélﬂ)éﬁa :%rﬂ %gé?g?&ﬁﬁ%ﬁ?gg‘fr&eéﬁcg?g‘f#ﬁ %?ﬂects of

PMiBespverdiorn foacseating thapsifarevsrsedsiasing efle deprtsd Wt‘h@ftlmlng

| d d
S0 cbtPa R T addilersalico Uk aladey Whare St kss. In
Of i Eadd, %‘Ft%'r%l‘ié’&ﬁa@éséha}mprl%ber Hors :{he ﬁgh'éalf Ef%é@)gﬂanables a

| atch-drain conbi nation Is
| atletehgarmprising WO&mmszsmrﬂ ams1di aml mh&05Bwhich goes from

i,n this as th resent .invention,
e Bl o 1% BeBRte kg, YdB Wimois e 12 hemiprising PMOS
co n |
s| §|lﬁﬁlé§ﬁ'gh%|)s@or5§}§r@ﬁnt%uf %?ﬁffdg? Isdr)lf‘é%]naplsm ?V Loperating
tr a@tagpds \Vzard &regh@dmaﬁege@ftrm BMOS rsoarcm‘ traMIﬁor zpsrcis -

;Lgdf] WF‘@S @% %@@Z@?@Qu "%‘?S:imtﬂg ISdV@s ] e&l fg1-5V

as (thebogrceiP TS ransision is tHeSSARRAGHal WhiéM B precharged to Von/2
invention. The latch and conplenmentary drain are

ut iinitbe @rechargnjstatel.i bhe wrain-gatevobiage of thistransistomis Vep = -1V -
Vm'(?\?-”ﬁlve%ﬁé‘% Vﬁntorfﬁﬁbﬁ {r?sd c[? %t%lgﬁaﬁg P ?S?ﬁlere?ore voltage

st andb erein

su upvelssx&gi; andch iac@mudch sralldrafad lheFtrfEesI’ibla Kewsagé of PMOS

timng diagramfor the control of new sense

arrp‘-fq e frgnsisigrandhihis peuTee dransinter isflullirpedyon. Thus, the

S S TR S B RaH 8L, reh BB dscherge to

arrp%jwélno@a:é’pdrcm gnal s, ZSAE and ZSAEB. Aspects of

0SB, Lo kaSe i e a i P

addiphsPnahng 9Hh§f=‘ Vel é&ﬁ/a}éﬂl WhE FRlaMN s<er§é%5‘?]mbf‘fler§ loprising

case, after the charge sharing operation, e' sl gna
( ZS%M@S tranbistays angds 1_aft ad nmsﬂr 2sire @Immt@mm sasture cell data

nogaT VA CoBYT Al RN T Heon Fh a5t SNt A e drain

Pl\/r&mmsmgwmowmﬁb@ krafBRtSr zwswgaés & é/tbo%ﬂa‘%} vdffé@e Vee to
exanpl e, VNis -1V, operating Voltage is IV

t hr%&fd)ﬁo\/t\ﬁiippdgﬁabsfetr tirg 2N Voo lgvedta hmé‘Aﬂ olf azmms@ed voltage

< ey ad iR DG By spU Ropqothlisifve Yepi@i Sower ine,

{/ r a\Vlégj)iifNMOS sd\ecSMAnsisiial Wdpi=CoV i-S)\pE QOa’iﬁdJ%l.sEQV 0.5V =
1.8V (SAP is Vpp/2 in precharge state). Thresholds Vgp and Vss exceed the
voltage Vi, therefore, this source transistor is fully turned on and a full Vpp can
be transferred to SAP without V; drop.

[0059] The bias condition of these source transistors in precharge state can

suppress leakage significantly. In conventional core structures, such as
shown in FIG. 1, voltage Vs of the drains comprising source transistors

mpsrc and mnsrc is zero. However, in the new structure, the control signals,
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in the precharge state). The drain-gate voltage of

this transistor is V@ = -1V - OV = -1V (the drain of
WOrMOS0248ansi stor is at voltage Vss). Ther ef or ePCUb1084€29038

| evel s Vss and VG are nmuch snmaller than the threshold

|
1o RS0 5 AL A oA st o
pot gate- smurcvw)tagarvd@@ﬂtlnetPM@Srmrée)tr%tdﬂm fl‘édh@?ge state is

ut vt d 0058] After
the ﬁrsrg? eﬁ@&@@ =t fﬁe‘?@ %‘2&%%5%%[\19@9 Vbp and SAN is

t r apfdchibfged tdm&'VD%; aDFélH'zg%lte goﬁégﬁeg%ztﬁ,b@ ey 4 b ( (ZSAEB goes

P-latch sense a iers conprisi tranS|s
mpstP highn¥oppst ¢ amlrle \&ls)s oThereiforal, eoltages ¥ss ane Wepldre positive

. e R e
t r apstesitiar sHaLsd @Jegé\ﬁér ﬂ%nasdiﬁ"eétaﬁe o‘fﬂ @%%n Qe b&C?pore than V; of

avoid a Vt drop in transferring
I i n@N@ﬁtranﬁlséOMB@ﬂ@UtQﬂom agePMO§ @ahastdr)teir&j Méakage current is

1 g0 ROy HAREES ikabes ot 0P AP Solje TedPaiior, gnsre, s

v va;svoandowshow (Te\ﬁbrﬁéf bms%@)bn@WéDSABV qV VDDL\? feBpectively.
pre 5@& e st atg Threshol ds VGD and Vss exceed

vol t MES sourcateansisterseare falsiusned offandueakage

I t o ,SAP
A0 P I G A oo
s 0 umco:tedtthahmlssaspa;t iofi thie prseng ivehtibe ltéétihes&h@ Y& Tonfiguration
ot r80 Tahods ph RO tiobio Heshpauiceienastoreol t age Vs of
[0080F dr Al AShEAS BhACRALA atlth8Se kslRbSrarBiibs ilbe shared by
msrc i s zero. Tn the new otructure €

c onnudiple biidiaes as-itiistiate® 00BI®.24 8 BUthRCFA4S2 ﬂﬁﬁb@@ S6Gfke
ectli

o e G B TGt iner e g stards Shprathay 256 bit

Pl\/Clﬁ\eSpafwwlthftﬁ@%bﬁk‘éftrérﬁblﬁb?é?méré@ AL g Sind oﬁh
- 1/ 2VDD = ( ZSAEB ‘goes to

[Ooﬁbb and @mceéealﬁﬁg@&mf@ﬁ@andaelmumgi utibeing they aomplementary

I Z
Vo Bl 1 alioit ghe-Fork B Y kG ge 2uBet it dovesse Gus
ar ebipsiagthwa0 m\VaJ sieakbge caneﬁpby thi§ nedaReliod @é}dbé/%buced by
are reverse-bi ased (the_gate potential should

| ovitlrleasidAuE elfiere 0§mf9<§\*t'dﬂﬂ gbeseforailfer bGBreslls, taagagmcurrent
of can be reduced to 0.2 uA from 2md.
[0062] FIG. 6 depicts an alternative configuration in which each bit line pair

can provide its own source transistors, which is referred to as a distributed
source configuration.

2. Reversed Biasing a Non-complementary Sensing Scheme.

[0063] FIG. 7 illustrates an example waveform in which leakage current for a
conventional, non-complementary, sense amplifier, as depicted in FIG. 1 and
FIG. 2, can be significantly reduced. In a conventional sense amplifier
scheme, lines PSAE and PSAEB go to logic fow and high in standby mode
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PMOS transistor in order to turn on PMOS transistor)
and | eakage current is significantly reduced. Voltage

wo/e®s02488he NMOS source transi stor, znsrc, i s BROI/US004£029038

OV - 0.5V = -0.5V (reverse biased) and VDD = OV -1 V =
-1 Ysed PRPEHLively. Therefore, the NMOS source
transistors ‘are fully turned off and | eakage current

[OQ,QIH be stiowayesecaccirdingfto thistdspevhif theipresdranaantiongBrnes PSAE

f th
| o BRE RS LB arh B Binad & 5 loWariiBga e Yo, Sl sorhoard a higher
of o@m% tHannaDE hesh ﬁ%rh@aﬁéhéﬁ Fddeln JlQ&f&Ld By FIG. 6.

shoul d preci ated that t ce transi stors
can TB@rGJﬁEﬁ, éébstgf PMOIS anpxﬂ &INBOS daunes trassistdrs stpaat @ddimnsre is

or ol RasP BB it ety B it o, 7 Ao siseuoRgas is 1.5V
256ahd tvDDI i M, pedr SoddvELef mms Eéu%bsctéﬂs?stélhi%r\%js = 1.5V -
by 2, 4 and so forth. | 006 1] Device

cur A ¥rit 0&341 blereiores the awnceiranr@latwenscremsemm by 0BY. In

dra

L re S0 18V HEGRIR ¥ R, RV 5 B guwos
cur seuceliyartsister iV nOt\0E OBV . b?hél%%@e%@MM(% sbﬁﬁ%transwtor
four orders of crjn%gnltude Therefore, for 1 GB cell

| ealedGueISErhigned bytho¥e With this gonobmettod, Baumeztmnsnstors can be
[ 00R2herdd- Ewke, dﬁ‘?ﬂnl‘"etaﬁa cﬁ%ﬁ{ O b¥ esufi'rtgssgg sm%bntlgl In active

whi ch eac can prov
soumoget hm:sPﬁAE and \MSAEBlcenrgn‘ tr 4 Aighiee veltage and a lower voltage
distributed source configuration. 2. Reversed Biasing

a NGn¥& npl ementary Sensing Schene. [0063] FIG 7

t -
O et R et Bl o P dch B2 £0UBied fo pon

anpeemplemenigrydising and beirg diven asides@ibedl dbove, magibe combined

d
Do BB HLEIhR VT el B TRLE w35 comppmentary
anddiighbéingsimnainy dieste - 12 WO 2005/ 024834
PCT/ US2004/ 82938 see FIG 2). [0064] However,

acc%rdl ghs 500 PR OIVer S¢Naimner esent | nventl on,

[00% Zﬁsvssﬁgtggﬂgsgéégﬁ tﬁéef Je‘?ﬁ%éﬂi% &{fé}ﬁf’g o ﬂ\g}%l ‘8 eatlve word

s uclineaschédrhe ditrit @esémjrébbaté@ﬂ%t &S ménhtuﬁi ifh@t BRARY c&il &Sata the

t r al g@é]fc{gq? (ﬁg@ V? ﬁ}%éqﬁ%wggrqarg?stﬂv(omsncsf 1)is much higher than that
of peripheral transistors. However, when the threshold of the cell access
transistor is high, a much higher voltage is required to transfer charge from the
cell to the bit line and charge the bit line to the cell, and longer time is taken to
complete the charge sharing and restoring operation. A partial solution was
depicted with regard to FIG. 3, discussed in the background of the invention,
in which a word line level is set lower than voltage Vss when the cell is not
accessed.

[0067] FIG. 8 and FIG. 9 illustrate a new negative word line driver scheme

which provides a number of advantages. A feature of this aspect of the
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reverse biased. For exanple, in standby node, if a
boosted voltage is 1.5V and VDD is IV, then voltage

wo/e®snotssshe PMOS source transistor i s Vecs = 1. BOI/USI004/629038

0.5V. Therefore, the source transistor is

rev B t e. if.alower
Lo BB A e By e o NN AR a5 o i 5
souinoeeasaths affectivesth@éholdvéiidge ofbuiMowih eaAbREGs duso

I S reverse-biased by 0.5V

NVOS t i st
WtWﬁ%#%ﬁ%?ﬁrggﬁbm%Bat,eni'ébé‘@e)-transi stors can be

Ot 1 can 5 one 2 (YRGB SFind Ao Roifl WRkEHe scheme in

canFfé. 8.oImstaingHey moolet tines Widand IRRave alrsaative dfas level (Vay) to
wel LUr ;o?ﬂh%oc% 1.1t slgoul d, be recog(nl zed that one or i

mor k ches”Catfpred ?@SW-S "RORAPEINSN- alt phakilsl bre appteciated that
bei signer Pxas aﬁ%rﬂ_@ﬁi@)%&&@e@?@ﬁﬁl SR WPEICR HBE{)@?% Rogsted signal by

according to the invention wth one or nore
coupfié@sso WhERH istegic high and fransistozs mn3and lnand sire turned on and

dri . ' L i heme. 20 [0066]
anoll e AU E g o el o d6lBge e o i tine
neWMIE i lowe Woreh theliGdSIRAIRL) 15 o Bl dnalbfed BECSE Y B the

that to maintain the DRAM ce data, the
vol 2agfesss Priaoasdeaitagedfesi Wben WhEIgoss tos/Amartd node A goes to

hi h _ - | i st . .

oSBT ARk iy Yo RARERAE Brabb SRS Rl SRR pansistor

hi gimn2ais tureledrorg hertheroiramgstor srrEiguiied 6 the EWEfg%ts fo voltage
g

cha(/ge ,frognhe 25 cell to the bit |ine and charge
bi t VF$ RBCE IneHX ienew af Ms) dMen ling /X gees tkwoitags Ver, the node

| : ' d [ tion.
a1 i PBofsianed 6 30itate Bie, MHICH 2 MBS0 B itige Ve anc
di sihesR¥devel is transieciegrtoutd withduba Vitirept Vohen théword line is

which a word.| i | eve|] is set |ower than voltage Vss
Meﬁlsgﬁ%rggg  ling E’nges Q:&?Q@q‘./ss:ﬁﬁq Udg.gq)eﬂca_\/sgmaﬁg the node A
FI Gevdl is!Vatst Wahén @VDE‘@O@@Q@WH{Q%%% thbr?'ﬁ)d%y\ Y(%fel goes to Vss

Y
schenme which provi des “a nunber vant ages.
f eadnd traosistariren2 iptened dfft Mdhen] JVMEB 200@8/t0 3433hd transistors

CT/ US2004/ 029038 i [ ' h f ked -
pul P TP AP duRe o ana ML ghes f Srmegatieptae lovel Vaz. The
| ; ! _
o) @?ﬂ di @g@ tb Q% ity Prévirg BNQIrbnY @lbmggegghp}gl Ji\/:g?(&wa\(sz since

transistors due to 1ncreased source-to-
( vsinsistor mn2 is turned on as WL goes to voltage V..

[0069] Another feature of this aspect of the invention is utilizing of the two-step

control of the word line level to eliminate a direct (short) path from Vep to V..
This is accomplished by having the separate controls WLE and WLEB for
controlling the transistors coupled between Vpep to Vg, Voltage Vg2 is created
by an on-chip voltage generator and has a certain amount of capability to
extract flowing charge from other sources. The more charge is flowing into
V2, the faster operation to maintain the Vs, level is needed and it results in
extra power consumption, especially within specific operating modes such as

the self-refresh mode.

-14-



[0068] FIG 9 shows a timng diagramof the new

negative word line schene in 5 FIG 8. In stand-by
worpae/02488hes WL and PX have a negative bias | er€l/us2BR)29038

to turn off the cell access transistors nore

007} on . fingthertAihiet of fidRPRRi i3 26 il iteshde &y
si giAkisirs fafgiaeked pWHdBwWrStraRgsiord)isgizhartsHovwanmi BIR18s than
m3 and nNm4 are turned on and |ines W. and PX are at

volareytliagspior the offtdransisiprsdp e wgrcvsrse divRISChERE: 10
[00%@E s lA%\%t%&?%%)éﬂngﬂvEWn (n‘%?ve%snottl ?Qﬁrlﬁ@a%&ﬁ line

cordi dr ess oes to vo

V%@Iisdﬂl&smis (WhER) o ambmadEQAtlwpetdndJal Stpte vt standby mode,

where Vtn js.th threshold voIt eof sistor mml,
thé‘i‘ie'ﬁrhfﬁg'-ﬁr&ﬁ‘ &P%

enwopgtmﬁh?éae W“Wﬂé‘ Aansi stor M2

)l tage Vss since line

Y, goes to vol tage Vpp,
[00121e nodé&F165 1A érei/ElG i 1 iﬂuslramrtapwew of exampt@g @prwer level

hj th I t PX,l
PRI dou i ABE TR BBF BFtoUn A PrRAIGY gbote,
' ' '?ﬁm'irﬁzwféj Iﬁé}@égﬁéjslpéﬁd?ﬁo%ggg%Pbﬂaﬁplhtaﬁlﬁégéf% Wword line
W. goes to Vss'since the node A level is When

W.Bchese. t thigds pagemplished aecaiding ta thksxﬁ@pegg@fsfhednmlon

volfecs SRS, ThE Rny a0k duch as P

V\L RS, |§Q)réfe'ﬁﬁﬁlgtcbhﬁgm@dttégﬁvb%leépa\tﬁﬁ?ty td h!ischékge to Vss first
signal goes to VB2 to prevent a current flow

PX A Te Vo lBlerdp peiiee ahafan BpwaniosVaa 8 oiRRsrates a
9 .
as dgeg?ﬁ '6'%9 rﬁ@ hﬁ%‘ Q/?E%%mlg g?éljt |1 é@%}%%%?ftﬁﬁm%&fa?k{}hﬁ: To

condiséharge the®PXaode, INTearding? gbes ed) voltaget ¥emand haetPX goes
(short) path from Vpp to VB2, cco H v

by G ﬁgvph@%ypamégw@ns@tgr Toalk e Jy/2gorsro VoltEGe Voo (or
conire Oe{r}dnﬁ\lé%é foavrbﬁfa?e tSQHm @I‘F'tr*éﬁ&*éﬁﬁ'%/‘/ﬂ&bnﬁ&etely Since

VBZ PR I's Cr an on-chip vol tage
gengamsistor FMMQ isatarreeccen bad rthaﬂﬁ)ﬂnod@fs @laphargedttg voltage Va2

e W RO Gt WS, bl o aLhe i PegR stapals s
mai %ta@l'il sEBﬁ ||¥B?G| yel is needed and it results in 30

extra pgwer consurrptl on, especially within specific
opebat i nGummiary/. such as the self-refresh node. -14 WO

oobhf™ 24554 LR SePER PR3 STt G methods for
reducing power consumption which are particularly well suited for use within
dynamic random access memory (DRAM) devices. Circuits and method are
also described for decreasing data access times within DRAM devices. It
should be appreciated, however, that the circuits described herein can be
utilized in a variety of low voltage control circuits without departing from the
teachings of the present invention.

[0074] Numerous schematics and waveforms are depicted by way of example

for implementing these aspects of the invention. It should be readily
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transi stors for stacked pull-down transistors, such as
shown in FIG 8, than are utilized for the other

WO e@ns24380rs in a word line driver schene. [ O0OFQT/US2004/029038

[00

Anot her aspect of the invention involves not requiring

2 ettt afltbEnhlolind Wbt Iiehféi Bal be applied to

I echuphérguk dreait® by tonefofdrdinaey élkm)m thg aninvithyB2dedartihgfrom the
power | evel shifter schene. [0072] FIG 10 and FIG 11
il I%@??@t'@VW'%y of exanple a | ow power |evel

fter I | n

o neﬁgﬁ{oldg@: the dgébﬁtﬁmnr]?épcgvé’l?ﬁrgt?glg Iﬁ iéleggdtnl?.otnhe%% should not
VB:be eonsmmdt mhmltmgahaesgapevoé thveoimrehtiore buts as erarelyTirogiding

edacc d|n to,this aspec f the . .
| iR B Pk Sihe At Syl S EhoRn S af dais invention.
TheTReRiHA, itShigh! a;‘fb’ré(\z,‘@fed € theéscdpe oﬂhb\fﬁésehtﬁnventlon fully
preferably configured to have a capability 't

di sricampasses\atherembediments which vy hegosie @bwﬁuﬁitcmlrme skilled

ar 10 5e i Paftdne bR stogs o kpfepent VLG e irtdingliig be
di aghiesd by ﬂotkdmg ettsrdean ke Bparadirl clhiMs, andvhidk refermce to an
to volta and |ine PX goes down to vol tage Vss

t hrﬁiﬁ@'ﬁmg Hh’ili@l %n@ﬂlaw notinteRded tg meass"ane ansl ealyonghynless
(or XQYB{% s%”sq bgf’F{th%P o‘ﬁ%' $rA86re BAIL Qrddiirdl 99& functional
etely. i S

tra nce transistor mm
t urerqidvalenartd thh elé?ﬁenks(iﬁ the abose%sglelnbd prafeltred@mbd}ﬂment
20 W|thout unwant ed c Snt fl Eﬁ,n into VB2

il thesa

ti rHNAbat kgws &0 mog%ﬁaﬂ orfigary g Are ﬁxrfzrﬁgslyﬂcorporated
S. Y refofheal arkd reolh??:rgiyg tb%@@ﬁécﬁﬁpﬁ'&% hPfe Bresent

nunber o CIrCUItS an reduci ng power
condaims.i Morednearhit iy Botmaaessaryaﬂor 9! deyide gunethdd ioraddyess each

\é\ﬁe%‘rgggvgr% p? fé{rng gg{@%ﬂg @bg‘ﬁg% pﬁe&&%&tl%,ﬁor it to be

decgf@rhPas &L By MeCHesehi é@ﬁnw FOHRerRARY), ﬁ@\élémént lcbmponent,
shoul d be appreci ated, however, that the circuit

deserr medchetepiin theiprasent disclasueeis lﬁt@dﬁdrtpé}q/d@#'c@f&?& to the

! oS3k oSBT 8, b nsr E88501 BB of AGtha stop s
SCf@k’mhitrySre@ﬁléH wedref claings. aNe ik eleatbnbhevaly iofo be construed
exanple for inplenmenti n%t he e aspects of the

i nvienderdhe nrevisiedsiad 39U re&ail| % sith RRPEPS) Hlesshe element is
PCTé)H)%Q%/ rQ&?&?@smg the phrase "means for."
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appreci ated that the teachings of the present

i nvention can be applied to nunerous circuits by one
wo@boosmelispary skill in the art w thout departi nRCT/D82004/029038

the present invention. [0075] Although the

descri ption above contarnscgﬁ details t hese shoul d

not 5 be construed as |i qg the scope of the
Whatisedibinmgd lgut as nerely providing illustrations of

sonme of the presently preferred enbodi nents of this

i nvlent i dh dYNJmiG BERYY. $@MPYisiNdbe appreci ated that the

sc fudyl nconpasses

ot REp By §F SRIrBaE Eple R bl el el s o ¢ hose

skid eainonyrcarééaging, a brhdinersauctdrre csupkeel tofsaichstopagss eelts;

inveB&hon I S _accor im.ted b

t.hi .
ot FAPI RS sene SEieh Car i Tefidor peromiing Spave ABHI: Tgtoration of

sai@grurarht?r&@rorbgebaﬁssarrwul ar is not intended to mean
ne and only one" unless explicitly so stated, but
r atatdeastame latchwitkin'said sesse aoplifiet Ceupled tmatdosriementary
nts, t.o.the. Ienents of the above-descri bed
Se'\&%&%’??@%‘ﬁ%&f% "that are known to those of
ordinary skill in the art are expressly incorporated
15 herein by reference and are intended to be
encdnpasA LYt A refsiiteddnclaig hrvnl%ere%afelse&frtwq latghes are
I
corltp SRl Ehed affEE iR SO Ay B Samga sy
corh?léﬁféﬂt@@dr‘hﬂftramsrﬁtmrbe enconpassed by the present
clains. Furthernore, no el enent, conponent, or nethod
step in the present disclosure is intended to be

dedj cat eg rﬁé’mbﬂﬁagpecﬂf&l |h‘bhérljg’?r\ﬂh€r%§1 %rd"ﬁ?ﬁirﬂ%eﬁé@%mphfrer is
el ement, conporren

step is explicitly
coupted betvéen bitéines i abit INe pdinfomsbheng the beargierpfisaid storage cell.
be construed under the provisions of 35 U S.C 112,
sixth paragraph unl ess the elenent is expressly

recited nshag g@ 8s PEE&IREEIn dEANS, WRérein mdﬂg&ﬁ/érﬁj‘la&ﬁplementary
CLAI M5 PCT/ US2004/ 029038 What is clained is:

draity transistarsonngrisesampNHetahgcouplgd te alR-gipinfors Brlatg@ coupled to an
ﬁpllsrggrrnultrple cell states; 5 a nmenory core
2N Q58 ¢ 1ine structure coupled to said storage
cells; a bit line sense anplifier configured for
perfornrng sense and/or restoration of

of 8t or afdnesary as ggeited in claim 4, wherein sardaN qat% Is couplgd to a P-
drain on the sense signal (SAN), and said P-latch is coupled to an N-drain on the

restore signal (SAP).
6. A memory as recited in claim 4, wherein said N-latch comprises a pair
of cross-coupled NMOS transistors, and said P-drain comprises a PMOS source

transistor.

7. A memory as recited in claim 6, wherein said N-latch is coupled

between a bit line pair and said P-drain is coupled to a sense line (SAN).
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at least one latch within said sense anplifier coupled

to a conplenentary sense or restore drain transistor.
wQ@A0002/024834T1enory as recited in claim1, wherei nPEL/US®a$029038

two |l atches are connected within said sense

anplgi fi e yiln hISC.OU
cgprrgl emer’?% ary %?Zﬁ%:]regﬁg%ﬁ g%‘b% gpa,l\cg%d@g:hd%ompnses a pair
of pessteuipled ENﬁD&tﬂansrd’telrseand%aiodemburi d:cﬂﬁpﬁ@ébS&n NMOS source
tragggtlfler is coupled between bit lines in bit Iin
tor shari ng the charge of said storage ceII 4. A
menory as recited in claiml, wherein said |latch and
conmpl ementary drain transistor conprises an N-|atch
HBI ed fongnRryEsirecited iraclBinh 8t eheesinBaRIPLatchANs cSQpled

r as recited in claim4
pefijedrta bitdfie P4 Aag 3pid N EBkH chuploddors restorerinen{ SAR.
sense signal (SAN), and said P-latch is coupled to an
rain on the restore signal (SAP). 25 6. A nenory
Fam t BdMPMsY gsrregitedineciainm 1swherdin Isatd:d:bmpmmerﬁaq/ drain

L r rransi.stors, and sa
”aﬁs s ik 3L R AR B8 oletS iR STty 19039 10 pecuce
leakagercurraat.recited in claim6, wherein said N-latch is

coupled between a bit line pair and said P-drain is
coupled to a sense line (SAN. -17 WO 2005/ 024834

PCT4 pszoﬂ%gg%q?gsgﬁc,{semr@é% gs recited in claimd4,

wherei n said conprises a pair of
cr owbertsin shisicahpemertan dtat Bansistr sad v tU Bodsted voltage
Iev%lomﬁ)“ ses an NMOS source transistor. 5 9. A nenory as
Sc Pgd in claim8, wherein said P-latch is coupl ed

bet whefsi sBid bd)(bé?céd %Ité%é‘ i@/eﬁéncgpelf gés QF&A@@%‘&? lcS{i’\g eﬁpentary

a restore line (SA
drain trgpsistarwitha d'oliag@ laé oehelamy Vels, @r mctivatingssait @ommementary drain

reversed biagsed state during standby
traﬁ&%@lrtu@[ﬂréeg‘a@aege _aLﬁor %?(fggs%ur rent. 11. A menory as
recited in claim1:
12. A memory as recited in claim 4, wherein said N-latch, or said P-latch, or
both, are configured as depletion mode transistors or leaky transistors.

13. A memory as recited in claim 1, wherein said drain transistor is coupled
to each bit line pair in a distributed configuration or shared by multiple bit lines in a

lumped configuration.

14. A memory as recited in claim 1, further comprising:
a negative word line driver having stacked pull-down transistors and a two
voltage step control scheme.

15. A memory as recited in claim 1, further comprising:
a level converter having current paths to Vss and to a voltage Va2 which is less

than Vss.
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wherein said conplenentary drain transistor is driven

to boosted voltage |evels; and 15 wherein said
whowmsha@3dol t age | evel s conprise activating saPdr/us2004/029038

conplementary drain transistor with a voltage at or

bel ow Vss, or activating said conplenentary drain

transistor wwth a voltage at or above VDD. 12. A

men® y dSseasébmbh‘ﬂermk@.hﬁ:mémpﬁbiﬂgei n said N-latch, or

said P-latch, or are configured as_ dep)eti
mod¥ leasiiieslatsnscaip ?figﬁm%mq SresHEnodes ang Raniiiyed dor
sen"sﬁ'@pb?%étarlﬁg (i}h s\éﬂgfng' éhosl%s@o aga éﬁ‘e %I?{Eésséj@ald fodes; and

ach pai r Sstri
cord compitmenmntaoy dmmsﬁdcﬂuye m:hpledlte daich daichkaéch and configured for
| u d confi urat 4. A nmenory as recited in

revargqp

aging Wigdp s WE‘P : a negative word |ine

driver having stacked pull-down transistors and a two
vol tage step control schenme. 30 15. A nenory as
reclt.ed A\rsensauammflef girewibas ceoiiediivickajm 6:l evel

S/g? Vﬁ#@?{] sal qogﬂglgﬂ%g%\ggg%hﬁﬁ@%%sg 6@&%@%&@%}%8&&%% outside
of tRETOIRGE P4rh G2 B8RFeckb VA sedsepanpl i fier circuit,

conprising: at |least one | atch coupl ed between two
circuit nodes and configured for sensing, or

resjori % Osg%e ké%n@lf%g %ﬁbﬁ\gaé?éiclfe%%(?ﬂéiﬁgm tWkersil éé!ﬂ &Wo circuit

of sdid rain structure
nodesugdragris® agaathofShit mésa‘!vcthmemdywnfd rgemmiy tiveuit.

reverse-biasing while in standby node. 17. A sense

anplifier circuit as recited in claim16: wherein said

| e% ﬂts%rn\é:gdérﬁglﬁle?tcfrﬁﬁﬁ Hé‘?eblﬁeodlh' & B8, WREeAvSaid latches

S out sl e vol tage range between Vss
andsdidiinpletnenageda sdlmtufaseaompmsmNt-lamese?@lUpm torp P-drain, or

er ei i circuit nodes conprise a
P"ﬁfé’ﬁPs&PUBh\M] E' ‘iﬁafrhi%%ﬂ&ynam c nenory circuit. 15
19. A sense an‘pl ifier circuit as recited in clai m 16,

wherein said | atches and said conpl ement ary dra
st r 2@t ur Assansemmplifiexdrguit Be seeitrtbinedainy 16, Wha‘ﬁﬂ" ﬁa|ddatches

and said complementary drain structures comprise N-latches coupled to a P-drain on
a first signal (SAN), or P-latches coupled to an N-drain on a second signal (SAP), or
both.

21. A sense amplifier circuit as recited in claim 20, wherein said P-drain
comprising a PMOS source transistor coupled to said first signal is configured for
receiving a gate voltage equal to or lower than the operating voltage Vss in active

mode and voltage Vpp in standby mode.

22. A sense amplifier circuit as recited in claim 20, wherein said N-drain
comprises an NMOS source transistor coupled to said second signal which is
configured for receiving a gate voltage equal to or higher than the operating voltage

Vpp in active mode and voltage Vss in standby mode.
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P-l1atches coupled to an N-drain, or both. 20. A sense
anplifier circuit as recited in claim16, wherein said
wo a006k23320 and said conpl ementary drain struckCr/ES2004/029038

conprise N-latches coupled to a P-drain on a first
signal (SAN), or P-latches coupled to an N-drain on a
second signal (SAP), or both. 21. A sense anplifier
ci ra3ji t Asense ahgdifienciedudt a8 Aébitedhie ckdim B iwhdreitir sdid drain
25 conpri si n_g a PI\/[E soyrce transistor coupled to, %ai d
structyrep a5 GRAMNOYISA3MACRIgHRY MQste rardpiprygr igagy fransisiors.
vol tage equal to or lower than the operating voltage
Vss in active node and voltage Von in standby node.
22.247 sesensepmglifier ciccuitas recitedrie cldimd! 6, whdraimsad drain

wherei n said drain .30.conprises an,N .sour.ce.
StriCHs e S PlSSPeeP e L 2B I TP Lt nodes.

configured for receiving a gate voltage equal to or

hi gher than the operating voltage VDD in active node

and2aol tAgense amplifier aifelblasrerited-inglawp PRJBrtbeuganprising:

PCT/ US2004/ 0 . i fi ' i:

S HERARY BPRF e A5 Bl oL tibigPSgno a wo
voliage stepicbattbrsthrsnglepl etion node transistors or |eaky

transistors. 5 24. A sense anplifier circuit as

recited in claim16, wherein said drain structures

ar ez@.oup)x%gggg a%@&ﬁlﬁ?'ggﬁg’ig Bg E%ﬁfefa‘%h AR ?,dr.uth}ﬁgg%ﬁqbnémg:

circuit no I er CIrcul

r eca lea@| convéréerrhahing Eunréhtgpathe b Viss and to aavattagatWasavhich is less

word line driver having stacked pull-down transistors
thagndssa two 10 vol tage step control schenme. 26. A sense
anplifier circuit as recited in claim1l, further
conprising: a |level converter having current paths to
Vss2and Acimuitddr drpndyBRe woird linéswitkinsa dymamicysemoryp device,
27.. A circuit for driving the word lines within a
CorgPH8IREc menory device, conprising: a signal |ine

conf istHHA finé @bnfigiiieli fBE c¥ibIMg withif en@yHmigendipryleavies to drive
to dri've nenory word selection; 20 a pull-up

memarysvatcelesignt ed bet ween said signal line and a

con{ta rp%lll-us’p; @Q%ist%)r(;coﬁ&%d between said signal line and a control signal PX;

and
at least two stacked pull-down transistors coupled between said signal line

and a voltage source whose voltage is less than Vss.

28. A circuit as recited in claim 27, wherein said signal line driving said
memory word selection is configured to be activated in two steps, to Vss first and

then to a voltage level below Vss.
29. A circuit as recited in claim 27, further comprising a voltage shifting

transistor coupled between a write line enable signal and said pull-up transistor;

wherein the gate of said voltage shifting transistor is coupled to a voltage source
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at |least two stacked pull-down transistors coupled

bet ween said signal line and a voltage source whose
woolosags3d s | ess than Vss. 25 28. A circuit asPCEUS1084029038
in claim?27, wherein said signal line driving said

opy is configured to be activated in
exq@%@ﬁ@tggoguﬁpy@gédre? and then to a voltage |evel
bel ow Vss. 29. Acircuit as recited in claim 27,

further conprising a voltage shifting 30 transistor
coupfd-ed /b@trﬁié@ﬁsaemﬁd & ¢lam23nwber@% Adiish weiedingsgngble signal is

cm@ﬁé# djfhet égt@%f%ta oPul BrtPér&llét&e a%taes&forﬁ%mevlmet %9?02% signal is

ransi s I Stcoupled’to tage sourc

coumdﬂﬂfﬁeogdt&@@f Be ﬂSEWbO[B—EG@& tequsistdrsng t he supply
voltage VDD. 30. Acircuit as recited in claim 27,
wherein a first wite line enable signal is coupled

to gfie gal&cof f {He Ebhtkdi @Rat PX utilBBE 8r E6&RR3khg word line
Gy fhiend éd X

wite line enab I's 5 coupled to the gates o
drivegistatetvaitiie d Mamldmmonadewse aeanprdsing:A circuit for

\%Ir% cBﬁ“gP |gp$l\r}ty&8|gft Iﬁ'lteg(ll-%)tq%ﬁlldhr% er%]oQS 7 né IR/v%rd iliﬂg control
cird@RMViBifin LAY Memory BE8EE Fbr éﬁl\ﬂlﬁ‘?h@ﬁér@uﬁloﬂd diedtiOR} and
configured for coupling to a word Tine control 10

ci re@ans\ipr leval conygrsian of thaereenirel signad Oﬂtnutdlne\(F’P@ between a
t
icf Rt N3 27 <G ou ekl (ke B Mg v

vol yhegesih @4kl m¥ans ag Botfigurbd'to pedvienga shevietiscuitdsetandn Ve and
VB2, wherein VB2 < Vss: wherein said neans is

Vezonfigured to prevent a short circuit between Vpp and
VB2. 15 32. Acircuit as recited in claim31l, wherein
sai d neans of |evel conversion conprises: a pair of
par 32) el Atitduitdewecttedirsclaimi3d, abeptiedatbmeaes of ekl conversion
control signal output line (PX); 20 wherein a first
COpRFaP¥-el pul | -down transistor is coupled to a first

vol L ran@I ISy g\én%sﬁjrg RBLpletibetweBn ishid 86HtFSI signal

wher el n a secon par al | [1-down transistor is
outpoi ihePXy a second voltage VB2, wherein VB2 is |ess

e 2% bAoA s B3P b 4Pkt ofage vss anc

recéhlds2d) 8ighiatl IN® upsh digdté;ne

wherein a second parallel pull-down transistor is coupled to a second voltage
Vaz, Wherein Vag is less than Vss, and receives a signal IN3 upon its gate;

a pull-up transistor coupled between said control voltage signal output line
(PX) and a high voltage level in excess of voltage Vpp;

wherein the gate of said pull-up transistor is coupled to a control signal IN1;
and

means of sequencing the voltages on control signals IN1, IN2 and IN3 to
discharge said control output line (PX) without excess current flow into voltage

source Vgo.
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25 (PX) and a high voltage |evel in excess of voltage
VDD; wherein the gate of said pull-up transistor is

weowphzm3t o a control signal INlL; and neans 0fPCT/USZOO4/029038
sequenci ng the voltages on control signals I NI,

S50 Al R P Fncr

voltd§e INt ANVENR A0S iDediRirECTdr IN22AGEN3 3o VA causing control
circuit as recited in claim32 erein said ns of
signab (oéhia digptteeVssy anddgen settingINS tando atVrrandd Wﬁ?’!} BuVen
for driving INL and IN2 to Vpp causing control signal
(PX) to drop to Vss, and then setting IN3 to VDD or
Vp4and A hixthod ¥B8ensing4r réstorhdsiinafs Isetasienga first and second
restoring signals between a first and second node,
noc’@oﬁ%’ﬂ%‘ﬁ%@' coupling at l|east two source transistors

gf Icthu@Lﬁ@tat Ha%'i‘%hé%@ﬂréey ﬁoFsy@IGa ﬂF é'ﬂ'an%béﬁ?r type, Ff’-giﬂﬁ or N-

et ween Irst g second bei ng sense
type,dagoima latahongtivesara ﬁlrsj?add@lenond n@d@élﬂ!ﬂf@BW%l st or

et ween

Y Boupling Hormhlementhg aratarcs SEEETL BaNF BRI dv-type or P-type,

bet\%gﬁ‘ 3hid So\Srce tRIRINIbRDIRIIAREVEAE of SeHEe @rtr@e@r@fsuml cand
latches in a reversed biased state during standby

nodetaining st sourseKrrnsigiors efriaid iches ingd Fxersed blased state
reci.ted in r ri sing coupling a
durings ta&‘gb%meaf@?ﬁﬁ?% %@Bﬁ by g%zﬁsecond latch which is

coupl ed between said first and second node and
connected to a sense_or restore signal. 36, A net

. . od
as Fxci thdethodiag rectiad in datmer COMRYising 69 ing a non-
' e &tvdedlsatd first and
CO@@F&%% IFeve @JL g%ﬁé@)ﬁgt%gﬂi an'g?oa%a etvvegn SVon and
secdssl. no'iﬂa arfd gehhected o mesdrtsecbrirestoraisipnal, wherei n sai d
| at ch conprises NMOS transistors, and said
conplenmentary drain is a PMOS transistor. 25 38. A

metfpd ag rﬁ%gghe.% PRited & Blaitft 34"‘4ﬁ.ﬂ’trﬁérrbo’$1%rﬂsnh@ﬂﬁhng said

conpri ses transistors, and said conpl enentary
tramiiston of salalrcdmﬁlemermrsyl draiy at asgoltagersuﬁb@utgldercaf dbe irange
Ieak e curr in a sense anplifier of a nmenory

betgqe,e@ 7o AR, F1 si ng:

37. A method as recited in claim 34, wherein said latch comprises NMOS

transistors, and said complementary drain is a PMOS transistor.

38. A method as recited in claim 34, wherein said latch comprises PMOS

transistors, and said complementary drain is an NMOS transistor.

39. A method of reducing leakage current in a sense amplifier of a memory
circuit, comprising:

coupling a sense latch, restore latch, or both, between bit lines of a memory
circuit;

connecting a non-complementary drain from each said latch, or latches, to a

292



30 coupling a sense latch, restore latch, or both,
between bit lines of a nmenory circuit; connecting a

wmorvsoispd enent ary drain from each sai d | at ch, POF/US2004/029038
| atches, to a -22 WD 2005/ 024834 PCT/ US2004/ 029038

sor 5 RBbanf 603 BLBolh 8RRL, & oo and

dr ahamtainrnlg ts valtdie's onedi nori-sbaplarheniaey dta’mitiurlng standby
oper ati ng tage range fromVss to VDD to revers

moqé)qe Qgtsuﬂeh@f ngp@rmalme@gr&vol’@ge range from Vss to VDD to reverse bias
the respective gates.



