Frerer veer veer - veet e e e e rrrr el
166166* TITLE OF THE I NVENTION * LOWVOLTAGE

RELATED APPLI CATLONS § [ 0001] Thi 5 oot 1 cat 1 on e |ATHILUAAN

riority fromuU. S IS} I | ication serial “166166°
huber 60/ 500, 662 fﬁg‘iﬁi{ﬁ@iﬁ%iﬁf{@ﬁ@woos, ‘

i ncor porlMAHVOLTAGE [OPERATFORNS ' -
STATEIF\)/EI\IT REGARDI NG FEDERALLY SP%MEAWU!F&

OR DEVELOPMENT (0002] Not Applicable NOTICE OF

ol 100 Gine mmdr a1 SEATER AL nenlofs

10

15

20

25

30

H ect tizapplication C'ﬁﬁ?w.‘mrgﬂf"‘t()ﬁwﬁgﬁ‘g]yﬁsgﬁﬁé rapplication serial
sy t nid e ates_and _
ggﬂ)rﬂu:r ies d iﬁe@g&%gﬁee%fmt&{g@?%b?; gg?ﬂo%ilmrpor&tsd herein by

obj ¢eferencet in itshentiratysi i | e  reproduction by anyone of

the patent docunent or the patent disclosure, as it
appears in the United States Patent and Trademark

O f | STATEMENTRREARBRE FED r
ot herwi se reserves zﬁ[?l copgr ,%ﬁ&YW%@ﬁ@gg{%EARCH
i 11 gnis Lo have Thi s parent - docunent. mai nalned in
' rights to have [ , _

[oosde recs, i ncluding wit hou?\fq%i%rﬂmﬁ@ﬁ"gn its rights
pursuant to 37 CF. R 1.14. BACKGROUND OF THE

E . Field of the Inv .n ion [0004] This
iI rl\mlx\// e N&ﬁr&%é&t ";‘Nséfg'&@HBU?CtToT@@mENMGHToPRr?ErmwON
ot 0nt: circuits thin .
O oo b o U matcrfel i 1 Bateplabtlrpr ks stimect to copyright
Rel Bifosectiant yndeyabs]copyrigint lawBaf dgaguﬁﬁéeﬁatf% ér!fv other
nor ;
ém%;ﬁ@% oiﬁgpoé'ilj'i‘?erdﬁae goan?r@trri@hgsgﬁ@ﬁ pétqbiection to the facsimile
el erspradudtiondsyasgsne &Jthierkgataw&tﬁﬁrﬂtdr‘?ﬁ‘e "ﬁa?é?ng‘rﬁglsclosure, as it

sensi ng operatjon that reads data om the ne

cel FPREATR &) the, United StatesiRatertranh T rastesnanke@ficepliblidlylavailable

I Ifilglor keddrdbs %&téthlenl/isli és’érv%} Lit bobyight rghts whate IVFI' Th

Lrr T 600027 n%ﬁ%BBgfﬁlw%W%’&e- e

Lovanyright denepdoes nobherwblyagsivé any of its HgREY fAlve this patent
document maintained in secreq'/, including without limitation its rights pursuant
to 37 C.F.R. § 1.14.

BACKGROUND OF THE INVENTION

1. Eield of the Invention

[0004] This invention pertains génerally 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 operatiorﬁ a core sensing operation that reads data
from the memory cell is key to détermining DRAM access speed and

- I

MR

*G00002*



10

15

20

25

30

[0{)%% cal sub t hr eshol age c{!lr

for current and future applications to achi eve power
savi ngs and device scalability. However, operation at
reduced voltages inevitably causes perfornance
(speed) degradation of the.transistor due to the

I | t Vi | abl
o 1 i BpbRuRaTAR6S, LoweARG she.onbraingpengs ivary importan

degrfedguirent asd fut
the Lgansl stor futufe absiiciaons 19 8ofieie BORL( b i dfa Shuoe
vol ta é alﬁ %Pﬁrabwp@heeducaﬂ Vphagwmvltablyfaauses

tS:Jgnﬁsff";? gtaﬂgée Eﬁwgﬁém of t] [ad'%lqtt c?qﬁgg)ntﬁ'ugfqmaller gate-to-

st at¥UreQ veltruss(Veshiavaitalife t lﬁ)ue&lmﬂy dhb%ﬁcﬁa@ﬁy%‘hﬂﬁg&tfg such
can o tantia tion of the o
power coﬁisab #%ﬁe@é&‘é} nplgl’t? Scale éiovﬁbmrth@ﬁ@lﬂmltage ofithe

in,.the self r fresh nmod e

oo rRonbfisl erR8ss i essur-thipshold I@Kageloudrent nowmgoﬂhaough the

vni oo bty opglné LARSEREIE i o el ' 8. 13 pm

hnol odyi$ sukrttseshald leakagedcwreentroancionatiets a shbefintial portion
erature such as

125C Pri#’bpl Caﬁ%o%r?tﬁggl evﬁtgr?gﬁiﬂeqwq%?r Rawerreansampfionvio the
bi t standby modell fmproanY thb@ﬁéﬁénﬁﬁﬂs%ﬁ 26{%@ Biifie seffapiresh

connect ed ine in each

bi t M99% ft“?r@‘%@%ﬁ@bomdpowﬁ Whexbihe tfaﬁh%liétbawith@xe scaled
102 th 2 x 1024
1022"%2%@@”@#3%8? P P4 oG0S tifeath @ picehauigthreshold

cur leakagpeurean & D073 A aechiolb
t ot aly)(isub threshol d | eakage cur rgem% é%&ﬁ oiﬁg%""” reach about

102 wheo subjedied tavan eevatedrtarhpératgersuchan 19@cC. T pically,
{@rgu aIIovva e .st ndb current in the self- refre¥1
e AMpiest S \Hwebighpes in datﬁemxtéﬂrtoksrmid 256 cells

d| a re;érgrm%fdég flh;eeblf"ﬂ?e BIR%W deV| cgﬁ?%sg?lﬁp? - Therefore,
f rai QM%FEHDRAM Ihanmgst(msﬂcx 4024 st OQiZLlQMIsi !heﬁ'é‘gre 2x1024 x
| cqQn ura
| i %E@ﬂangﬁ% ?“*mﬁé ﬂ?/ep? ﬁi S'?Q%@J@K%ﬂé apEnhpersense
| mpbﬂm |§561Ab(10 J), e Rt SubHrBERoil IEditade e it 12k 1024 x

perHﬂ inthe fol ded
arc §t19r e‘ Wﬁbﬂ%/ﬂ'&lﬁh@fger than theZﬁQlelﬂﬁ@"GWQBfé standby
bi teurrdift u*i’tﬂe Eélf‘??]f?@ﬁ?ﬁoﬁg anplifier is placed per bit

line pair, ere are 256 sense anplifiers in this

[oop@]mry aﬁlﬁm arth |G yidapiot stdohvéﬁffcﬁwa(PDFé@m% @%bfdr@%nd its

Iatch sense amplifier

a s X gﬁ,glra?%ﬁ%nqg awgr@por ypigadly, the DIRAM Qewcemsllm_piemedted with a
ISR BRI il i ey consiis o
wgrd,\jlmﬂ%s and i linesoth &G s enthere are 256 word lines and 256 bit
line pairs. Since there is one cell per bit line pair in the folded-bit line
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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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anplifiers. That is, the SAN and SAP nodes of the

first bit line pair (BLI and 5 BLBI) are connected
wi th SAN and SAP nodes of the second bit |ine pair
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[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 mns7_17 and
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anplifier, the P/ SO signal goes to a boosted voltage,
Vpp, to avoid a Vt drop by the NMOS transistors,

mi sol _1. [0011] Therefore, the logic high data can be
transferred to |ine BLI wi thout signal degradation
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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 existé for memory implementations which provide
improved speed while suppressing sub-threshold leakage current, and other
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30 [0019] In another embodiment of the invention a method of driving a
conventional sense amplifier is described utilizing an additional supply voltage

Vi, wherein Vp < Vss. This method provides increased reverse bias resuiting
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of different enbodinents. In summary these can be
descri bed according to 10 the follow ng. An

enbodi ment of the present invention can be descri bed
as a dynam c nmenory, conprising: (a) a plurality of
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voltage levels outside of the range between Vss and Vpp. The N-latch, or P-

latch, or both, are preferably configured as depletion mode transxstors or leaky
transistors.

[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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10 word lines within a dynam c nenory devi ce,
conprising: (a) a signal line configured for coupling
within a dynam c nenory device to drive nmenory word
sel ection; (b) a pull-up transrstor coupled bet ween
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con?ﬁg‘ﬁég r ch'ItCBV\Pﬁr% w&ﬁrnq&ﬁ%@rcﬁg aDY/F%éO flgye premory

dr i WoTd seteasiop; rb)raipﬂlbhpdtaretstor(é&upl&ﬁﬁétvrfe‘éh th?é%nal line and a
output l'ine

|
ot SeEEigRat PSS RIS Flicast i stagkacir-daw vensiatges coupld
| evdletwiisn tlwdrgHBQIrné/\Bﬁd 6'\)6It¥§é ssuké%%héi% ﬁ@ge is kﬁs than Vss.

sai d..means |s confi gured revent a s
bet Q‘EﬁJ lingnving tHeomesiory werg selsetion rswp!relt‘érabli' éonfigured to

| d ,of 30
s Do ARt o Sto e, SR B, s iR AL tsAdS oklage level botow
compfsss W%@ crr(cu)t may alsbi segnprise @&él‘tagé’\éhrﬁmg';rﬂ?é?nsrstor ?\?up}ed
tra%h?%eo % ook st translr stor type, P-typ

type, "t 3G pgienRbissigraland therpull Wrtraoeletmdwmnwr the gate
bei oftirevsiede ém&rn?Q@rﬂtdt&%%oﬁg@lﬁrée%l?a@ébs&@rﬁécgﬁ%e@mg the

second transi stor
souPHRPlY VeHage Maps of t he Iatch and a sense or restore

nal ; i ng t our ce ransrstors
[0 (tmr?g | at cﬁgg qrérg%ntr'e\%/ t@)g %‘% egmbedied @sig eigeuit fOf driving the

st apeihiyol eigreal tRX utitecsfol eakAeIRn
fur her | dr‘%yudes drj vi n% t he t?gﬁg‘fg’?%gp-g‘?f!{{ﬁwﬁlnadynamm

{ce camMprigings (@) pgrgtéons&ral outmzt lide (BX) cohfigured for
‘ an@m g8 e Wik
aIOpr ecilhatbed t hat t@%%ﬁ@tﬁ"&gga@%q :ﬁgyﬂg@écememory device for
nvaining ﬁ'lftmﬂryoeordeseject:cmj (la)ﬂr;ﬂred% €on Ibgéll doﬂvé‘r%" orPHf;gge control
way, ntion a so provides
%ﬂ%%ﬁéﬁ%ﬁ%é?@%e PRI MigkIvg %g%lﬁvehvep aad two low voltage
I | reveld Wsg driteVEWHRMEIRD;; < Vss. (c) wherein said means is configured to
prevent a short circuit between Vep and V.. |
[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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[ 0030] An aspect of the invention is a DRAM
architecture which provides | ower power dissipation
| evel s. [0031] Another aspect of the invention is a
DRAM ar chitecture which provides 15 enhanced data

t of h [ ti [
o nReRETom et pARER U3 ARG sedend Aoup Being sensed; ()
dyn&@ﬂ@llm@ﬁdmmﬂemw&imrnyw(d%@nd trdsistbr R Reype or P-type,

aspg ovi de a read| 'y

i npl gtrr%%%%ybe ﬁ%@rl\é’g r@t}ﬁletg;s ‘Pféaﬁ &@tﬁﬁ agdia $¢ﬂ%westore signal; and
| eale)yetainingetht. sotifcd H8ARGLINE B} (Y Ig?c‘i’r‘é@% gqftev%%%dvm?%erg state

invention is to mtigate DRAM speed degrada
ar i SHENg staRdRyamodg te dﬁﬂumewkdge cugege oﬁm method further includes

00 f
5 ed??.bﬁ'g@”“égﬁﬂ“giﬁeﬁﬁﬁ*Pgn%°W@fh%nﬁa”%ﬁi & e aadedevel o outside of
r el JiriAnge betivdenedphand Msge structure. [0036]
th th t t d nse
| | 1? :r e?ts‘&jﬁ(nb@u?’?prfﬁaﬁ?lﬁlhgg ,tl{xé?e%c%mq% <§ Rg;:paggeit?rfvesntlon can be
St r embﬂd‘hewénﬁ"de%bﬁbed\’iﬁ Va l&r\ﬁé% f‘ﬁe gé%&‘y k}lvgln |8raalsg provides

drain, or bot h, which are driven accor

| eaRdHENbeORIINelicial mspeatsprhich ifcludeebitrareniat timiied thahe
Pr o¥dididg et hod of reducing | eakage current wthin
non-conplenmentary sense anplifiers by utilizing a new

[003%) hod oAnoHspech of thainjv RS isANDRAGN a@&ﬁ&%iur@fwﬂla? provides lower
i nvggwegg O qrow de a new negative word |ine
dri I?SIP@ QDi'eYe!$ng a pul | -down transistor _

[0031¢hi t ecAnbtherasplcaSt Pl lH%%ht%\‘n 1? a Bml\fhgct?ntg?{u?e]l&}h?&\ provides

control mechanism -s [003 her ‘aspe
i nveRbarped datasqnsevingeda | evel shifter schene which

imze t, e ar nore. of the power
[0 dsﬁu pl i esAnFB%ﬁ%%pkkg& #‘E 'ﬁ!ﬁ"} 108y 1S é%B@%}’dé)%Fn@med sense
i nvempiitication withipraodjrkemici randofrsacueds mﬁél’ﬁ@%ﬁ(DMM
003" reasnR nse s efd and reduci ng | eakage current
10033kt “can Eg éé&PPEt olsthp ipyententis i aravidena Deadilydewilersented

andmethahishi fd?%&écth sﬁBQHF hWI féaﬁé‘ éngﬁﬂtl] Eur t her

seni conduct or roces ing tec og| e
[0034pect s Bnothes aspeeimf tbe lmreritlobes to mitigste DRAMNspdRe degradatlon

f ol of t he figation, wherein th
: detdgﬁ'll%gg 5& 3&'JB $§°W8r5‘?§&’ %‘G‘Fﬁ)é@%mﬂ”qsul |y
0085}l osiA & eacbfetnb f

g ot e RO ki TNy e

Stvictuses velpng aora Tolge GR\NNEGSIcture.
[OOB P42] TA‘ﬁothBV sabé&fbf\thé inV&R1tiBRi$td &Iolv%ieué] dghsd gompléJ &r circuit

erence
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.

-8-
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foll owi ng drawi ngs which are for illustrative purposes
only: [0043] FIG 1 is a schematic of a conventi onal
DRAM core structure. 15 [0044] FIG 2 is a timng

di agram for the conventional DRAM core structure of

1. 004 Fl G f .
100355, ot etk afpinsd thifehlion Bhoiinae s kfaeshitprschpme
l S \ﬂhl&ﬁ hﬁlﬁ&hizés @haﬁ%émfwllrﬁ@ lohedrmHGreUsfetha HoaH st pliss.
nmbodi nent o resent invention, shown

th
[00&91 ng a "Rl ﬂmqrrasp@shgﬁ tgﬁem%ntlpnﬁ fa provige plgw'tﬁtarmwmethods
S o E0R) S5 DO 304y BT e ey
showmpigmehted withindDidAMdevites and bthge cirbuits WMsaccdrd 04®)] current
t t
e RiRBe b LR B saadar RIS The present

[o04nyent i ofurtisdraxgpdees oNedhdritioBUiil BeIRBEGhEAE in tRS FolloWing
transi stors, 0049% FIG 7 is atimng diagramfor a

r evROTEENS 0k thespeRitioationawherein the ﬂ@tasmd d§§§'éiéti°fbﬁ fopthe
pr eS6Pbsé bY Filly @8c o%lﬂﬁgﬂléfen'eﬁ erﬁb %g?fﬂg |'r19 ithout

egat ve "wor river sc accor d |ng
an piapmgtlmmtattdms thermoant i nvent i on [0051] FIG 9 is a

| ERPEDESEAR B B HE SR ERAV B S G DRl o)

ocﬂm ver stTRéfivéntioASalR beimere R 0ndsResdd bpfefbhéhce to the
présent invention. [0053] FIG 11 is a timng diagram

f or follpwirxdrawings whiohareferillystrative, purposepmix LED

BT FTERS 5 4 bR Pl R s teie

[00@4!] pos eSFtCBl@! ispa diedmg dlagvamtfoothel convehtidnaORAM bere structure of
apparat us generally shown in FIG 4 through FIG 11.
G 1.pe appreci ated that the appar atus may vary as

[ocm; conf Fasir aid BnARg dayram f8eh dbhsetiordlfegativewordine
t the nethod may vary as to the specific steps and

seq8@ive. wi t hout departing fromthe basic concepts

ASfeﬂ;Ef% 3R b fiyRte A AR OMERIE St EC R g o

an enwmimemf ofahemmesansiﬁv@mh; shewn sisingca tateh tadth
suppress | eakage current. This differs fro
conGemplesnantasy frain gratgyratiomgnd gate control method

[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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type of source transistors which are utilized and the
nmechani snms of driving the 15 sense and restore |ines.

In the conventional DRAM core of FIG 1, a drain wth
PMOS source transistor npsrc is connected to a source

008505 S A4 865k e B o s B oy Sh ot

of OMNMPE presest intemtiorms1l 1 and sl 2. This form of

l.at ch-draj onbination is referred to herein
o053 ¢ wi F1F R 2bung diestam et tredrs dAver sosgyre of FIG. 10.

However , Indérrml_we@scﬂfewﬁher\%?sﬁ% INDERFIORDY: 2

drain conprising source transistor ZRSrc is
[0088hnect eBefQi ring mleapwrf icRNIO® theadraivings;, $or lllmlra‘tlvasm rposes the

(T aneerefvEBlien s p@BEgRedbid apBER LS UPReralY SRRt o 4
t r athsowdoFEG sUth tagill iesdppeciattddhatihe) apbarhius\hby vaﬁg, as to

apprec at ed that the source and drains are referred
HIhBnd asie sdefailspfithe pagspand that theaethod may vary as

' nvmhb C-ﬁ&estbé‘%] %Pld ?%ﬁwefﬁ@mlmﬁéwpmﬁgﬁﬂn%g basic concepts

utilized'in conj new cont
\/\hl@&dmb@edﬁwelrtrany stors self reverse-biased in

suppr essB

[0055Yi ng dFKﬂhﬂmu%ﬂétdsfw é%\’hb@l ofcé né\ﬁ\@eﬂgé%?npllf er structure to
anplifiers. The sensi ngi_bprocedure of the new

st r SHRRTEES Jeakageoaimante Thisdiffaes remicasweptionalstructures in the
Co“fégatd&%%}céﬁﬁﬁ&s?iﬁy Wrﬁdr?ére‘%ﬁﬁ‘i 4 a?iHQH@'rﬁeck%?ﬁﬁn@BF?nvmg the

pects o nventi on or creatin
r evaense andséstgrenliresd elpl tbe ednventional DRAMg:oreI ohgtGuM, a drain

Un WHGEMOS Sourie sRmsilor mpeiens hinedien 46 Sselkvagr PRIOS
opefrandiStors ips 15119l mpé$AERInES Qf?élgﬁafwlﬁdsaé&hce trﬁnmstor

conpri sing NMOStransi stors mmsl
goeRINBIGih CopmectasbtompoutsenfitYEXS transisiorsigms vl and mns1_2.

t urf‘h%%{rﬂ ;%J?étgh{hrgﬂ%$ﬁlbgﬁoﬁ M%f?r?é)d’ff ﬁgfﬁlr‘?gg 'aﬁ%ﬂ:'h with non-

Src W dro or exa
opec@hpl@nervtaw dggni s IV and threshol d voltage of the
P soufce transistor zpsrc i s - 5V (mnus 0.5Vv), .
looégfs of tHPWeys g dhisasre %@fdhe.pges;@t inventipn, acsirero\é)ompﬂsmg an
o+ O S, SRRy o ACR AORYT s b RS ransstos

st asuoh agmpsdr di ancgatps1v21 amga dnalntdumpmmla@ﬂersouece transistor

Vi = -LV- OV, =,-1V P t t
ot ZAe I gomRsted 10 & ol OF BMb S raneiare DR gt 7 and
VGmake pusthwiliied hgpreclAéd e thd s6Gitel shd/@aimdsredeferred to as

PMOS source transistor and this source transistor is

f ul bging wompledentanys this mspest ofitba invensioantihg latopsznd
Canc&ﬁpfe%}ﬁfaw &Fa‘in b §ﬁk\£edvm'c%ﬂu%%ﬂon %vuﬁln' ﬁéw %ﬂﬁ'gl |Jr\8chan|sms
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
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Vss without a Vt drop. [0058] After the N-latch sense
anplifiers conprising NMOS transistors msl 1 and
mmsl 2 are activated, the P-latch sense anplifiers
conprising PMOS transistors npsl_1 and npsl_2 are

al s j r |1, datg 2 in a

conu i iontBhBscrite SRbMeF xPerucihdsc eR amm Zoashs Aspects of

of tthe invertion fooreatingthe Pdumewsé@aé_ig@aﬁé dbpicted M'tfie timing

goesdi%’gﬁa?n%ogghed Svo‘{;t age, Vpp tlo avoid a Vt drop In

trans 1 1§94P JiSe Qe addiidnal sopragevatiage Wi where Viy < Vss. In

boosthidcase, bft@e the sh -

transj stor is 0.5V, %ég%pgrng?%p ﬁat%‘mmﬁﬁ%{%) fpables a

vaoga (F¥RPRSIRG NMOS transistors mnaY_7 ahY rnd V 2wHichGoes from

2V - 7 PJs Vpol2 in precharge state).

Thr evsoﬁ 8?%13‘7‘{?@ %Hga?}gvs%%%!t@ggd% %tur{?df'\ tg&eda'l'@t“ comprising PMOS

t hersslugeetransistorsapsrewitho s Vpdh. iForfdahipié i v;,?s 9V, operating
ou

d.a.full t f d to SAP 'wi't
3?06’.%_"["'565%]3(_9%{?&%%6@6 &g{gggg%; g‘qe F?lgﬂ@&selg&edansistor zpsrcis -
{ ramsb¥(misud 0.99)°0BE60MISLalRe (AMSIRUPRNESS: | RAKASS = 4 5y

significantly. In conventional core's uctires
as 3dthesspipeiof AMGS transistbt sghe \BZN sfgriahwhibhais Brecharged to Vpp/2

CONRYk ks | stors src and qmsrc is

or g Uiy DRcRBGS St e A& galdiataci Bsritansistor s Veo= -1v -
Si g s -1V {the JSMEBf RMOE 8ARsRE O] S,

respec ivl y, in precharge sfatiber.Ig'la}w/gata;gza%jgy%bl}.rhgéefore’ voltage
v ?| ts%"gf_is §§/ a5f Yer-ansnmuch smadler thm@géhs/esgbgivmlzmgmggawos
sta = ; = V-, :

Goos L eSO s SERIAChansoR i 1Y tyipg s, the

Dr algfPuyt potenttinb@éss)/Gare beVrans@ired OVSARSMARINEAS b8 distharged to
hi gl%é\#g Z'?d \gr(fli nis Vss). Therefore, voltages Vss

and PEt BoidPRe  val ues, for exanple voltage Vcs

0 VGD a N O i
[ 0bﬁeall ower ﬂﬂﬁ;ﬁ%%??emgnd drrglblnmeprgt% E’ﬁ"tp.r'%?{f @yq}%rﬂg"‘% #g%s

vt BsTpland musdi 2ase activasedethetRylatoh sense BMpEfiers comprising

h ) h L ani fi tl

a3 Gnsfoee FBSTSF <fHIRTE &5 At Beingted ge dostore cel data

znsag jn asohbehtisnal svise dnpliier. The Yétd RNGI BESAELSEAL drain
respectively. = Therefore

andCVGD.:. Oj}”-MbV:-l V, T ;

t he“RIVBBSIKS 3 PaHedrasistar &75raigops tearkapsted valtage Ver to

| eakiasig gL icant Ly, while

0 Stanaby! fope” (LN PRI ARIR P o TP S votage
of B pnddbatV: pﬁgmmsﬁammmtf:raasistdneﬁ 0% Vap (drain is power line,
con n t hogs of ,confrol])ing these source

tr a(r{lg‘%;{{fgﬁl‘sﬂg}‘iggt’@@ggﬂnq'go%ﬁo@% g 'ab{) ng\( and Vasita@V - 0.5V =

t he$.EVSBAR s Vha25h Prédta s multi ol e
bit I]j n(es as il ust ?)gt ed rlﬁﬁﬁ}:aﬁéd Eﬁfeﬁﬂo@ﬁi \éGDcéa@% §S exceed the

| unyRiEBaso ey theretasei thizuseurce transistords ifallycturmedibh aindtehfull Vi, can
SOWE fahbRRESOsAPWiR{EH: §7 aflp, 256 bit

[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 Vgs of the drains comprising source transistors
mpsrc and mnsrc is zero. However, in the new structure, the control signals,

-11-



line pairs with the source transistors shared by 2, 4,
8, and so forth. [0061] Device | eakage current can be
reduced utilizing the conplenentary 20 drain schene
to about one-tenth of original |eakage current for

revepsa £ay F bt 3 , SO | eakage current by :
t hi sggtew mée{l ?1%&%QSGQWPQ%EQ\&S%§GSWEY%¥SW Rrecharge state. The
or def3teg$oyrag voltade VsEivé thes PMOS fselurck , i
| eakpae- rr_e,yg anlé})e r?ﬂy@ed tso E) Z%ﬁ%m%rﬁ&harge state is
[ooeg]q’ FIEP 6 aYRP oty 2531 T 84 SAEB @ors dohigh, dviand SAN is

whi cpreshatgdd to 1/2veppabfai | de it Q
5 arsufanhelioe ode O ran-SatE AL 1 OV ' (z54EB goes
|

di ilt% @Eb oo 84 dkainds ss)y gﬂmr‘efme, @gtgggsa@?cgv@g@posm\,e
a I -0 {
i || ustl?gt ’esrggg'g'??gén‘{’) tedglﬁa\}/%% %?‘Wigﬁ a%a‘qr %W’?]f%'gl@a?@é (the gate

cur rRefentiarshould bevemer thaalsoureas® AR
afdd lgg%fizgl%?ékzb? @gbzg than V; of

‘E,‘gp ls':gg"lﬁ% Fr(?ﬁ%{s?%e}p'b ?@E@%élegu{*o%pmg dransister) asdreakage current is
and o n eeanany  nogeae s o RS Yyidy i ron oo, i
et AT o ottt o 2 i
| Omr‘?hsf)bf’f?gég éﬂ?ﬁlgﬁésgssqu?g%gﬁngg o@gr%ﬁ@yguqﬁqegm and leakage
pegeconfiguration

bi asedll methodXG e rtrolli 1. _a boosted
15 [0¥§ tagemi s 1.5V gﬁgll%ﬁ%gé]%gvdéﬁﬂ%ﬁ I%}érlst age Vcs of

PMOS I58hiewd berappseeiated that Yesesoliréa/trandibtors @a® Ye shared by

Thergf, Rl nsi.sgor,. i.s.reverse-biased b

0. SR b e 8 IR SR s TE0 e 1 cage & lmpsdsouro

and cosfiguration is wesviddd trfwhiNNEEet; ﬁ@uﬁ@w&aﬁﬁ;i&btﬂ@%r@r@& bl 256 bit
e sour ce

. 0. = - . Th f ,
R TRV T O e
[oes]t r ol 'Dﬁ\/‘%@leaﬁﬁg'? ggﬁéﬁﬁéﬁi B& ?é(?hc%%tﬁ%ingdﬂsrcggrggamentary

rever se- bi ased and age current can

20 si gRrainsgheme to abcamo:neetenttmﬂfgorign?meéala@@ﬁmt Ko eBerse Gys
can : | er ol,t age an ower voltage as
el PRRPOEBRPPY 5o [Rafel s ene By ghieTiaw methodaen be reduced by
mor at least s ordenel sinagnifiee: FHURBIGEERY alg%gélgéd RSardg8 current

bei ngragriven as described above may be c
|

accEFUPRJeddcedhto PRk ifiamm 24 h one or nore | atches
pl ed C enent a rains_being simlarly
[0 gr ':Iven. Eibl\éggb |cv$eamitér WE\?’H% canfigigiatian firwiich each bit line pair
5 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

10

2

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 low and high in standby mode

30

-12-
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[0964¢

[Oéhen tranS|t or rm2 I's turned on.

20 [0066] Anot her aspect of the invention is a
description of a new negative word |ine schene. It
will be appreciated that to naintain the DRAM cel |
data, the threshold voltage of the access transistor
( Mc{seb)FIGS z)uch hi gher than that of peripheral
transi stors. "However, when the threshold of the cell

ss t Hawever, @ccoding ththisiaspedt diitighpreseat Irﬂl@ﬁtld)ﬁ lines PSAE

fromthe 25 cell t
bit 'ﬁcﬁgéanoé & ?%‘g ﬁ%ﬁ A3 owar Neltegs than Ves, |sucgm§ Ve, and a higher
| ongmltagertaansxsoa&eah &8 vkpaﬁﬁhglfsgalﬁdﬁgl b OQQ iRt ¥oy FiG. 6.

and .test rln pratlon n was
depi LREETARY @gﬁ’:"ﬂpﬁoﬁﬂd QS sdlmedsansistors mperc and mnsre is

b h
| 252'?"’??%%‘?53%@?*? SilEiT stanolhide. 7 4 RESstsd Vattage is 1.5v

not angt Yeg ietV, ten\WMBEE Fs@f the MOB! Sourée trhhgéfdr% ‘%s 1.5V -

whi ch provid

0y $/ V\g d ljine driver schene
a nu er \L@?F foé‘ae@e RUee irapaister ig mvgr%%p@@edmyo 5v In
the staddoy mode ifaNiowerlybRaye & @59 bAEHAL i08Y, VIO the NMOS

transi st 0{3 m3 and M4

ef f QUre trapsistards OV o9 {55{9% Q)5Vp ulHerelfione, the MNMOS sowrce transistor
due \Fe ent VSS . \
[06 6% j?ev&r%é tgé’s?ﬁg V\g BU\E v Yn\;'ﬁjg{ﬁg éﬂﬁg%r%qth %ﬁ% transistors can be
negareveréevhjasledi and I%akaguecurgenggzaglt@ sé@pbprgﬁbﬁ @gﬁrr@)ﬁntl In active
ive bias |ev
T e S AR S ST ars et oot vt

str(Hsg\ngu It should be appreciated that signal PXis
boosted signal and W. is a decoded boosted

on- chi
[06}{5@]1 al P sheidd desrecogriged $hataariecohmgte latchds coupled & fon-

Vo CopIg ) GRS R eGPl e 355ie8Cubar abpyamaydbe combined
WL E aicsotding taeninteatiovwwith|dnecor(iMble latcHed dafiphsthl @&nplementary

acc to the ddress, PX goes to voltage Vss
?F%EE H&%S'P?J‘ada '¥&8- node A goes to VPP-Vrn,

e Wb \ehbage of transistor ml,
When transi stor rm2
&8} ur ned\noither aspent ofjthesinventiar isaydesdviptioniofeendw megative word

PX : ine P t | t Vop,

P Ve B, i O Shobi P b SBRAD B ct,
whi thresboldi \gihtagetdfahe ‘a@bé@gﬁah@@toﬁmnci hﬁ i3 %ucfhvﬁghbﬁthan that
tranferr W. wi thout a VWt

lin8 PE”P*&‘?féﬁﬁaﬂalé@m H?évemer g@'@%ﬂ Fhﬁ thmsrw@da offthe eelbaccess
V\L ﬂﬁﬁ§|s¥c9 2% ﬁ 'anr?tﬁ %Ité% |isely %8{786 t%/ Erggs{e(; c%ggge from the

E goes to v t age s
andC'Bli mwﬁ'lesblbhnerandlmargﬂ trecbibfie toTih@rbellV\bEB ISR tﬁﬁe is taken to

t 20. 3 and M4 t d
v SEREIE TS KRG Vi s 9 Shetiomd pamial Soluton was

o !
; ng(?/glggﬁte\g(tﬁ/ geééglﬁnt?g:lg Y BRCussédin’ thBhackGYduM & th8invention,

in which a word line level is set lower than voltage Vss when the cell is not
accessed.

V\,heBe Vr ')

[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

13-
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transistor m2 is turned on as W. goes to vol tage Vat.
[ 0069] Another feature of this aspect of the invention
is utilizing of the two-step control of the word Iine
level to elimnate a direct (short) path from VPP to

Vet . ; Thi i ' havi th t

coni MyeRG etle G OB Sl de g s imad Bné e of FIG. 8 to
coupinstedse: thecaffadiRe tire¥hbdld Vatbya @ pMiidowh #4SALBH abY to

an 0@- F‘%ﬁ% Vol tag_? _%ﬁpgr attor_ and has a certal n anpun

of cX§HsISedSPUree-Tebalkpatentia)(Vsa)- char ge from ot her

e i e e f—

and ?{G-%slﬂ $tandrbymodet limsdw/ealwtci_cBXstmvgta magatliqve bias level (Vay) to
Che BRIt cEl oo BEE rahS Starb v SKitngMe it stipiid becappreciated that
t he $l_gn@|rﬁ:’X @shan onkchip thicos®d didedl &indt WLas RA&Edd¥y baosted signal by
trangi st ors&%) st ckeﬁl, ul | -down transistors, suc% as
shom%_cfrﬁs?—‘l : %B 1% fgﬁ@nsittransz%grsr wn3tand mnkeare turned on and
L artiest M SaridPX (e voltae ¥okY Phe SERETE (o0 ngsﬁi%e line

Anot her_ aspect of the invention Invol'ves
a wo¥d5 isews Wheaithe weirg finé (A EBjo be@enablel stcording to the

' i.al ' db de, th
o 2B kR G0l to Vaftade Yo WHRIWIME S5 oybior and nodaA goes to
poveYrA-Byelvhete V1, ¢ tictieedhold 08i=]e ﬁt%ns}%oﬁﬁﬂv T 4%3n trdnsistor
|IIust??%EFR%%way of exanple a | ow power |eve

shi {78 oo WheRitransiste mndigywiraed shptits WL gass to voltage
exerI Rl oy Px isthdiy Bt Wgz.! \ﬂﬁ‘neﬁnﬁ{ggllg%(:ﬂgsessggﬁ/tg oge%s’che node

VB2 is inportant in a negative wor

i s atlayepls tmtﬁt_rapmﬂ th Vl@]taget \mhéwmﬁeg higHer!thén voltage Vep and
I nv | 11171 a -S ISschargin rocess.
SRR R v N b ok e G e fn i

pr efdisabaryed, ditfd BXMTGRBs!tO VORNGe ¥<SaRGW/] | '
hargegto Vss fig?g;t and ﬁeﬁgvﬁq'lv}étdg}rés?g \{ﬁsnsl"}ﬁeztge node A

dis
C haj%‘éel 73 YapmngWharnoVE2goes ta valiagel Vass theahede 4 1b5elRibes to Vss

dri ' : ' I 1 ssocj atfed tim ng.

i acre AR e MR e JUEEAGSSE 5 hpats Bandistors

t o vl agd miRPasntirhed @nRf S0

t hr h. tgr nsi gié(/rrml . nThé‘ﬁmIS?\% goesh?%ylﬁlv(ﬁ?(g%g\éa/%\f)el Vez. The
g%e*? gotsP

(or AP feyenior eugentipwving from n?)()?\?s_s) to Va2 since
t r amginSlstor ARb iﬁﬁf?ﬂla@to‘ﬁl s M@@?é;s oyiAeSyQr M2 i

turned on and the PX node I's charged td2vol tage VB2

[08881wi t hodnatieidfieatite of this mispéttayfithe inventioW R utiﬂ'ilﬂ% i)f the two-step

L e o S Rkl 8 s ar S g e et Vo o Ve

nuniréis sfactoniplished ychaWid ®dSsdp2Fate controls WLE and WLEB for
controlling the transistors coupled between Vpep to V.. 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
Va2, the faster operation to maintain the Va; level is needed and it results in
extra power consumption, especially within specific operating modes such as
the self-refresh mode.

-14-
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reduci ng power consunption which are particularly well
suited for use within 25 dynam c random access nenory
(DRAM devices. Crcuits and nethod are al so descri bed
for decreasing data access tinmes within DRAM devi ces.

100703 o7 | b AMRIRL HRPEE OEe Kvaion s HHF BN Hréshiid fvy

vol {ragsistRs Forodtasked pull-BowhitRisisteaPat¢H B8 she@Rih FEG. 8, than
teachi ngs of the present invention. 30 [0074] Nunerous

schaihtilizeddra thaotbes trapsigtass inegiward dingydrivay sgieme.

oG ont of oI EREEFE LEInclft) AIFEs Roftecliifg 4 pora e

t hedisahishs$iggal (WLEB tpresshra neégativet patential stdte imptandbg mode,
to ,nunerous circuits b ne of prdinar kill in the

ar t MATERJAGEGRE Aoyt ehee IUBg IR, Vazent i on.

[ 0045] Al bhovahet leoepssifiéi siHepie above cont ai ns many
details, these should not 5 be construed as limting

[0072d scopE!Gf 10 madifdGeddilbistiale byvarelaxample @ lawmpwer level
il ' .
e teE RS For PHRio bR AeGR0h, PAE bRblafiieq ahove,
appmésindziad dhaage tissipatiopdo Ms: isiengorest in ainegativé word line
obvPIREo TS Eeaemp Bt HSpIRar] S ASPRdl2Y U g venton
smpﬁnz@ﬁ%bhempét_@wnécﬁamgm torededsS B 66ittd Sighd) dritiér, $0ch as PX
limted by nothing other than the appended cl ai s,

whi grveikpeaiemblpcanfigused fehave A capabiibhigudiseharge ﬁég/ss first
i nt y ¥-1n " lirci

Lo SRR eh YRR Ak Ot IR 1 ¥y, EI0 G bt o
and AXdkverdnglementstioal savak BIG. d 1t dve assaniztet dindhg diegram. To

o Elrsbaras the ExcTiads, o7 Prai TR aResdpyvolipge 4z S dRg PX goes

inc t ' i ' IREN NS GoeLRORStage V,
BV e VS i Rigtpned, T g3 cichago Lo o

i s Mer) ard SN2 gopsito voliage Visz to turn offttransister mndeempletely. Since

or edanBRiorbRe s Ry B 4t B8 2X ol i dletBlrdel) forage vee
pr esgiout Lalwamted Bl &t Towing intd \abempattiming /g tnexd signals is

or method step in the present disclosure is intended
to Headibosesn & the 20 public regardl ess of whet her

thegel e onent, or nethod step is explicitly
recisgedww nms. No claimelenent hereinis to
[0073]const fMiedpresedeinvehtopdescriiesrs nomb8s of cigculls antbmethods for
si xth,paragraph, unless the.elenent .is express| I
¢ ecTeREING PRYE! ironSHmpln Whidhars Bprtictilarly Wl et fepuse 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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CLAI M5 What is clainmed is: 1. A dynam c nenory,
conprising: a plurality of storage cells with nultiple
cell states; a nmenory core having a bit line structure
coupled to said storage cells; a bit line sense

mpli f fi df d/
ey B e oo St oL ey T8 Bk b ol to
| eaptimersud aifditsVhyt sz oﬁéidihaﬁ?%ﬁﬁl iR bt AthdtR dep8rtingfrom the
a conplenentary sense or resfore drain transistor;

wheP@Esens IVeNEeRApl enentary drain transistor is

[Odﬁga' nedA\tgo@%ﬁ %&ﬂé@lptlghaa‘b%@e%%ﬁ{ain%%dﬁ%%&%e@ﬁgﬁ%e should not

eto current
conpeicenntjued aplliomitihg the scopst ofrthgénvazition ittas matdly praviding
cel | a nmenory, core havin ur e .
coullk Sl of SR B ot BBy bretefted ambndiGieht 8 S fvention
anplTHdrefore OibWilbDbé afpfetiateg that'tAe %ﬁoﬁ@@ﬁﬁh@?fﬂs@ht lnventlon fully
restoration of said plurality of storage ce :

| eagﬂc@ﬁéaﬁ%ﬁ%ﬂthﬁf eRipdimpatssuhich raaybesonae @ymsé@ th@se skilled
t
el T ELANCG BRSHR of G8 Sy iRldhbr iR Bthfinaly to be

t o bmiteddy natbingagbet thael the appendbe clzimssmi whichastezence to an
tr aPfefentd fag sialfaniS Bof Biandid Gin3ah fand ARG goe” dhless

act pyphdithgso Seited qsmmama? "‘bﬁ’é }ér fHore N Al §ftﬁbt$ﬂrélfarw fuhctonal
vol tage at or above VI ynam c menor

conpAiRlegts i Bﬁﬁ'&lﬂ&ﬂ}ﬁ of ther %hca@ed%@rub@d»mﬁerm emppdiment
cel { aﬁ?{a %Powh dﬁﬁﬁgéé{ 0?8Fo‘?n$}g\é'km9n éfh%’ 'af't ark¥x ?ééél?fn%?porated

coupl e 0 sal rage Ine s nse

anpheféirbyaefdregoe addfane imtendled to bg eneompassed by the present
restorati

of saldpl rality of st e cells; ,and  at
| eagla"aﬁe%ﬂ%r@enewtﬂﬁm BepEsSany iy 2oyl Oémeéﬁﬁg?%ada@ss each
a  GAHRVRREPISHINMSRILYAL & bé 8shetibythaiptesémnavéntion, for it to be
wherein said drain transistor is coupled to each bit

| i nenpampasaed bydhe presant slpimsn AUGHeENPEN Ner elsmantcasmponent,
mul bF H#e%h!% tstéd ihthe! ﬂ}eéerhtbﬁ'@cﬁgsure is intended to be dedicated to the

public regardless of whether the element, component, or method step is
explicitly recited in the claims. No claim element herein is to be construed
under the provisions of 35 U.S.C. 112, sixth paragraph, unless the element is

expressly recited using the phrase "means for."
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configuration. 4. A dynamc menory, conprising: a

plura?ity of storage cells with nultiple cell states; LLOYD WISE
a menmory core having a bit line structure coupled to

said storage cells; a bit line sense anplifier

configured for perform ngcgeApgsand/ or restoration of
said plurality of storage cells; at |east one |latch

Ll | ense anplifier coupled to a 17 LLOYD
mﬂggh&égﬁﬁpﬁﬁént aryngense or restore drain transistor;

nd a,nggative word |line driver having stacked
f;ul | -QASHMA0RIE MASTROBY, SORMYIENGt wo vol t age st ep contr ol
scherepluality efgtardge aellsovih modtiplel eilngiteg pl ural ity

of stoomegeoryelors haing abit linglserueBlde SLRI&Eto s%i&S{H}Bge cells;

cor e it liAg sandd 4m :lifi%rg f&x&ﬁ?&eﬂéﬁqog ﬁ‘pgﬁqlb | leﬁrgo %e%l%'f: ad/ ey

1250k AS 6Pdi& plufhlit b EIRTaRIP L e o
o B S e S 3 1

mejens Yanplifier coupled to a conplenentary sense
sgRsq exrastaredlraimtransistorst or; and a | evel converter
havi nghereir exitl cpaiplenicatddysdranfirhRsigtor ¢ f@gﬁeg% a reversed
BMMedsthte dlﬁ‘ﬁ% Eﬂaﬁﬁbyﬁodﬁo éﬁ%ﬁé&g@? C{I:IFI'CID ec in
claiml1, 2, 3, 4, ofr 5, erein sai atrc nd
2corrpl nt ary drain transjstor conprises an N-|atch

coupl’ gy TR PEORAN COBPTISNGD- | at ch coupl ed to an

N- dr & Rluralityfstorage cllsvwitbrmpubtiple eell stades;n cl ai m 6,

wher @imeswiry chrd badhgiasbit itk dctu@e dotipledrtdisRid8totdle cells;
sense lit G ber(sSApliRack s fighe B KL StediinrRURLEL RS, A1
r85tdfoh Gsaid gﬁlﬂaﬁf}te §ord Illls;((ja . 6. R menory -as

[ [ i.m o, erelh sa ] atch conprises a
oo - 2 Saborie el Raghin Sitaens ameliep cquipleadosa d
ng\?rl%fpﬁn%}‘rﬁ?li‘%ee%r restorpdraigdransister;ansi stor. 9. A .
menoMheagin saiql cemplementairyndgainthensistor sedidvén tebedstéd
coupbettagblevetsen a bit |ine pair and said P-drain is
andupl ed to a sense line (SAN). ﬁo. A nmenory as _remg;ad
in chajdifsa LB SR E e!\%tlscco GORE L& 1A LAl g
c&in ?e?h&?tép ﬁg}ﬁlg ?r ansg,%}ors éﬂang%\fgfto‘ﬁ-Vss, oarhactivating

J Tl nsistor with a voltage at or
said omﬁementary rain transistor with a voltage at or above Vpp.

3. A dynamic memory, comprising:

a plurality of storage cells with multiple cell states;

a memory core having a bit line structure coupled to said storage cells;

a bit line sense amplifier configured for performing sense and/ or
restoration of said plurality of storage cells; and

at least one latch within said sense amplifier coupled to a
complementary sense or restore drain transistor; _

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.

4. A dynamic memory, comprising;
a plurality of storage cells with multiple cell states;
a memory core having a bit line structure coupled to said storage cells;
a bit line sense amplifier configured for performing sense and/ or
restoration of said plurality of storage cells;
at least one latch within said sense amplifier coupled to a
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source transistor. 11. A nenory as recited in cl aim LLOYD WISE
10, wherein said P-latch is coupled between a bit

line pair and said N-drain is coupled to a restore

line (SAP). 12. A nenory as recited in claim®6,

mebmrﬁarydsdﬁsb@thr@i\stowd@ah er{aﬁsﬂs%rg(fmd or bOt h, Xaf e
I 1 gHEEAASWRERIIREIRR TG
tt(z«;)(gvélt%égég@p Wﬁﬁ 011& m)e?;?1 alsg 91% d}? ) cwaf1 Eﬁai‘ istors and a

tmefeast two latches are

onne ted Wi thin sal d sense anplifier, at |east one of
%’cm naé‘b‘&é‘l‘%of)b camjyigingment ary drain transistor.
14, @]ﬂhﬁ@hv efsstorgetcells witlchrailtiplk, cel, ste&es4 or 5,

wher ei mes@irg doiré hhi it £Bi $ie stiRblkiBl Uph et rage cells;
bet weehit Dink sbhatesmi nﬁ@r Pdnﬁf %ﬁl%? 858{‘@[&@5 nspd 3

L%E‘l%ﬁ'gt?onS saﬁa' udif %;&ge oF§ S ng. at Ieast one

ot o d5hhee %sﬁooe e araplftinsaouplal tonf | gur ed
OFrP! e%‘@ﬁ@rb(gsenéﬁ OF eesteneidrgin wangiston; msehsi ng and
r est érlewel, canverteo heagescuatersgiaths fOUeSindRfa aolta%e Va2

whichliehsws tlaryVes.ai n structure coupled to each sa
latch and configured for reverse-biasing while in

fier circuiit as, recited
it a”?ﬁ%‘ﬂé%’? et T SR b o et s laich and
rwram VaRsipAPT gempaises paNflaich sgupledetoaf Pidrein, or
aﬁq éovﬁlﬁééomlb{sbﬁm/sasb@mld VDD. 17. A sense

anplifier circuit as recited in claim15, wherein said
7two A fiehdry dodefed HPLIAS %l{é?él'h afd Ri-fatdy ﬁec%u\fﬁé({] td'a p-
d@alﬂy&@fﬂecseﬁgggl al: S[&N tand’ i% -l\%ﬁ se & a]‘,%dotqaé}lgh%@m on

["arm
tﬁéf dc’?%nan‘g@é nt ary drain structures conpri se
N-I atches coupled to a P- drain, or P-latches coupl ed

8t 0 al Memaryras regitesbirhclairg 6, ereemesaﬂirbll Hlatdtecorapriees 4 pa1r
oberasecotpled NMOSitranktoreheidbaldSaiishih@balifissesaehesy d

sconplteiBitesy drain structures conprise N-1atches
coupl ed to a P- drain on a first signal (SAN), or

n on a second signal
e s e e
bit H“@IP&HIWH@) salmi’edémn is apeplPddoai sense linp (SAN)g
a PMOS source transistor coupled to said first signal
105 canheguargds récited i@Clhivh BOwhefdh 8aOPAAGR cEsel Q pair
oPérobSeSipleBIMURr2RGERBE, R0 d\Ald REGraYR Zotlprises an NMOS

source transistor.

11. A memory as recited in claim 10, wherein said P-latch is coupled
between a bit line pair and said N-drain is coupled to a restore line (SAP).

12. A memory as recited in claim 6, 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, 2, 3, 4, or 5, wherein at least two
latches are connected within said sense amplifier, at least one of which is
coupled to a complementary drain transistor.

14. A memory as recited in claim 1, 2, 3, 4, or 5, wherein said bit line sense
amplifier is coupled between bit lines in a bit line pair for sharing the charge
of said storage cell.
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active node and voltage VDD standby node. 21. A sense

anplifier circuit as recited in claim19, wherein said LLOYD WISE
‘N-drain conprises an NMOS source transistor coupled

to said second signal which is configured for

receiving a gate voltage equal to or higher than the

Bper 3 kBke bhﬁgﬁc}@@t Cg %]){gl node and vol t age Vss

er circujt as recited
.Sf]agfjagy% “ev&@? %P@Qﬁ%ffw PR AW oL agdecontigured for
SEBFiNB gl Kataingiopboth sensingand resterisgothe wltagealof said
nadessdnst ors.  23. A sense anplifier circuit as recited

in cleaiomplementtaryedrais atrdctliraicoupRtrtdehbk 88iddh&h and

configheel! f0? reaeRe Hiin WHIRGS s@én@&ﬁ by multiple
circuit nodes. 24. A sense anplifier CI rcuit as

eC| t rther. conpri si a negative
1r6 'fgenlgg(fr afégr% Eﬁlﬂgassﬁeﬁgﬁébnﬁ]{? ovvn transi stors
and é’v h"t%‘% %%Btaé’bi TA) Sté‘éq’féfﬂals drdvan leyy ol Gelevels
opigsi ﬂoééli%\éobaﬁﬂ Iiamgérbetweerui\/tseaxi Wesited in claim 15,
further conprising: a level converter having current

1pat h9A sens¥senplilert Grcaiv4 dediéd M?Elai’iﬂ'l@h#h%rélﬁssﬁ d {VoggerUIt
n¥eles c&@lpré? zﬂpgf glft 1inEs W dﬁgn% Ode};nea%or I ‘iarg] glrgﬂ)ﬁm i ng

bet ween I rst and secon

ast two source transistors of a fIrSt transi stor
1?ype% plyffengircpifeas regited imelaimn dbcwhisetinseid katches

anflsgid @Qmp drndusntseiuiree nsmgrise dolgtth@gedupled to a P-

deainpoeRdatchey coltplied tofandNshan)ér bogfsi stor type,
N-type or P-type, betvveen sai d source transi stors of

§a| dA %@Q 1f?er SR 2 reliE c{ §la Sllg be atche
i n Sour.ce transis al Teé{‘éﬁ’é]sl foheg
a“§ Bfea%eéﬁafys fzaig SH&FW§S SerRray Nriptehescougded o a P-
raéa Eqirsr@}ﬁl (SAN), ax Pdathbes esipled ke eul N-drainairma 26;ond
S%Uﬁl%P)GGHbﬁtml ng coupling a non- conplenentary drain
to a second latch which is coupled between said first
2@nd 2eBEa Ele‘fi"&ﬁcﬁﬁ%‘;‘r@&% cléur??gsv@hg%lﬁgaido[; glxam
c&rh Plne £8M 154 %dcraans ls.rteCI § & ii S%L%frn i gnaflls configured
' PV R RS UL RS 6‘? YSH
f"cror ‘T‘%}P&ﬂgﬁ? Vdﬁ% e&flabt%q a(;g?é thar the opersting veltagad/ssin
agtiysguodg engletltagery norrtandley mo

21. A sense amplifier circuit as recited in claim 19, 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 Vssstandby mode.

22.  Asense amplifier circuit as recited in claim 15, wherein said drain
structures are configured as depletion mode transistors or leaky transistors.

23. A sense amplifier circuit as recited in claim 15, wherein said drain
structures are coupled to each circuit node or shared by multiple circuit
nodes.

24. A sense amplifier circuit as recited in claim 15, further comprising:

a negative word line driver having stacked pull-down transistors and a
two voltage step control scheme.
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29. A nethod as recited in claim26, wherein said

| atch conprises NMOS transistors, and said LLOYD WISE
conpl enmentary drain is a PMOS transistor. 30. A nethod

as recited in claim26, wherein said |atch conprises

PMOS transistors, and said conplenentary drain is an

BMOS A 5@l ath fifieszxgéligcﬁ‘f %?Iegfcgd S 5fa?’g‘rﬁ§:r P@rti&ﬁ:erraclc(ogﬂie)rising:
aclg%let{éévlﬁg? ngﬁ%l\& i) et galinig fS&?taﬁﬁoés{;%lF%gq Ypchichyis less
B NS between bit lines of a nemory circuit; N
connecting a non-conpl enentary drain from each said

Pat cHy mathddot bessing bo restseng sigdiatyRdtwean ais0hRd second
moidgnedmpeisingot h; and mai ntai ning gate voltages on said
non- ¢8aBliRERP Iy tWh 8biite r{smorss(;f%r}?gytrm%ggo%%%g%/%%type
OQfN-Ej@e OB A9RRh Hellvde 9 }ralgeréiang)ed LTI .
reverse gl s the resﬁ‘é(g?? dirgtanessecend no . li’eé{]gﬁelﬁﬁd/
dr i viCRBPRS AGSMpPlpmsadany; draitoba sraead teansistor §y e W-tepe or
Pelymsr betvrgn said pojinge transistersffisgich latth axid & sepdd dgrestore
signakiiamda dynami c nmenory device to drive menory word
sel egétafiihg dailddurt® trah13138dr8 bP 5aiaq§)ﬂ)%(h@§ Hgg géé@%ﬁ%g%{aged

j o [ ;
S%t%gaklg sﬁgﬁw?\%@&gtg gc%g{é%e %ﬁ??gﬁl d%%ért‘tr anlsi stors

oupled hetween said signal |ine and a voltage source
Ainosé BB 8s rescitedds clgipnlbydarthgocomprisinguiaupding a non-
coppleraentary erainto3gseshnd datnh sehidh 3§ gnadled boawekri sdiddirst
apdisdcomknody and cdnaedted th aRehse GOREIGEERGALO0 be
activated in tw steps to Vss first and then to a

ol t . . : ircuit .as recited i
240 - AdheliitePes RN SR, FHL ClthbriRel FRy G Sald]
upnSa et spid qpplaratenedit ahe raltees lvehauisde phtharange
betyrenayep pull -up transistor; wherein the gate of said
ap@Msage shifting transistor is coupled to a vol tage

source exceeding the supply voltage VDD. 35. Acircuit

295 1 ACib8ibd & RLALIR Eaitf1R) &ieran{dhlP Iaft&gg?r&&)irr)%% NIMOs

o REMRs AN bl BB B s F ad PSRt ePgnal 1 s
oupled to the gates of said stacked pull-down .

3(f-r andiBediod aszcited én elaimt26f whedeinsaitylatttecaraptised PMOS

trengjptairs, Axiduaid cemgplérmeniaoy drainl is ag NWIQS transistor.

31. 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 sense signal, a restore signal, or both; and

maintaining gate voltages on said non-complementary drains during
standby mode outside of the normal operating voltage range from Vssto Vpp
reverse bias the respective gates.

32.  Acircuit for driving the word lines within a dynamic memory device,
comprising:

a signal line configured for coupling within a dynamic memory device
to drive memory word selection;

a pull-up transistor coupled between said signal line and a control
signal PX; and
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VERHON Qb theycappol spgnal output line (P
between a hlgh voltage level Vppand two low voltage levels Vss and Vy,
wherein V< Vss;

wherein said means is configured to prevent a short circuit between
Vppand Vpy;

wherein said means of level conversion comprises:

a pair of parallel pull-down transistors coupled between said control
signal output line (PX);

wherein a first parallel pull-down transistor is coupled to a first voltage
Vss and receives a signal IN2 upon its gate;

wherein a second parallel pull-down transistor is coupled to a second
voltage Vg, wherein Vaais 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 Vp,.

37.  Accircuit as recited in claim 36 wherein said means of sequencing the
voltage IN1, IN2, and IN3 is configured for driving IN1 and IN2 to Vpp
causing control signal (PX) to drop to Vss and then setting IN3 to Vpp or Vpp
and IN2 to Vs;.
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