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- AMPLI FI ERS Background of the Invention This invention relates t%1PEﬁ§§m
'sensing in DRAM (dynam c random access nenory) sense anplifiers. %
particul ¥d Yooshtisss i nvention relates to inproving the pegRsSi:ReHEor mance of
DRAM devi ces. As a result of charge | eakage from DRAM nenory cells, sense
anplifier devices sense (or sanple) and restore electrical charge within
each of the nenory 20 cells of a given DRAM device. In order to sense and
restore the electrical charge of a nenory cell that is connected to a
particular digit line, a sense anplifier conpares the bias voltage on a
"reference"” digit line. wth the bias voltage on the digit |line connected
tois the nenory cell that is accessed (i.e., read). If alogic "1" is
stored in the accessed nenory cell capacitor, upon accessing the nmenory
cell, stored electrical charge fromthe capacitor is shared wth the digit
line. This slightly raises the voltage 20 on the nenory cell digit line
relative to the reference digit |ine bias voltage. The sense anplifier
detects this voltage change and applies a suitable voltage (e.g., Vcc) to
the menory cell digit line such that the nenory cell is recharged and
restored to a full level 25 of electrical charge. 2'6 FER7007 WO .

2004/ 021354 PCT/ US2003/ 026736 2 If a logic "0" is stored in the nenory cel
capaci tor, upon accessingLﬂgesﬁﬁgyﬁa IﬁRNﬁ@ﬁg@B%%ﬁ&ﬁJﬁ?EﬁgOred el ectrica
charge in the capacitor causes sone el ectrical charge present on the biased
digit line s to be shared with the nenory cell. This slightly reduces the
voltage on the nenory cell digit line relative to the biased reference
diqit i ne. The sense

Rackground of the Invention

This invention relates to bias sensing in
DRAM (dynamic random access memory) sense amplifiers.

's More particularly, this invention relates to improving
the refresh performance of DRRM devices. -

_ As a result of charge leakage from DRAM
memoxry cells, senée amplifier devices sense (or sémple)
and restore electrical charge within each of the memory

10 cells of a given DRAM device. 1In order to sense and
restore the electrical charge of a memory cell that is
connected to a particular digit line, a sense ampiifier
compares-the bias voltage on a "reference" digit line

( with the bias voltage on the digit line connected to

15 the memory cell that is accessed (i.e., read).

If a logic "1" is stored in the accessed
memory cell capacitor, upon accessing the memory cell,
stored electrical charge from the capacitor is shared
with the digit line. This slightly raises the voltage

20 on the memory cell digit line relative to the reference
digit line bias voltage. The sense amplifier detects
this voltage change and applies a suitable voltage
(e.g., Vcc) to the memory cell digit line such that the
memory cell is recharged and restored to a full level

2s of electrical charge.



anplifier detects this voltage change and applies a ground (G\ND) signal to
the menory cell digit line so 1o that the accessed nenory cell is tﬂgﬁﬁ@ .
di scharged (i.e., logic "0"). The refresh tine or interval betweg@ Whg

(i.e., needbn@pisnd restoring the electrical charge whchiusBaRYecells is
limted to the bias voltage is |level applied to the reference digit |ines.
For exanple, a DRAM nenory cell holding an electrical charge
representative of a logic "1," is sensed after a finite time interval
(refresh tinme). The sense anplifier then fdetermnes that a logic "1" is
stored in 20 the nenory cell and restores 1ts electrical charge to fuII

val ue. However, if this rlef‘reg]%q%tﬁratolnoqs tES}%d Egnghﬁt@% ; ' char ge

stored within this menor y de ra too muc s occurs t he
sense anplifi ercama@rthSquqmta@rqa%éslgt Iﬁ&lte aemogiyccedl 25 Hes adiserezk i n t he

memory cell . TYE.sddr &carf,aaqstc@ira%gfeh%nn%mrxagsbllédle@aus%as charge to

its full wvalue | ogl C her éf or e a nmenory cell storing a

logic "1," th&qwrg r%-kerptﬁwmar@@cweﬁ@%r on; iBey bimspd sH9i%o kire sensed”
menory cell di gid B nénareapssitgl Rld hemogherenge drmllts Igm&gmﬂl@s vol t age.

O herwi se, the deV|ce rroneously detects gi_c. .To avoid this,
the interval %@?ﬁ“f é?ffees‘f? qarﬂ?s %g:%enge{ng&‘%g&ﬁ A18% reduci ng
the interval be:tevwweeftrceaihé&ﬁtaisms,retfreerqmwem@uasapmeon THd Hendde DRAM
devi ce undesirably. increases. Thi.s bec S _pr Si_V 2'.B FEB 2007
722-12- 2004 usﬁ%%ﬁ%%&%%%@%%&?‘%% 2‘1'"\?]‘ RIZEE Phni i ven
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(i.e., logic "o0O").

The refresh time or interval between sensing
(i.e., reading) and restoring the electrical charge
within memory cells is limited to the bias voltage
15 level applied to the reference digit lines. For
example, a DRAM memory cell holding an electrical
charge representative of a logic "1," is sensed after a
finite time interval (refresh time). The sense
amplifier then determines that a logic "1" is stored in
20 the memory cell and restores its electrical charge to
full value. However, if this refresh duration is too
long, the electrical charge stored within this memory
( cell will degrade too much. When this occurs, the
sense amplifier erroneously determines that a logic *o"
25 1is stored in the memory cell. Thus, it does not
restore the memory cell electrical charge to its full
value (i.e., logic "1").
Therefore, for a memory cell storing a logic
#1," the refresh time must occur before the voltage on
30 the sensed memory cell digit line drops below the
reference digit line bias voltage. Otherwise, the DRAM
device erroneously detects a logic "0." To avoid this,
the interval between refresh times must be reduced.
However, by reducing the interval between refresh
35 times, the power dissipation within the DRAM device

undesirably increases. This becomes progressively
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as their physical dinensions decrease. By reducing the reference digit line

bias voltage, the tinme interval between the refresh operation (re§reghon
r.t-l—n%) increaees——as—ﬂ—kegui—(—eﬁ—s—provhdbmreased—m-gwmrﬂ—

el ectrical char ge degradation in the nenory cell. However, sone known
npprP300devi ces,' such as disclosed in Lee et al. U nt NB03267361, 268,
drive tpewstmcmgmm both the refer@rrdeantliisensed N~ | i nes
to a hi ghgsn Peehsologyalnc- 10 1t is al so known that by |ncI menory
cell's oQui Ref.: m1§13tP¢Tnes of DRAM menory devices, the gy @?thpr any
particular reference digit line can be _reduced to |nprove the refresh

perf'ormance. By reducing this bias vdél ?age (threshold level), the
probability of "1 et ection_increases_(ingreasin reIi hility),
and "t her ef oPESP 1?'%9"'* “e4ei bé’b‘ﬁ]t“?ﬁ?@%?%w ﬁ@FFE@% %é CPRT Eses.
However, thesitidirsiphysdtativdinensdbhs degxehisei. enBYyremEangabhe cation area,

whi ch i s pagéféﬂﬂé mlgaeem@tﬂﬁsl 001&@3“ 8k Eﬂﬁet{ﬁ%ﬂaQ“ﬁé%é{m| I er
DRAM array devi ce

ncrea rrenor apaci . For exa Etc et
N 2 bl Sofretp Dperabion Garresh tams) IBEErAads maamrpouEt |4E
vi ew ofs t heptoviding@gn ihcreadead mardisi fcable&et:brimbwhi&glerrpr oved ref resh
performance %Md@qﬁrt‘hgeﬂéﬁ cgylvar ge hes&ggqé}g Tlt ,_?as vol t age
|

used in the sensin 25 oger ati1.on I nvent I-of an obj ect

of this i nv@ﬂﬂ"o?ﬁ't FUShodE gl sG1gse gﬂ ﬁ‘%? reésﬁ per%T mate8ti n DRAM menory
devi ces by 86. va,rm:ngstshedrhvem sfodtadre am bokhatke Lnﬁénencbhmdsenm ng

oper ati on. i t AM, kepiyGgi s provided that
,sl 0 of egqfé&?e Plai haidig '].'ﬁﬁ@%‘ ﬁcP'& hﬁgﬂ@ Mstead

has a plura nes ~and ural 1t sense anpllflers wher e
egch sthse anplifier Fes18od %d“PB’nBB 3h bé’dﬁ&&éﬁ?- B3 U BEBPYY | i nes. Each
a j acent patcelbd ah dilte dhgi:taslmacs odieBRAN memoxpddeetoew], dihgi biks nes. The
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reduced to improve the refresh performance. By reducing this
bias voltage (threshold level), the probability of logic “1°®

15 detection increases (increasing reliability), and therefore,
the required time between refresh operations increases.
' However, the inclusion of dummy cells inefficiently
uses fabrication area, which is particularly undesirable in .
light of the trend towards smaller DRAM array devices with
20 increased memory capacity. For example, EBto et al. U.S.
Patent No. 6,169,701 discloses the use of such dummy cells.
' In view of the foregoing, it would be desirable to
provide improved refresh performance in DRAM memory devices
( by varying the threshold or bias voltage used in the sensing
25 opération.

Summary of the Invention
It is an object of this invention to provide
improved refresh performance in DRAM memory devices by
30 varying the threshold or bias ﬁoltage used in the sensing
operation.

) In accordance with the invention, a DRAM device is
provided that has a plurality of digit lines and a plurality
of sense amplifiers, where each sense amplifier is coupled to

35 an adjacent pair of digit lines. Each adjacent pair of digit
lines includes first and second digit lines. The DRAM

AMENDED SHEET



4 - device also includes a first voltage coupling/decoupling device having
an output coupled to the first digit line and a second coupllng/p@¢ggqmﬂng
devi ce having an output coupled to the second digit 5 line- The first
vol t age e@iphbiogssievi ce capacitively couples a voltag@CoMSBR®TI6é rst digit
line and the second voltage coupling device capacitively decouples a
second voltage fromthe second digit line, wherein the first digit lineis
an "active" digit Iine and the 10 second-digrt line is a "reference" digit
line. This enbodinent preferably operates as follows in accordance with
the invention: devékechdiscalinchidesval fapet iwolmyd ed to the first and

second digit |} Bﬁglhﬁhz%%ﬁ hif a&@@l%tﬂé 16(\?\9 ﬂg%(ﬁd’gﬁ?eclclu 1%% s gccessed .

such that el ectFrc arl occurs menor and t he
first digit |inthe fémsta ﬂﬁgtalﬁnﬁsﬁnélg|$e¢¢¢ﬁaQQ%EQ%RE QﬁﬁPUBﬁ%QS t he

menory cell is agfe%%e‘ﬂav\m tﬁﬁeohépﬁépé‘&hﬁ»lé@&’o ec s &l faymet he second

digit line, causing a uction_1n bias vo|ltage. The DRAM sense anplifier:
is then firéd ﬂhBGPdth€ofﬂ§§PoV€1Fﬁ€eeF%EP}}%%Jd?ﬁ%ﬁ%ﬁ???ﬁ°%Qﬁ¥ﬁi@ﬁory cel

to its designat e%Rghersga vahuagél efte thd"forst a@idit Ol ne Anrsdaaind
enbodi nent of a M _dev s.accordance with the i E%e tion_has first

and second d|g?FCPPﬂegoagﬁﬁgtCSHBIéggoﬂﬁvf?%n%?%ﬂ?ﬂEﬁv SCOURISS i @r s,
and first and SeéebddvmbuaggecﬁmpmlngédseoumdldggﬂEVIrms wWiherdin sthand

seconq digit Ihnﬁévg |rséﬁ ggnggc;%ggivghea{éfﬁﬁlfﬂg a&g) econd

transi stors eac _secon ernn he 'Second ern1na| of
the first tnanssstond doggteilng theal 'nefeveneet idigdt limefirst digit

line, and the second ter QQ'eHEoPQﬁeﬁ@CBPQféf b SéQEraOLPhES to the line
connection of the second g|t 35 line BFEB20
follows in accordance with the 1nventlon an electrical

bias voltage is applied to the first and second digit
lines. Electrical-charge within the memory cell is

15 accessed such that electrical-charge sharing occurs
between the memory cell and the first digit line,
generating a first digit line bias voltage. After the
memory cell is accessed, voltage is capacitively
decoupled from the second digit line, causing a

20 reduction in bias voltage. The DRAM sense amplifier is
then fired in order to restore the electrical charge in
the memory cell to its designated charge value {(logic
"1" or logic "0O").

( A second embodiment of a DRAM device in

25 accordance with the invention has first and second
digit lines, first and second transistors, sense
amplifiers, and first and second voltage
coupling/decoupling devices. The first and second
digit lines have a line connection. The first and

30 second transistors each have a first and second
terminal. The second terminal of the first transistor
couples to the line connection of the first digit line,
and the second terminal of the second transistor
couples to the line connection of the second digit

35 line.



WD 2003/ 021354 PCT/ U52003/ 026736 - 5 Each sense anplifier has a first and
second sensing connection, wherein the first sensing connection}gqgpig to
the first termnal of the first transistor, and the second sensing
connect i aRoaeuphes+s to the first termnal of the secoMCTVYEMS02636. Each

of the first and second voltage coupling/decoupling devices has an output,
wherein the first coupling/decoupling device output couples to the first
sensing connection and to the first term-na -of the io first transistor, and
t he second coupling/decoupling device output couples to the second sensing

connection and to the firgdcH esremiisaahmpﬁifhersnagnd finssi shdrseddha second
enbodi nent preferably operate cordance with the invention:

llows [h a
a voltage is is® P%dc?QP%€§%°FVrgge5ﬁanség8n 1P yi TEPPHRE.
El ectrical - charg@ommébtfbﬁPnbupm@sryocehb fsratcessmilnatuch thatfietsttri cal

charge sharin . b ween d I ne,
gene?atlng a gfl? %€§ 1|n§fE$§sngP?§gggh%f?§ %ﬂgeggééé 95%** 5 S
accessed, thesf|tetthsofzms&ntanmangﬂspérths §ﬂppnﬂedra@nnsborhatE@hb first
sensing connectign CRUPE LS oalﬁ] ethasontggte Ebesalﬁgsidreegu pesRRd

i solation transistor s SWtc hat "t he second’ sensihg connection
couples to the séevheedkas qq|9§tPPﬁe WPP§F1&n&h§eébﬁ8t25 i sol ati on

transistors are ¢5ep1 $ig} @é&hp@ﬁlﬁgsaebheb blaeputi Estipaad &ecené §£9§tn9
connections are electricall 'SOlatﬁdtg ggé Eé first and nd. di g
e

lines. Fol | owi iyRHENT sHPRHGSHOF ap ApEtt FEF™Lpa n@ tFBﬁs from t he
digit lines,i@ skiosd vohhsigdrs 3ndcapacsébmaﬂycdapmmng¢detbﬁplihg second

api( fier 15 tnSlETT e Gaibas® 88, She BReorl skprild coRAPEEPH (ho
menory cell to iamddesigmatidstctergdnadl o @h@gﬁecbnﬂ @rahegstora") 2'B
FEB 2007 ' ' This second embodiment preferably operates as
follows in accordance with the invention: a voltage is
15 applied to the first and second digit lines.
Electrical-charge within the memory cell is accessed
such that electrical charge sharing occurs between the
memory cell and the first digit line, generating a
first digit line bias voltage. After the memory cell
20 1is accessed, the first isolation transistor is switched
ON so that the first sensing connection couples to the
first digit line, and the second isolation transistor
is switched ON so that the second sensing connection
( couples to the second digit line. The first and second
25 isolation transistors are then switched OFF so that the
first and second sensing connections are electrically
isolated from the first and second digit lines.
Following the isolation of the sense amplifier
connections from the digit lines, a second voltage is
30 capacitively decoupled from the second sense amplifier
connection, thus reducing its bias voltage. The DRAM
sense amplifier is then fired in order to restore the
electrical charge in the memory cell to its designated

charge value (logic "1" or logic "0").



WD 2004/ 021354 PCT/ US2003/ 026736 6 - Brief Description of the Drawi ngs The
above and other objects and advantages of the invention will be AByFReNl7 -
upon consideration of the followi ng detailed description, taken in s ‘
conj unct ipayosissishe acconpanyi ng drawi ngs, in which PpchaseBseence
characters refer to like parts throughout, and in which: FIG 1 is a
circuit diagramof a first enbodinent of a DRAM nenory circuit according to
the to invention, FIG 2 is an electricqjéiqpresentation of a first

enbodi ment of a coupling network according to the invention; FIG 3 is a

circuit diagram_of, econd _i.s _enmbedigen . M nmenory circuit according
to the inventics esgraption o) LHE b 8&1% Qséntation of a second

enbodi nent of a coupling rmAewabovacevddheroobfketsnandt advan2@gelsGefs is a.
timng diagramiJdyu ' [i40 L83 nY0 e L eadihhg ¢t 0 the
refresh operat iéglrt\3 yvge%ﬁl \‘rr'taé“r%[}r.iégsék‘?ge‘%a%\(;'lil_1 ?’gr éggl%cl)?.i%%g ?o gtfhe
invention; FIG the fol kqwiingg deitagrlaem Aesg¢sipsirhg takegppin ed si gnal

vol tages for oy andbIaeuP!iHad ackepadsdnt’ ahditys, | iiResrdwh ng the
sensing of a nmenory cell according to the invention; and FIG 7 is a block
di agram of a syskidi@ meferenceoCRMACEETEhECLRFRPi dhke3Ramdsai | ed
Description of thgd d,0nnEgd pueehi:on provi des DRAM sense anplifi-er
devices with inproved bias _sensing. These s i fiers.include

nse __anpl
addi tional devices for ei tH& lcdFadi CAF&ey td8daaprmMeE & &L rom
"reference" di gidmbaslimenss ofc ap DRAM wmempryorilricagtvaktayasimnte taet i ve"

10 invention;

( FIG. 2 is an electrical representation of a
first embodiment of a coupling network according to the
invention;

FIG. 3 is a circuit diagram of a second

15 embodiment of a DRAM memory circuit according to the
invention;

FIG. 4 is an electrical representation of a
second embodiment of a coupling network according to
the invention;

20 FIG. 5 is a timing diagram illustrating
various signal voltages corresponding to the refresh
operation of a DRAM memory sense amplifier according to
‘the invention;

{ FIG. 6 is a timing diagram illustrating

25 applied signal voltages for coupling and decoupling
voltages from digit lines during the sensing of a
memory cell according to the invention; and

FIG. 7 is a block diagram of a system that
incorporates the invention.

30 Detailed Description of the Invention
The invention provides DRAM sense amplifier
devices with improved bias sensing. These sense
amplifiers include additional devices for either
capacitively decoupling voltages from "reference" digit

35 lines, capacitively coupling voltages onto "active"



2'8 FEB 2007 22-12-2004 US0326736 t. 7 digit lines, or both. Note that a
digit line attached to an accessed nenory cell is designated as pETEBZMWe
"active" digit line. Adigit Iine adjacent to the "active" drgrt—Ttine and
sharing the sane sense s anplifier is designated as the "reference” digit

| 22182-2004her ef ore, "active" and "reference" digit lines dynanid803236736
change-based on which of. the two digit' |Iines is coupled to an accessed
menory cell. By decoupling voltage froma reference digit line, or by 10
coupling voltage onto an active digit line, or by both coupling and
decoupling voltage onto and fromthese digit lines, bias (threshold)

vol t'age sensing by the sense anplifiérd i's inproved. FIG 1 shows a DRAM
sense anplifie

d
Le 4,5 Gl.rcuit Wi t hi DRAM atray,. wherein sepse
anpl’i fier 100 P90 élcet%édof(j)‘g%-lfo'ai og?a% tac?eﬁ%ggﬁygﬂnﬁ iaﬁggciﬁ , 104
through a pairtofan ssicessed menemsicsldr ts dppioneted Suhseiagpkhei er 100 is
coupled to di ga¢rdveare digdet Mghal a0haE i Bhel hAGSESAOLoL@Reand 20 coupl ed
to digit line }Oa:Ihro at rapsi stor- 106. 1solation transistor

. LS i :
108 has. ter m niperigua Hasborid s sheflid I8’ 9888 aciRcts to digit i1 ne
104, and tser mi amplifi®sr deugesignatedenscthanyeiferenca0aligitoldpeon transi stor
106 has 25 terfhd@diork)7aacdfdn aMacnhekbfetdidannghgdd Mdynnects to second
digit line 102, and tirign I 105%%%u Ie‘g]?éq(}b ?ense anpl i fi,er 100. Both
i sol ation t r anSYRIN2 1156 Apea Resgron, Pref®ytwP fdigit- | evel gate
driver 110 thalis sismglouphed s rrappkeesed wiemabyecelklve Byol t ages to
respective ter e ibb2volddgdfsdciohath flrdncanaigl O Find)6 o2y, 108. The
drive voltages switch thﬁ |solq§|on tr nsi sfors- 06, 108 ON.of. OFF to
cont r ol t e coupling voltage onto an active digi iné, or by both

coupling and decoupling voltage onto and frowm these

digit lines, bias' (threshold) voltage sensing by the

sense amplifiers is improved.

FIG. 1 shows a DRAM sense amplifier
15 circuit 100 within a DRAM array, wherein sense
amplifier 100 is connected to a pair of adjacent digit
lines 102, 104 through a pair of isolation _
transistors 106, 108. Sense amplifier 100 is coupled
to digit line 104 through isolation transistor 108 and
20 coupled to digit line 102 through isolation
transistor 106. Isolation transistor 108 has
terminals 10%9a, 109b, wherein terminal 109b connects to
digit line 104, and terminal 109a couples to sense
( ‘amplifier 100. Isolation transistor 106 has
\ 25 terminals 107a, 107b, wherein terminal 107b connects to
second digit line 102, and terminal 1067a couples to
sense amplifier 100. .
Both isolation transistors 106 and 108 are
controlled by a multi-level gate driver 110 that
30 simultaneously applies suitable drive voltages to
respective terminals 112, 114 of isolation
transistors 106 and 108. The drive voltages switch the
isolation transistors 106, 108 ON or OFF to control the
electrical isolation between digit lines 102, 104 and
35 sense amplifier 100. A plurality of memory cells such
as memory cells 116 and 150 are connected respectively

AMENDED SHEET



el ectrical isolation between digit lines 102, 104 and 35 sense anplifier

100. A plurality of nmenory cells such as nenory cells 116 and 152@§¥%imﬂ
connected respectively AMENDED SHEET 2 -8 FE B- 2087 WD 2004/ 02

PCT/ US20823.006/63658 to digit lines 104 and 102. For cI[PEATYS2003926736 menory
cells 116 and 150 are shown in FIG 1. Menory cell 116 includes a transistor
118 and a capacitor 120, wherein the gate of transistor 118 s connects to a
wordline 122 (W) within the DRAM array. _Term nal 124 of transistor 118
connects to one end of capacitor 120, wherein the other end of capacitor

120 is grounded._ The term of "transi 11 0 to
digit line 104, Ct:a? Cir:lo%’lceg %eﬁenﬂ)&ngnrdgt%%\?dl t'tggg %g%?}eﬁg/ %gégugﬁﬁﬁtﬁ%, devi ce
130 is al so connexktlel 116 ding (130 meelGhownvamt §3€-cdupl i ng devi ce 130

includes a coupling/ decoupid g+ aRAGH hals 13t 1ad s2aSteBak idkbyeh 1gdapce
132. Capacitor 134 connects to ‘the output of 1is signal driver 132 at node

a
136 and connect S teRRRGHEOT 3R 1 (Wheneifpddel gatenode t 138 S stoRe 186t put  of :
vol tage coupl § ngsiasantnd i g a8 ihi0.128 seeonedivaihagaeC omam agidgcoupl i ng

device 140 is connecjed to digit line 102. Voltage coupling device 140
% 88 s eéﬁp&cﬁ tor 144

2
i ncl udes capaci t¥FTRMRL R4 SedFRAPSIStTal 1 icPlRegES;

connects to thecapiPitonf120 gntlerdtyiny ahel 42 hatr eadeof4capaditegnneq s- to
digit line 102 ai_ node 148 e 1 i.s, the a tgg% SE.%%

coupl i ng/ decouplli%gg]aoe‘w eed'14 1S5S eer{sétegr?ﬁlq | eF “devi cea&’%‘g%itﬁfl ddds an
N-sense and a P-comsctspid fdigit THaeP-19dansatamoidef 188. incl udes a
cecond PMDS 17 ansistor 160 e N Sonagen Sz Ak R IHE Poes 30
coupl ed NMOS tr #deMitorliifi¥s mahFaraated godigit line 104.
Voltage coupling device 130 includes a
coupling/decoupling capacitor 134 and a signal driver
device 132. Capacitor 134 connects to the output of
15 signal driver 132 at node 136 and connects to digit
line 104 at node 138. Node 138 is the output of
voltage coupling/decoupling device 130.
A second voltage coupling/decoupling
device 140 is connected to digit line 102. Voltage
20 coupling device 140 includes capacitor 144 and a second
signal driver device 142. Capacitor 144 connects to
the output of signal driver 142 at node 146 and
connects to digit line 102 at node 148. Node 148 is
( the output of voltage coupling/decoupling device 140.
25 Sense amplifier device 100 includes an
N-sense and a P-sense amplifier. The P-sense amplifier
includes a cross-coupled PMOS tramsistor pair having a
first PMOS transistor 158 and a second PMOS
transistor 160. The N-sense amplifier includes a cross
30 coupled NMOS transistor pair having a first NMOS
transistor 162 and a second NMOS transistor 164. The
first PMOS transistor 158 and the first NMOS
transistor 162 share a common connection 178 that
couples to digit line 102 through node B and isolation
35 transistor 106. Second PMOS transistor 160 and second
NMOS transistor 164 share a common sensing



transi stor 162 and a second NMOS transistor 164. The first PMOS transistor
158 and the first NMOS transistor 162 share a compn connecti on ztlgﬁEquy
coupl'es to digit line 102 through node B and isolation 35 transistor 10
Second PNEBbdsasssat or 160 and second NMOS transi stor PEHUSIeNm6a6ConmDn
sensi ng 2' BFEB2007 WO 2004/ 021354 PCT/ US2003/ 026736 9 connection 180 that
couples to digit line 104 through node A and isolation transistor 108. A
common node connection 166 between NMOS transistor pair 162, 164 is
normal Iy biased at Vcc/2 (half the supply rail). The s N-sense anplifier is

"fired" or activabBfleBYi6ANDEST LML OUPTRR nadalgeanﬁhleoaow@ht@ugwund via
turned ON transistor 168. This effectlvelétﬁFlls t he_common no gs
|

connection 166 fREAR\VRCADA: HSGIRLARE (AR | &PBy, & COMWOR RS

connection 170 ¢6nhetween POESHétwaiesi NMOS taiahsi&BorlH@iirs 18Qr makly ishi ased
at about OV (groun

connecting comoh® ﬁ%ﬂéchBﬁﬁﬁﬁ |%%q%g%i (%9&5 F§8L§?§8i5i|f |5V?%$ﬁé

transi stor 172. Nhisensé&f empl vE£igr pid |"S itrted "comuactivdeéed dycaeonaetitdmd rom
OV Lo vec. DUl NgohiltnS BRBL NEoRNEL VIR Hee e LBERARRO L RalhelEN sense and

P-sense anplifiers are red ~sequenti a ense -anp
"fired" first, foahshetobyléde F$k&§n§£ﬁﬁﬂmlwﬁﬁ§rPUZOSNGm@ chamofionode

il lustration purp9sRscPRLY: Gguf&g Iv 21Q% desi geayed the "reference”
digit line 102 and ngIEt Illne ¥ esi gnlg?gd thg "active" digit line.

Vol t age coupl i ng/ decoupl i nﬁl'ﬂbW‘éJeY 14?0 C‘H&%’uﬂ%’@ S£opBeditagd 70or fraction)

of voltage fg{ompBstiben” psésr@ﬂ&eslsmcgd alllrnelstZ 160 fiedueamiaheybi as
voltage on this |ine

d
(Opt(l onal | y) coﬁ%%sﬁdpéLc%ﬁg‘éégg n i '?Iug )h ?ﬁﬁ%@"@ﬂf%ﬂ%ﬁe J“sact i ve"

digit line 104 rfired" or actlvated by connecting common node
connection 170 to Vcc (supply rail) via turned ON
transistor 172. This effectively pulls the common node

15 connection from 0V to Vcc.

During the sensing and restoring operation,
both the N-sense and P-sense amplifiers are fired
sequentially, with the N-sense amplifier "fired" first,
followed by the P-sense amplifier.

20 Note that for illustration purposes only,
digit line 102 is designated the "reference" digit
line 102 and digit line 104 is designated the "active"
digit line. Voltage coupling/decoupling device 140

( decouples a percentage (or fraction) of voltage from

25 the "reference™ digit line 102 to reduce the bias
voltage on this line. Voltage coupling/decoupling
device 130 may (optionally) couple a percentage (or
fraction) of voltage onto the "active™ digit line 104
to increase the bias voltage on this line.

30 Thus, an increase in the voltage difference
between *reference" digit line 102 and "active® digit
line 104 can be accomplished by either decoupling
voltage from "reference® digit line 102, coupling
voltage to "active" digit line 104, or both decoupling

35 voltage from "reference® digit line 102 and coupling
voltage onto "active® digit line 104. The voltage



to increase the bias voltage on this line. 30 Thus, an increase in the

vol tage difference between "reference" digit line 102 and "acti \Zegl: | Bt

| ine 104 can be acconplished by either decoupling voltage from "reference"
digit |iyeqdRaz15eupling voltage to "active" digit |ip€a/U2493/08673b0t h
decoupling 3s voltage from"reference,, digit line 102 and coupling voltage
onto "active" digit line 104. The voltage 2'8 FEB 2007 WD 2004/021354

PCT/ US2003/ 026736 10 coupling or decoupl ijag -function of voltage

coupl i ng/ decoupl i ng devi ces 130, 140 depends on whether their corresponding

digit |ines arechas) gnat of dschBiNthg Fhrcaldn/8F dodicdel ne or a " ref erence”
digit line. s FI 2 shows an electrical representatjion of the voltage

coupl i ng/ decoupFPRB1#Rg/decHPHRY deVIGRS,iIFP 1340 AePARAS Ofh&RGERET | i ne
capaci tance 204¢hg;irdesptespdyaizt didithea ialed isrecldetligmaldd depedsant ed as
a capacitor having a first_connection to digit |ine 20§ i.0 and a second
connection to gPBUNBCEIRR” ATt 13 IR Vafhc ENCE S €at ed
conponent sugh as coupl i Fge dex shdws Gare aglaaitidricall Gegdre sentart ion il ng
parasitic effect.and is_theref n i necl.uded in .t he [ i t, di agram of
FIG 1. is Coupf:Pﬁgyagﬁ%%l?%?%%b%@é?coﬁm%qﬂgf%ﬁc% stOfC;;\I?]’selcond
connection terni(detric@1230 Xiv, 14Mer eiThe idigit domeectepaTittamten 0421
receives a couplkj C in drj,Mes o j I ol t age
driver device é%ﬂgf:gﬁaWsoﬂ? e ggoﬁé %%%%g]é?j:on ge%%%%féggég%éc%nnects
to digit |ine 208pagdtenuRaying e First comriciot odidid didgiea A0qe

capaci tance ;804504 aC3086nd | ¥EnIEIMNK S JRAIR OF THOIdRM thetMeen

coupl i ng/ decoupling ¢apacitor 210 and digit |ine capacitance 204. By
appKyi ng a sui t 8BPBCR5ARER T MRt AT IRAHRT FOmRATERfe IYhAS (Vesa) to
connecti on terntsaplzagd/decdtpling adagciteouled fItoms an existing

parasitic effect and is therefore not included in the
circuit diagram of FIG. 1.

15 Coupling/decoupling capacitor 210 has first
and second connection terminals 212, 214, wherein first
connection terminal 212 receives a coupling/decoupling
drive voltage signal (V) from a voltage driver device
or signal source. Second connection terminal 214

20 connects to digit line 206 and thus to the first
connection of the digit line capacitance 204. A
capacitive network is therefore formed between
coupling/decoupling capacitor 210 and digit line

( capacitance 204. By applying a suitable

| 25 coupling/decoupling drive voltage signal (V) to
connection terminal 212, voltage can be decoupled from,
or coupled to, digit line 206. This is also shown in
equation (1) below:

I
C-+C,

ligitline

AV yope = x AVeg (1)

where AVy,; is the change in voltage on digit line 206,
30 C. is the capacitance of coupling/decoupling

capacitor 210, Caginiine 15 the capacitance 204 of digit

line 206, and AV, is the voltage switching magnitude



or coupled to, digit line 206. This is also showm in equation (1) below C

AVNODE C C .. X AvcaL (1) C + dgufine where 4V'onEi s the changezi,BnF pirge
digit line 206, 30 Ccis the capacitance of coupihi
capacitor 210, Cdigitline is the capacitance 204 of digit line 206, and

2:200#s the voltage switching magni tude 2'8 FEB 2007 22- 12U308267880326736
+. - 11 generated by the coupling/decoupling drive voltage signal (VCB1,).

FIGS. 5 and 6 illustrate the coupling and decoupling process in nore
detail. Conparing the electrical representation of 5 FIG 2 with
coupl i ng/ decoupl i ng devi ces 130, 140 i FIG 1, coupling/decoupling

capacitor 210 is equival ent to couplity/decoupling capacitors 134 and 144.

,Al so, vim ,g%éelghecrégrlggeghgycog%g_lsingi/%@gpqyégSérﬂpevL,%ﬁ{:& 2, 142, wherein

signal driver vice gener I've voltage signal (Vcsz,)
and signal drf¥@aleVenb. 1£ICSyeferpd s 1d14ekkRi® dheveowplinge signal (V,.)

. The vol t agendvddéaupdingapivdasde iAiefe geagint ed by both drive voltage
signals (Vsc,,) provid S i | r | g or decoupling

voltage onto or is off %é?ﬁ%gir"{r%(si;g%ngli%%tr}cgg?%%%e%e%fggggﬁgi&qm. The

capaci t arfce (EHF gl3 Mikk) coupl ing/degrupiingedevices 130%quilddl &Rt to the

E)ar asitic ca|)omci:1 alnceoﬁfalﬂﬁg/decdugmeﬁg Idapaztitor 0210 'E{ﬁeeqﬁﬂ@ﬂenﬂi vFr ?evi ce)s
132 .or 142 PR W qts |- ' ), V. tage signals (Vcs,,

ont o si gnal l}:ﬁéﬂ\{p&éﬁ%ﬁ%&%ﬁl&?@ ? %gycpicﬁ#\%e%%l%‘%aég%i'gnéfgo’( Vcs,,) are
received by Yeupls A§REERDbIYhGachprignadr driver deyicer £3peckdiel y. The

swi t chi ng tr awpétdim sdgheTtdeived aevice hisghgenerdtgh=t ikksw) of the vol tage

swi tohi ng, mogLLyle AVe3E SRadlel YUILICINGIdn ¥RLbagGadAdioRhed onto or
) generates a second drive voltage sigmnal (Vgg,). The '
voltage switching magnitude AV,, generated by both
drive voltage signals (Vg,) provides the necessary
' gignaling for coupling or decoupling voltage onto or
15 off of corresponding digit lines 102 and 104. The
capacitance (Caigse1ine) 204 of digit line 206 is
equivalent to the parasitic capacitance of digit
lines 102 and 104. The signal driver devices (132
or 142) apply the coupling/decoupling drive voltage
20 signals (V.,) onto signal lines 136, 146, where the
‘drive voltage signals (V.,) are received by
. coupling/decoupling capacitors 134, 144, respectively.
The switching transition direction (low-to-high or
{ . high-to-low) of the voltage switching magnitude AV,
25 determines whether voltage is coupled onto or off of
_the digit line. Thus, the change in voltage on the
digit line (AVyyg) depends on whether a voltage is
coupled to the digit line (increasing its bias
voltage), or whether a voltage is decoupled from the
30 digit line (reducing its bias voltage).

Note, from Equation (1) that by increasing
both the capacitance value of coupling/decoupling
capacitor 210 and the voltage switching magnitude AV,
a higher percentage (or fraction) of coupling or

35 decoupling can be achieved. For example, to
decouple 10% of the bias voltage from the digit line,

AMENDED SHEET



.the digit line. Thus, the change in voltage on the digit line (AV...)
depends on whether a voltage is coupled to the digit line (increasi
hias voltage), or whether a voltage-is—decoupled fromthe 30 di Y
(reducing its bias voltage). Note, from Equation (1) that by increasing

' bgi kp-bpey capaci tance val ue of coupling/decoupling capacitor Z3j$h3perad he
vol tage swi tching magni tude Avcs,, a higher percentage (or fraction) of

coupling or 35 decoupling can be achi eved. For exanpte, to decouple 10% of
the bias voltage fromthe digit |line,, AMENDED SHEET 2'B FEB 2007

22-12-2004 US0326736 12 the coupling/decoupling capacitance should be
approximately one tenth (1/10), or tenipefcent of the digit line

capaci tance. However, if the digit line capacitance is relatively |arge,

t he-s coupl i ngheecouplirgy degoupilivg capacibangs goniddohel |y increased, which

results in thaphabkisaténn ddle tanewr(1/q8pacss werﬁ%\é&esﬁtabftm expense ' of
reduci ng DRAM g switching

\ t, d l,
magni tude (AVALFLEOL VR SARASTBIEE no RAMBREF: id OE BEOTECTIASS o 142) i
normal |y bet weepagibamce ared refet Svely Yargel théc) in order to maximze the
coupl i ng/ QecO%hbﬂgnéwéédrdgigng'\gﬁﬁ%éi%& hiige w%l ©3%PorWibaa Y Magni tude

(AV3j - can be ,varied (increase i ecreﬁse ,etmﬁgn a_first and is second
vol tage by t h&PSFEAEFCurY FEFPLE® (3508, %W’E)cati RioPleta¥ P ary t he
coupl i ng/ decowppbangtoér adevimes aBotle texpehse sof arsiusdogntirRMe| t age gener at ed

by the signalyfdbi-yetagditse pel3dePicel 44kear e ‘controllably variable. Also
note that nore thah one_20 "cQupli ng/ decqupling capacitor pay be connected
between any given digi T8 i%® tgﬁﬁ iﬁﬁﬁanrT%éhl d8Vsah descri bing the
s«,ansi ng aper aigeorrafeddmsdhe signal driver device (132 or 142) is

normally between ground and the supply rail (Vcc) in
order to maximize the coupling/decoupling fraction.
‘Note that the voltage switching magnitude (AVg,) can be
varied {increased or decreased) between a first and

15 second voltage by the signal driver device (132 or 142)
in order to vary the coupling/decoupling fraction.
Both the first and second voltage generated by the
signal driver device (132 or 142) are controllably
variable. Also note that more than one

20 coupling/decoupling capacitor may be connected between
any given digit line and signal driver device.

. In describing the sensing operation of sense
amplifier 100, memory cell 116 is considered to hold
{ ~electrical-charge corresponding to a stored logic "1."
25 As previously indicated, during accessing (i.e.,
reading), sensing, and restoring the charge within
memory cell 116, digit line 104 is considered the
ractive® digit line, and adjacent digit line 102 is
considered the "reference" digit line.. Also, both
30 digit lines are pre-biased at Vcc/2 (half the supply .
rail) prior to firing the N-sense and P-sense
amplifiers.
In order to access electrical-charge stored
within memory cell 116, suitable voltage is applied to
35 the gate of transistor 118 by means of world line
(WL) 122. Once the gate voltage is applied and

AMENDED SHEET




anplifier 100, nenory cell 116 is considered to hold electrical-charge
correspondlng to a stored logic "1." 25 As previously indicated, 2euFgmnag
acce55|ng (i.e., reading), sensing, and restoring the charge Wi t hi n menory
cel I 11@011i0{11}2t1344| ne 104 is considered the "active" RUTUS2003/026736and
adjacent digit line 102 is considered the "reference"” digit line. Also,
both 30 digit lines are pre-biased at Vcc/2 (half the supply rail) prior to
firing the N-sense and P-sense anplifiergssz Ln order to access

el ectrical -charge stored w thin nmenory cell 116, suitable voltage is

applied to 35 thgngdieoPf1id ansicahaly tL8nbd ORANS PbwWRkbdahhee (W) 122.
Once the gate voltage.is. applied and ANENDE&}SgggT 2B FEB 2007 WO

2001/ 021354 PCT¢LEobpheabEapnectign is,8st PetwEeRy turned ON a I ow
i npedance el ec&éfﬁﬁhallﬁ)mtarﬁrl 1i2% es$t abei shadshetveenist.er vthval s 124 and
126 of the trans tor This _effecti &?Iy onnectstone idg.of-ﬁ gacitor
120 directly s ? ﬁ?b?Ye XrﬁPQHﬁftéueﬁetﬁ CePEcFAPRSM: EﬁaPBS haFf 3 occurs
bet ween capagi tos d2fitardink giad Iswoh that Blecttdchhectlasger sbatingarge from
capaci tor 120 djsch t Iy.e I gi.t4l 04,: th Wi be a

5§8 §§9$§Eb (ﬁ%y%?ﬂfd% 16% ghh qull ilnE ?bg bhe

slight  increase’in 'as vo e conpared to wth the
bi as vol t age ont@dthceﬂle¢aﬁxnaiw9@adgglﬁromln@P@GétOIhéﬁ@fdﬂéChargemeCtable

vol'tage differegee 4M1&&£3ir§1*&qtl%eaoql glthelr'enﬁﬁlio‘ﬂbea%dsiQéhtmce menory
cell 116 is accessed ate rrver appl.ies_a gate_vol tage ate

termnal 114 .sn%ma% Iut aqtdvig"n Lol 1dpe ddpst V@ﬁtﬁQ§n§P§‘PBF§d108 106,
respectivel yq Tﬁiﬁhcah@aslé@tﬁltla@@ i aagbeem:l ge@eseld® gigdtto fully turn

ON. Wth isolation transi ’?ﬁetloe i n th a% aet €120 eel %(itfrf'e%ah
connection is e Jtré‘ﬁl}é%ed fféef EF S1ode 98 5&5‘ g ence
(AV) occurs between digit lines 104 and 102.
" Once memory cell 116 is accessed, gate
driver 110 applies a gate voltage to gate terminal 114
15 and to gate terminal 112 of isolation
" transistors 108, 106, respectively. This causes both
isolation transistors 106, 108 to fully turn ON. With
isolation transistor 106 in the ON state, an electrical
connection is established between node B and
20 "reference" digit line 102. Sensing connection 178 of
sense amplifier 100 connects to node B and therefore to
*reference” digit line 102. Similarly, with
transistor 108 in the ON state, an electrical
( connection is established between node A and "activer
25 digit line 104. Sensing connection 180 of sense
amplifier 100 connects to node A and thexefore to
*active" digit line 104. Thus, the voltage on "active"
digit line 104 is received by the sense amplifier's
sensing connection 180, and the voltage on "reference"
30 digit line 102 is received by the sense amplifier's
sensing connection 178. Once the isolation transistors
are in the OFF state, sense amplifier connections 178
and 180 are isolated from respective digit
lines 102, 104. However, the voltages on digit
35 lines 102 and 104 remain stored on nodes A and B and

sensing connections 178, 180.



20 "reference” digit line 102. Sensing connection 178 of sense anplifier
100 connects to node B and therefore to "reference" digit line @@¢E5ﬂm7
Simlarly, with transistor 108 in the ON state, an electrical connection is
est abl | ghedo@sieen node A and "active" 2s digit |in&CI0$200382E8Ng
connection 180 of sense anplifier 100 connects to node A and therefore to
"active" digit line 104. Thus, the voltage on "active" digit line 104 is
recei ved by the sense anplifier's sensing connection 180, and the voltage
on "reference" 30 digit line 102 is receivgd _by the sense anplifier's
sensing connection 178. Once the isolation transistors are in the OFF

state, sense anplifier C0@H§C§6f{§béﬂ&ﬁfﬁ§¥%n&§pb@&aeéﬁphgkgévgﬁOﬁhbquectIVe
digit lines 102; 104. However, the voltgges on git 35 lines 102_and 104 -

remai n stored ohiR6d84 seRAd" FekeEenceh Jﬁﬁib6ﬁﬁ@b9pan§31781aiéﬁe M FEB 2087
WO 2004/ 02135¢4a PCT/ lﬁ}%ﬁé@é’@gﬁ@g -thik vdig age! Hageedehter enaehbeh\éeen

.actlve" digit line 104 an ref it line_1 tively

smal | . By |ncre§§Pﬁbn9h?§g ?aﬁ% eﬁ?#%éimﬂﬂﬁﬁ1oﬁhg%e gegﬁ&ethe
refresh perfer _nﬁﬂﬁebféf mpeomm dmumms lccsxhbtttﬂeI Islmsd.ngdoplellﬁatébﬁ? of the
sensi ng operatign or exa e | e | Ll sense
anplifier 100 ef?Bn%’éﬁtngeal c%?’l ng ]grbvg o Ipcf %bglﬂ S"b pI’OSI’I ate

el ectri cal chargmplbféﬂrat@@seszmgwnn%y aﬁﬂdcabmngoOragothelﬁobaagag
difference bet wegn apEtoNeiatld diiriddie Mirdindo L8 Qelcgealidiorly Ne 102

i ncreases, the ef ween necessary refresh peratlons
advant ageousl y ¢ﬁé¥eas%%5°Th$% the el tage tHel fnrencgobeiyeesn "ectidednce”

dl glt line 102 aﬁgiﬂgmmlmraﬂ@limﬁéﬂ@wq itwhijgle izaturn allows the
s (el ectrical - char%e in accessed meno 9&§%E5il to further deteriograte
mnthout beconi nRGRERFETt abPe. LHAF <! WﬁﬁﬂaqﬁﬁgﬁﬁéFXrF8F§F§

el ectrical -chargperations advantageously increases. This is due to
the bias voltage on "reference" digit line 102 having a
lower voltage threshold, which in turn allows the

15 electrical-charge in accessed memory cell 116 to
further deteriorate without becoming undetectable.
This means that once the deteriorated electrical-charge
in memory cell 116 is accessed, the bias voltage on
ractive® digit line 104 is still higher than reference

20 digit line 102. BHowever, in accordance with the
correct operation of the invention, if no charge is
present in accessed memory cell 116 (i.e., logic "o"
stored), the bias voltage on "active" digit line 104
must have a lower bias voltage value than that of

25 "reference" digit line 104.

The aforementioned increase in the voltage
difference between "active"” digit line 104 and
"reference™ digit line 102 is achieved by activating
voltage coupling/decoupling device 140 such that a

30 fraction or percentage of the existing reference digit
line bias voltage (i.e., Vcc/2) is decoupled from
reference digit line 102. Thus, the decrease in bias-
voltage on "reference" digit line 102, and the increase
in bias voltage on "“active" digit line 104 because of

35 accessing memory cell 116, achieves this voltage

difference increase. Because isolation



in menory cell 116 is accessed, the bias voltage on "active" digit line 104
is still higher than reference 20 digit |ine 102. However, in acqdrfEBaef
‘'With the correct operation of the invention, if no char resent in
accessedwoeamn$/921684 | 116 (i.e., logic "0" stored), thECg/Uég’“i’/ ¥ge on
"active" digit line 104 nust have a | ower bias voltage val ue than t hat of
25 "reference"” digit line 104. The aforenentioned increase in the voltage

di fference between "active" digit line 104 @and "reference" digit line 102

i s achi eved by activating voltage coupling/decoupling device 140 such that
a 30 fraction Ortﬁ%{é?l%“tfo&ﬁem% thesexiret 1Y edterejmﬁicgféasd | ite Hi s

vol tage (i.e., IS decou | ed fron& gefere ce <i8§1 ne 102. .Thus, the
decrease in bi a§"° gteaé’é‘ i ¥Fer9n8é HF 144 A & AMFIIRES it ease

in bias voltage wias aﬂillt‘ége dngrvtrelfetaen&ent @Bgﬂusler.mif BR aapeesst gk NENDry

cell 116, achieves.thi.s v e |ncrease Because i sol ati on
28FEB2007 WO 20A REk %PéT/ 6§§86§}g

6 transi stors 106, 108 are
still ON, thg |ncrease |nTheasenseIamgélﬁmefaﬁtsqnslnﬁgﬁt Ii ne 104 and the
decrease in %q;% O g0l eh§ge 19L0Ete 14 gat nodes A
and B, respectl E’e 8 ?ggl erés seensé]% connectlons 180, 178

sense” a
receive the resp&kﬁ%ﬂ?%@é§seﬂﬁl paggbepregémebrﬁ%e refererceyigit’

"reference” digiftined ifidMm tlba@snﬁdSﬁdABanQeBpeé@w@pylveMmPrwr to
"firing" the P- and N-sense arrp ifiers, isola D{l 10 trans stpors 106, 108
are turned OFF SUGHiM§st thfe Pp- 2BANRSERfg 2 'éﬂip’t RAR RS %\'T’% 5t ed fromthe

parasitic cleopawﬂaamt@trsduglst kopearéORunaned 16FF shieti eflde, thgage driver
110, reroves L he Y it BILEIYHlh30% of ARk bhoehat bon g ot o
t he capacitance of digit lines 102 and 104. Therefore,
' gate driver 110 removes the previously applied voltage
from both isolation transistor gates 112, 114. This
15 turns both transistors 106, 108 OFF, resulting in the
electrical isolation of nodes A and B and sensing
connections 180, 179 from digit lines 104, 102.
In the case of memory cell 116 (having a
stored logic "1"), the increase in the active digit
20 1line 104 bias voltage (also present at node A) relative
to the reference digit line 102 bias voltage is
detected when the N-sense amplifier is "fired.” Once
rfired," transistor 162 turns ON, connecting
( "reference" digit line 102 to ground (0V). The higher
25 bias voltage on "active" digit line 104 causes
transistor 162 to start conducting prior to the
conduction of transistor 164. Transistor 164 is thus
held in the OFF state when transistor 162 turns ON.
Once reference digit line 102 is groundeqd,
30 the P-sense amplifier is "fired." Upon "firing® the P-
sense amplifier, transistor 160 turns ON and connects
"active® digit line 104 to the supply voltage (Vcc) via
connection 180 and node A. It will be appreciated that
isolation transistor 108 must be turned ON again once
35 the charge voltage (Vcec) is applied to node A following
the "firing" of the P-sense amplifier. This provides



el ectrical isolation of nodes A and B and sensing connections 180, 179 from
digit lines 104, 102. In the case of nenory cell 116 (having a %%ﬁrE§ZM?giC
"1"), the increase in the active digit 20 Iine 104 bias voltage ( g ‘
pr esent a&% gg%] ), relative to the reference digit |iper@dodsssevoltage is
detected en e N-sense anplifier Is "fired." Once "fired," transistor
162 turns ON, connecting "reference" digit line 102 to ground (OV). The

hi gher as bias voltage on "active" digit lLi.ne 104 causes transistor 162 to
start conducting prior to the conduction of transistor 164. Transistor 164

Gigit Tine 102 P BLBORGAAT ot e iallE thid el VIRAJE pERAS or ence
"firing" the P-asenedeahpitnditactivehsiigidr lige ﬂ@ﬁns A & connect s )
“active” digit hggfaazgénter%ﬂg ?l‘ﬁ@?l ¥s \E a3 ¥arg¥ o) C&ggéeqts' on 180 and

node A. It will ~be apprecra | sol'ation transistor nmust be turned
ON again once 3¢sphatefafyemvbhe atretine’) digidpgiingd 4% node A fol | owi ng

the "firing" .of the P-sengergnplii€ion H¥andistdrdas it BP0, Wie
2004/ 021354 BCT/U82003/026736 16 an_electrical path between the charge

vol tage present SBargRolel baged (Vegl j 12 suprpied it "AFE Y8 " 1HP1E sol ati on

ItranSI stor is OEEnet heschaxpeoy okl Eig emésoryt &Qll&[é&d:a‘rfmﬁdﬂﬁ imtﬂweil;h@h git
ine 104. 5 Wth isolati transi s 108 .t urne , char vol tage

(Vee) is suppli & ﬁgaggC?QQGa Q}Eﬁ{'|$9ﬁ39Rﬁfge v'gM%H?PPQWHﬂﬁ &l |

transi stor 118 dhgihelifmd 04t ehdMfeaateme)y ddid capayeitat tXREe tom iwstive"

Toaory cor) 1By EARITBSRREIRY Y SibhofPRACH Vel i@ Li1d i d W20t 1Y,

Menory cel | “transistor urned renovi ng gé;ate vol t age
fromword i netmzaedTﬂéFchmgem@mmMg/ gatle t@ﬁ@aq okrapwexd now

restored and isgkgtedabt onrgl gbhatddCord Qfemory cell capacitor 120 is
' now restored and isolated from digit line 104.

1f, for example, memoxry cell 116 stores
15 relatively no electrical-charge (i.e., logic "0"), once
memory cell 116 is accessed, the charge sharing will
conversely cause the "active" digit line 104 bias
voltage to decrease relative to the "reference" digit
line 102 bias voltage. Once isolation
20 transistors 106, 108 are turned ON, both the "activen”
digit line 104 bias voltage and the "reference” digit
line 102 bias voltage are received by sensing
connections 180, 178, respectively. 1Isolation
( transistors 106, 108 are then turned OFF and the sense
25 amplifier is "fired."™ The decrease in the "active"
digit line 104 bias voltage relative to the "reference"
digit line 102 bias voltage is detected by sense
amplifier 100. Therefore, following the "firing" of
sense amplifier 100, a ground reference signal is
30 applied {(i.e., 0V) to the *active" digit line 104 via
node A and isolation transistor 108 (which is ON}. To
restore memory cell 116 (to logic "0"), the cell must
be accessed, thus, transistor 118 is fully ON.
FIG. 3 illustrates a second embodiment of the
35 invention. One difference between the embodiments of
FIGS. 1 and 3 is that in FIG. 3 coupling/decoupling



i f, for exanple, menory cell 116 stores is relatively no electrical-charge

(i.e., logic "0"), once menor y cell 116 is accessed, the charge:fgﬁgéggé
wi Il conversely cause the "active" digit line 104 bias voltage ase

relative dgference” digit line 102 bias volta Iatlon Zo
21
tran5|stJ§? %%g) 108 are turned ON, both the "active" quy Bﬁﬁne f04 bi as

vol tage and the "reference" digit |ine 102 bias voltage are received by
sensing connections 180, 178, respectivelx | solation transistors 106, 108
are then turned OFF and the sense as anpfitfer is "fired." The decrease in
the "active" digit line 104 bias voltage relative to the "reference" digit
line 102 bi as V(ﬂétlbéj}élt}%rﬁjélt-’»éot dd4bpreechoBneghpi P ercded. A1aRE & or e,

fol lowing the "fifdgy tEHan BRseragptbf Begit00inasgi eungnaeies e&@elﬁl gnal is
30 applied (i.e., OV) to the "active" digit line 104 via node A and

i sol ation transiB%@r 408 (which is ON). To restore menory cell 116 (to

logic "0"), the cell nust Asbe.lém@(tiraedd hhuslstransiséhginéw is fully ON
FIG 3 illustrates a second enb tlont Cpg di fference

{egmagdinRnl ofohgs 85, hOvent)on:
bet ween the Snb&RHSHS Y 188 f 3ﬁd IPrd MRt Ereres
coupl i ng/ decoupltexnitial HEBaZ@&?1sW[Bﬁ®On/OzaﬁsdsﬁﬁﬁY153003&0&6&66A17

capacitors 134, T%%%E%ﬁ?ﬁ§§y5§¥Eﬂ%&8i90%§ﬁ5é| ? {eégtgséléggn directly to

digit lines 104 7an , sensing s
connection 180 cﬁSQ&QENPQNQﬂamﬂhgﬁoxogoéoﬁﬁe§?§eﬁéedté@nﬁﬁaa fidost of -

i sol ation transi-ghr_ kR Visd oN0dGepmindhi 53%06@e‘ébhﬁﬁh{i§?ﬁ@€8uﬁf{‘ﬁ§8

anplifier 100 an |solat|on transistor 108 is referred to as a fi
"gut - node" 300. CRPARITAT 134 GPHESGEF|H8/&é8865IpﬁvaB tdpat®foin134
conpects to sigpalg.drijver Th3hinal 188 EEGcolplihgyaebalipld8gof

Coupllng/decouplln%Cltor 134 connects to "gut-node" 300 at node A.

' ' Similarly, sensing connection 178 of sense
amplifier 100 connects to terminal 107b of isolatiom

15 transistor 106 via node B. This connection between
sense amplifier 100 and isolation transistor 106 is
referred to as a second "gut-node" 302. Terminal 146
of coupling/decoupling capacitor 144 connects to signal
driver 142 (as in FIG. 1). Terminal 148 of

20 coupling/decoupling capacitor 144 connects to "gut-
node® 302 at node B.

FIG. 4 shows an electrical representation of
the coupling/decoupling device configuration used in
( FIG. 3. As described in the previous paragraph,

25 coupling/decoupling capacitors 134 and 144 are
respectively connected to "gut-nodes® 300 and 302 as
opposed to directly connecting them to the digit 1lines.
*Gut-node" capacitance 404 is electrically represented
as a capacitor having a first connection to the "gut-

30 node," and a second connection to ground. The "gut-
node" capacitance is not a fabricated component, such
as coupling/ decoupling capacitor 410. It is an
existing parasitic effect and is therefore not included
in the circuit diagram of FIG. 3.

35 Coupling/decoupling capacitor 410 has a first

and second connection terminal, wherein the first



capacitor 134 connects to "gut-node" 300 at node A. Simlarly, sensing
connection 178 of sense anplifier 100 connects to termnal 107b D§rEg 007 .
isolation is transistor 106 via node B. This connection between sense
anplifi %Qgggmgpgg solation transistor 106 is referraCUoSA83/Q6Becond

"gut -node™ 302. Term nal 146 of coupling/ decoupling capacitor 144 connects
to signal driver 142 (as in FIG 1) . Term nal 148 of 20

coupl i ng/ decoupl i ng capacitor 144 connects;d o "gut- node" 302 at node B

FIG 4 shows an electrical representation of the coupling/decoupling device
configuration u L0y s : d ribeditdyt vy rs , 2S
coupl i ng/ decoup??%eggﬁgéﬁgig?ﬁh g?}% *144 a*egs %:%%{ég%é%@éﬁlﬁ%e%d to
"gut - nodes" 300dzAge3v2lssgeoppsnadll {¥esdi rikam @ dodkeds iF iveamdey kG digit.
lines. "Gut-nogde" (GaRaG! kBHEEe404TESmERELI41£abE Yol BEQ dEEbuptSi iy
capacitor having a fiirst connection to the "gut 30 node," and a second
connection to gFeRAEitPResiQuEOnREAEs BAPERT t e 10t 200 1AM &R ed
conponent, suychghas fG@upl tBEhedEEBHPLENIgEEPEcHS Orcapld: itdrisoan existing
parasitic effect_and._is therefore.got includeﬁ .iqfthe gigcuit di agr am of
FIG 3. 35 CouplPRJFEeEGupPi figPREPaEYEPEMB hat® £959%E PERF ¥ cond
connecti on ter ncoalpl ingghdecouphéngi capaliGoFEBLR0AYd WRONEd€21354 -

PCT/ US2003/ 0267 . n ti . pal ej ves: pl i ng/ decoupl i ng
drive vol tage s%%ﬁé?lfégsgs ’fggﬁggﬁggp?aﬁé&%¥¥€éré ev}gggf%r si gnal source.
Term nal 414 of covpdlingdtfgccvppinggdriupavrlibrgd19igumnhelVs.lt da he
“gut-node” aRd {RY%iKAIS 4t1taeosz EiégngHQ?gé%Q{i'pPiné 9 p0esi€or CAPRCT tOr 404.

Therefore, a capacitive networ or fre et'ween coupllng/decoupling
capacitor 410 aN@ltgge- f3BePe dgpoEPLEA 5DA™. WAErePWPHFIapP! VPG 298brtabl e
coupl i ng/ decouphbde.dri raivolikagessi gpawn( VaseqhatPon (2) below:

CC
C'C + Cg‘ul—node

A VNODE = x A VCSL (2)

where AV 1s the change in voltage on the "gut-node,"

15 C. is the capacitance of coupling/decoupling
capacitor 410, C,y.nae 1S the capacitance 404 of the
"gut-node, " and AV, is the voltage switching magnitugde
generated by the coupling/decoupling drive voltage
signal (Vgg) .

20 Comparing the electrical representation of

( FIG. 4 with coupling/decoupling devices 130, 140 in

FIG. 3, coupling/decoupling capacitor 410 is equivalent
to coupling/decoupling capacitors 134 and 144. Also,
Ves, 1S generated by the first or second signal driver

25 devices 132, 142, wherein signal driver device 132
generates a first drive voltage signal (V.,,) and signal
driver device 142 generates a second drive voltage
signal (V..) .- The voltage switching magnitude AV
generated by both drive voltage signals V., provides

30 the necessary signaling for coupling or decoupling
voltage onto or off of corresponding digit lines 102
and 104. The "gut-node" capacitance (Cg, .nq.) 404 is a
parasitic element. The signal driver devices (132



-

to termnal 412 of coupling/decoupling capacitor 410, voltage can be
decoupl ed from or coupl ed to t he "gut- node. " Th| s is al so shown

11 1 i S
t he change in vol tage on the "gut-node, " is Cc is the capacitance of
cmpﬁ-u?.ﬂgl}decoupl ing capacitor 410, Cy-t_"uae is the capacitancdSa326786 the
'gut-node, " and Ovcs,, is the voltage sw tching magnitude generated by the

coupl i ng/ decoupling drive voltage signal (Vcsn) . 20 Conparing the

el ectrical representation of FIG 4 with coupling/decoupling devices 130,
140 in FIG 3, coupling/decoupling capaC| tor 410 is equivalent to

coupl i ng/ decoupl i ng capacitors 134 ard P44, Al so Vcs,, is generat ed by the

first or second signal driver ,2s devi erein al driver
device 132 géfferdrdsIgneTats tﬁﬂ"’ 98“?/%%{%@@%? g (mv' ¢ge v f'%ﬁ?ﬂ?& gnal
driver device dighadendVatledhatsereneatived byldapd ingigeedurMogy , 2) - The
vol tage swi tcm@ﬁaﬁaegtyﬁe A4 144, 9ORRS %&ﬁecﬁyngb@ﬁn@,&tys%vol tage signals

Vcs,, provides couplin ecoupl i ng

ssar gnal |
vol t age onto d?lrcﬂCFlBP gﬁ? i‘r’r&bn@rcﬂ ~tPr hee) 10(3‘-2t gn¥oleRge The
"gut - node’s capaditching @&nitudeadV ) Oletiegmdnepartetitiercveleagantis The si gnal

driver devices, 2a22p187 \%uy§Q§2§;§p thl"g?/ig{‘j ]ﬂh%)e generate the

coupl i ng/ decoupl I'ng drive g{ at are received by-
coupl i ng/- decouph ng capEatiass 12348 H‘& By elnspeasapagtie ansi ti on

direction (| owdpaditghcervaiwgh-ofocboplimgf/debeupbiicpgapacivbtcdu mg magni t ude
oST, det e M6 HIPWBEEad 10 BlandO .Sl 4 GfdinedoERUBLEEhdL O Lhe di o

| i ne. Equation i ncr easi n§™f he apac tance
coupl i ng/@ecouffT ﬁ@aESb%%l S c&f@h&%&”’c [feceBpling qa@vgp change Avsc,,, a
hi gher per centasflrievied. ( 0Thd raabtantaye ob6f cwmpectiingr decoupl i ng can be

coupling/decoupling capacitors 134 and 144 to "gut-
nodes" 300 and 302 is that a higher fraction or
percentage of voltage couplihg/decoupling can be

1s . achieved. This is due to the much lower capacitance
value of "gut-nodes" 300 and 302. Refefring to
equation (2), it can be seen that for a given magnitude
of voltage decoupling or coupling, the capacitance of
coupling/decoupling capacitors 134 and 144 can be

20 substantially less as a result of the relatively low
capacitance of "gut-nodes" 300, 302. In the
configuration of FIG. 1, where coupling/decoupling
capacitors 134 and 144 are connected to respective

( ' digit lines 104 and 102, the relatively high

| 25 capacitance (Cagic1ine) ©f digit lines 102 and 104
required that coupling/decoupling capacitors 134
and 144 also have a proportionally high capacitance as
well. Therefore, the "gut-node" capacitance provides'
voltage coupling with the use of much smaller.

30 coupling/decoupling capacitors 134, 144. This
advantageously enables the fabrication of physically
smaller capacitors within a DRAM memory device. Aalso,
for a given constraint in coupling/decoupling capacitor
size, relatively more voltage coupling/decoupling is

35 achievable in comparison to coupling/decoupling voltage
directly from the digit line (as in FIG. 1). This
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achi eved. The advantage of connecting coupling/decoupling capacitors 134
and 144 to "gut- nodes” 300 and 302 is that a higher fraction or

|.on‘.._.x.toltage..e.. ng/l-decou an—b 3 eved- S - & ong

| ower capacitance value of "gut-nodes” 300 and 302. Referring to equation
(2».12idooaan be seen that for a given magnitude of voltage decggg{géezg or
coupling, the capacitance of coupling/decoupling capacitors 1 n ?44 can
be 20 substantially less as a result of the relatively | ow capacitance of
"gut-nodes"” 300, 302. In the- configuration of FIG 1, where

coupl i ng/ decoupling capacitors 134 and 144 are connected to respective
digit lines 104 and 102, the relativelyyhi gh 25 capacitance (Cdj,.jj") of
digit lines 102 and 104 required that coupling/decoupling capacitors 134

and *144 al so paxe1ts We@ﬁﬁéé!@Q@JoleywiQﬁhﬂﬁ@@%iﬁﬂ%‘%ﬁa%e.%@} loneTherefore, the
"gut - node" capaci.t.ance provides C%/‘ t age ctoupl | ng.wlth t.he use of nuch
smal ler. 30 cbpHndPd8cEumkiang B st $Auakigns l)s  advant ageousl y

enabl es the fabdi €t derod gonstiavsl vglusmdl cenplipmbiccoupling hin a DRAM
menory devi CecagdSitanchOlcd ,Ieh8NshkPNS @i Nt i NagdUpl | No/ dagoupl i ng
capaci tor S|§e, rel%élvel%_nnfe ol tage cBué? Qg%?é%ougllng Is 35
achi evabl® i nPtEHFa R RRER: Ui Ot ng Py VAGEI (SYRLIBY ¥t Iy from the
digit line (adecongAli@g.1). This AMENDED SHEET 2'S FFR 2007 72i-12-2004
US0326736° 20 "resul.ts hgcapgsr ot thedegdts_ﬁ@,ggsi SRy lunkbesse (§e 9- + One
tenth) than Cdigitli,e ,Referring._to eqﬁiéions i;& %ggtii%, for a constant
val ue of coupFFéEﬁqiﬁfo&BIFaﬁ CQéiiiBﬂtﬁ. SeeEPL1Ng ¥ IPefFP8® Cdigitli, e and
the s higherftém thegdigitel idesydedngt sensed),t ajen czrnde ng or  decoupling. In
order fofy t hegnoiiringdeooCrPagi AR C8otR Hd1ation

transistors 106, 108 should be turned either fully OFF

or partially OFF. If transistors 106, 108 are fully ON

(i.e., in saturation), for each digit line, both the

digit line capacitance and the "gut-node" capacitance

15 will be electrically in parallel. Therefore, the total

capacitance will be the sum of both the digit line

capacitance and the "gut-node" capacitance, wherein the

digit line capacitance is considerably higher than ;he

"qut-node" capacitance. Referring to equation (1)

20 or (2), the increase in total capacitance in the
denominator will reduce the voltage coupling/decoupling
fraction or percemtage considerably. Thus, the
advantage of exploiting the "gut-node" capacitance will
be substantially diminished if the isolation

25 transistors are fully ON. Both isolation .
transistors 106, 108 should be either OFF or partially
OFF.

As previously indicated, the voltage
switching wagnitude (AV.,) generated by the signal -

30 driver device (132 or 142) is normally between ground
and the supply rail (Vcec) in order to maximize the
coupling/decoupling fraction. Note that the voltage
level change value (AV.,) can be varied (increased or
decreased) between a first and a second voltage by the

35 signal driver device (132 or 142) in order to vary the
coupling/decoupling fraétion. Also note that more tham
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effective in the coupling and decoupling of voltage fromthe digit |lines
"being. sensed, when sense 10 anplifier 100 is fired, both 'SOlat'OPPFEngE
transistors 106, 108 should be turned either fully OFF or. partially

| f transi WO0e/084 108 are fully ON (i.e., in saturatPonpusubsscesch di git
line, both the digit |ine capacitance and the "gut-node" capacitance 3.s
will be electrically in parallel. Therefore, the total capacitance wll be

the sumof both the digit Iine capacitancg and the "gut-node" capacitance,
wherein the digit Iine capacitance is considerably higher than the

"gut - node" capacgjta | I ncrease in
tgt al capaci tgng)gel ggtgﬁlgﬁézéé&&%%f foéjﬁé éﬁ%)énat%ge Vo ‘T((t%%{]gfé:tt%%
coupl.i ng/ decoupbetyeefr anyi ghven ¢g et dge msﬁmadb@nmméemwee

advantage of exploiting thge" gbraOSh SRRAE te'vmfaméﬂt de \pstantial Iy
dimnished if the isolation 25 transistars are fully ON.. Both Isolation

transi stors 106WildgnewobrddsecEiberkWEr 17 Gfﬂ%ﬁ'rtcfealtl%/ thep imidgyr evi ousl y
i ndi cated, the wabbzgfs smhﬁhtagedmmmwes(A\As )sm&ermaﬁnbmgt he signal -

30 driver devi C(a g 32 or 142%‘ or mal | y bet wee ound*f he su‘{)ply rail
(Vcc) in order B32FERMrI8. ¢ kB OFEHI TR Ccfée&ﬁJdT“?'?f%’)f & hat the
vol tage |evel ehmege,) adum:(d\lmfﬂ_)voaalagbes\igua&dsﬁmnqwa@ed19r apﬂﬂciremsed)
between a first _and s gn |ta e§q¥r ﬂf rmg qﬁ ce (132 or
142) in order t&9ERyE ﬁg 88u Frigt He2ouptd ng nt1 %Ihlt‘#(?%o W% hat nore
t han AMENDED SHEEtage8sE§BaIOGﬁsumzlﬂm 0@61@:5’914 CRGII UBRO OB CRAAA36 - 21
e and s g%al CoEp oy OycBREEh o e R e e 0 s 5
wi I [ now be desEPEBB8i®RSh reference to the tining
As shown in timing diagram 504, at time t,, an
ISO gate signal 506, is raised from Vce/2 to Vecp so
that the gate voltages of isolation transistors 106
15 and 108 are raised above their threshold value. This
turns isolation transistors 106, 108 ON such that the
voltage on "active” digit line 104 and "reference”
digit line 102 are received by respective
"gut-nodes” 300 and 302, and are therefore received by
20 sensing connections 180 and 178 of sensing
amplifier 100.
Timing diagram 508 shows the bias voltages at
gut-nodes 300 and 302. As illustrated, prior to
( time t,, both gut-nodes 300, 302 are biased at Vcc/2.
25 At t,, once memory cell 116 (i.e., storxed logic "1") and
isolation transistor 108 are accessed, electrical-
charge sharxing occurs between "active" digit line 104
and memory cell 116. This causes a voltage increase
(V2) in the "active® digit line bias voltage. As the
30 T"active" digit line 104 and gut-node 300 are connected
via the turned ON isolation transistor, the first "gut-
node" bias voltage 510 is charged to the increased
ractive" digit line bias voltage (V2 increase). Also
following time t,, the second "gut-node" bias
35 voltage 512 is the same as the "reference" digit line
bias voltage.



s diagrans illustrated in FIGS. As shown in timng diagram?500, in order

to access nenory cell 116, at a tinme to, a wordline voltage signpg FE@%{}W
—Mecp) is applied to gate 122 of tranststor 118. The magnitu

vol tage signal ensures that nmenory cell 116 is fully io turned ON during the
seh$2-80@ht sense and restore operations. As shown in tining diSRF2EA8604, at
fime-to, an SO gate signal 506, is raised fromVcc/2 to Vccp so that the
gate voltages of isolation transistors 106 15 and 108 are rai sed above their
threshold value. This turns isolation transistors 106, 108 ON such that the
voltage on "active" digit line 104 and "reference” digit line 102 are

recei ved by respective "gut-nodes" 30024nd 302, and are therefore received

by 20 sensing connecti 180 and 178 of .sensin nplLifier 100. Timng
di agr am 508 shows t he b!?%éer\f&f‘?a %stfg'tmggﬁ’(%qroa}?egOgooaiinidl% 10 Ag
illustrated, pheogate signali 506bappiligd: taotesladdon 302 are biased at Vec/ 2.

25 At t", once aREBEYosL!10sl h8a(1o€ retftRs o RE/S "(bR) 188&k) 1 sol ation
transi stor 108 are accessed, electrical- e s rlng occurs between
e

"active" di gi FHFnE3YHIS Eﬁ%ﬁsﬁﬁﬁfﬁilxﬂng1&&%&9fﬁF2%5$& ST a vol tage increase
(V2) in the "aompletedlygiurn OFE bdependdhyage. deAsiceheéhI@shabd) ve" digit' |ine
104 and QUE'n(ﬂeeigﬂgfré‘aéé%n'&‘rigiﬁdlin\ésa_lbﬁ‘ dd'1pad JQN Eégi@éé@n transistor,
the first "gut- node"” bias vol Tage, 510 I s charged to the I ncreased active
di git ki ne bi dEOPoFEERESY EHEF’S%%E'@ 38R s34 1Y onwFRYeVPRe B¥ER t he second
"gut - node" bi ahe3incoetazark "atRive" tdigisalbnashidse vollehgeecand "t git |ine
bi as voltage. «2o8cEEB-VWigit2118e 0L VP e ng_% eReferring to timng
dkagran1?94, %%t%&gg)téﬁ’boégh%ggggé% é"gggb anés}aa%-hg e203630|at|0n
' respectively. Therefore, these bias voltages are also
received at sensing connections 178 and 180 of sensing
amplifier 100.
Now that sufficient isolation exists between
15 gut-nodes 302 and 300, and digit lines 102 and 104, at
time t,, voltage is decoupled from "reference" digit
line 102 by means of coupling/decoupling device 140.
Timing diagram 514 shows the coupling/decoupling drive
voltage signal (V.,) 516 generated by signal driver
20 device 142. At time t,, the coupling/decoupling drive
voltage signal 516 makes a high-to-low voltage
transition from Vcc to ground (AV.,). This voltage
switching magnitude (AV.,) applied by signal driver
{ devi®e 142 to the capacitor network (C, and Cgu.noae)
25 decouples a desired percentage or fraction of the
nreference" digit line bias voltage that is now stored
on "gut-node" 302. This is illustrated in timing
diagram 508, wherein the second "gut-node" bias
voltage 512 decreases (by V1) at time t,. Thus, the .
30 ° Dbias voltage on "gut-node" 302 is reduced in favor of
increasing the refresh performance.
The coupling/decoupling drive voltage signal
(Vesrs) 518 is generated by signal driver device 132. As
illustrated in the timing diagram, at time t,, drive
35 voltage signal 518 makes no voltage transition

(AV.,=0) . Referring to equation (2), no voltage
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transistors 106 and 108 returns to Vcc/2 (or lower). This causes

transistors 106, 108 to partially or s conpletely turn OFF (depeanqgﬁgﬁw
device threshold). in either case, digit lines 102 and 104 are i gl

.. from regrembiyAzgut - nodes' 302 and 300. However, . bot hpct€0bd)65eased
"active" digit line bias voltage and the "reference" digit |ine bias

vol tage are present to (stored) on both "gut-node" 300 and "gut-node" 302
respectively. Therefore, these bias voltages are also received at sensing
connections 178 and 180 of sensing anplrfiér-100. Now that sufficient

i sol ation exists between i5 gut-nodes 302 and 300, and digit |lines 102 and
104, at tine tXxouplinmen segosplingd (firém " Alferthc @CEHXH tunlgsfe 402 by
means of coupli ' dey i H PRI 8| o3PPYB gt he
coupling/decoupP?ég |£ﬁ§é¥%§$§§g§Q§%ﬁ%t§ 1}Vggg2§g%§giggzé%gteg bygsignal
driver 20 devi cedu¥ive vRltagee sigmalhdVealipl i FBP8echip| PEyS dYPie29% oPRage

signal 516 makesw&y,bihhd 00w 40hinRGRAnde@@nsi tion from Vcc to ground
(Avcs,,) . This voltage smﬁtphiQgggagnitude,%g@bs,h%gagglied bé si gnal
driver devis® 142 to the ASpddutratetndrk taBdngndiegra™dd®y 35 decoupl es
a desired percent pge 1€, thacki-sanet amplifiefeiencfired gr twhéreimitthe vol t age
that is now stored on " t-node"éﬁ&?. Tg&% £§ Ellustratgq intimng .

di agr am 508, vaﬁ%ﬁWP?tﬂé%éaﬁﬁﬁf'” -486d e~ “bi°hs VOPHgE°5T2. decreases (by
V1) at tinme t2. domsectiver .166 is3@rdypssl folomayecdr '(ballfnste" s8PPliys
reduced in favor | nCr | resh sper e h
coupling/decoupfYéEF%#%%éﬁsg#%%bgﬁg¥gﬁgl ) %SF%?%gggg ?g[ggﬁgfaggg 65

si gnal drivenrodegieend3as Adl luydtnahedatiay tiiminge diggram Gio8ge&ntime time t 2,
drive 35 vol tageysi giimd élgfnﬁkﬁinﬂodiggiéﬂesﬁé?”éhé'?Dseﬁéé/cii‘)@p_'ﬂv\%ier

Referring to_equatlon,géé, no vol tage VENDED SHEET H FEB_20
2004/ 021354 Pcr/:‘:szm ,6'73@1ere1n he common node bias voltage 524 on

common node connection 170 is raised from ground (0V)
to Vcc (supply voltage). This connects gut-node 300 to

15 the supply voltage, as illustrated in timing
diagram 508 at time instant t,.

As illustrated in timing diagram 504, at time
instant t,, the isolation transistors are turned ON by
increasing the voltage of the ISO gate signal 506 from

20 Vcc/2 to Vecp. Consequently, an electrical path
between "gut-node"” 300 and "active™ digit line 104 is
established. Therefore, the applied supply voltage on
"gut-node" 300 is also received by "active® digit
line 104. Because memory cell transistor 118 is still

25 fully ON, memory cell capacitor 120 is fully charged by
the supply voltage. Thus, the electrical charge within
memory cell 116 is fully restored by the application of
a charge voltage (e.g., supply voltage) to "active®
digit line 104.

30 FIG. 6 illustrates different signaling
schemes for cdupling and decoupling voltage onto or off
of digit lines and their respective "gut-nodes®™ during
the sensing operation of the sense amplifiers.

, Timing diagram 602 is identical to timing

35 diagram 514 shown in FIG. 5. Timing diagram 602 shows

that at time t,, the second coupling/decoupling drive



23 coupling or decoupling (i.e., AVNODE=0) occurs unless a voltage
transition occurs in the coupling/decoupling drive voltage signglgf .
Thus, the bias voltage on "gut-node" 300 is unchanged. s As illustrated
timng dvagowamB30, at time t3, the N-sense anplifi erPGBUSIPIEE736 wherein
the comon node bias voltage 522 on conmmon node connection 166 is dropped
fromVcc/2 (half the supply voltage) to near ground. This connects gut-node
302 to io ground, as illustrated in tim.ng,diagram508 at tine t,. (. At
time is of timng diagram 520, the P-sense anplifier 1is "fired," wherein

t he conmon nod ' : CONADPe HO. 14 |Sel ai sed
from ground (035(91‘?%9%//%@ s&pgl%é \C}gf?ége). Tﬁi%qtl:oﬁnect s.iﬁt‘ﬁ%j%§%oo to is
the supply vol texpnsHsion | ({Msudt Edom Vioritey ITeURGr anTHoS RKLOVRRES nst ant

t.. As illustraferh dde dd8RH19ROFHP Yhe dlrdfidPrndeSid@Rfitl 1inlke B ation
transistors are turn§e%l O\Idg% :n%greasi ng, t he vol tage of, tthe |1 SO gate signal

506 from 20 VCEPBtage \itQaredoonssgdnmare ad & -ectiiec ittt h bet ween
"gut-node” 390 aneblBed/dekoudididg ldrierel Oblitagee Higplalslead (Thgief se, the

The 104 Bocautt temoriped PaHinarats 2 A% 19 VoIS aaH 1y O merory
cell capacitor tZdnsstifan lat dhareged . by Thelre fouppl povobltgge Fhanget lis’
appl i cat 1 on of SRy sd HRNALtides WS [ s AR dedfiea o,
line 104. 30 Fi@ ‘Bgutingdeatidd di Higriog diagran fP8 sdimored Heorfioosipl i ng
"Gut -nodes “Hary oo TR/ MR a8 | LT i ng
di agram 602 is tERntIRHC ORI BLRFSBs HRRP AT OWPLIYRIS Ghangei ni ng
di agram 602 shoys appeteditd ivhe taddivreec@iyhicaid ngdecamldqw drive
- stored on *gut-node®” 300. Thus, the "gut-node® bias
voltage remains unchanged (i.e., no coupling or
15 decoupling). If the voltage is kept constant, no
voltage coupling or decoupling will occur.
As previously described, the refresh
performance of a DRAM device can also be improved by
both coupling bias voltage onto an active digit line or
20 "gut-node," and decoupling bias voltage from a
rreference” digit line or "gut-node." The
coupling/decoupling drive signals for achieving this
are shown in timing diagram 612. Timing diagram 612
{ shows that at time t,, second coupling/decoupling drive
25 voltage signal 614 (V.;,) makes a high-to-low voltage
transition (AV.,) from Vcc to ground. This provides
voltage decoupling from the "reference® digit line bias
voltage stored on "gut-node® 302. Also, at time t,,
first coupling/decoupling drive voltage signal 616
30 (Vey,) makes a low-to-high voltage transition (AVgy)
from ground to Vecc. This provides voltage coupling
onto the "active® digit line bias voltage stored on
"gut-node" 300. This couples a percentage or fraction
of the low-to-high voltage tramsition (AVg,) onto the

35 mractive" digit line or "gut-node," wherein the fraction



2' B FE6' 2U07 WO 2004/ 021354 PCT/ US2003/ 026736 24 vol tage signal 604
(VCSL2) makes a high-to-low voltage transition (/VcsL) from Vcc b F;E'Bomyd
This provides voltage decoupling fromthe "reference" digit |ine bias

vol t age SWOR/03154 gut - node" 302. The first s coupli ng/HeTmsplosog78si ve

vol tage signal 606 (V,,,,) is in the "logic high" state and makes no
voltage transition at tinme t2. Therefore, no voltage change is' applied to
the "active" digit line bias voltage storedg -on "gut-node" 300. Timng

di agram 608 shows the first i.0 coupling/decoupling drive voltage signal 610

(Ves,,,) in.  the g éﬁ@éﬁté@é’\/ o§t@@ll@@cﬁsa@@t@rmﬂﬁewoﬁﬁgﬁhé?hange is
applied to the ' act lve' t I i.ne hias vol ta% %gg node" 300.
Thus, the "gut- ?I%B%‘“B?’é ﬁﬁ%oﬁg‘egn ﬁBﬁ(‘jé Oﬁ Iéetw coupl i ng or

is decoupl ing) - If the vmét@@aemdmptatcmﬁsteam; the fdldsage coupl ing or

d I |1 I d d_th f f
2 DRAM dovi ce. cHURE SBOLRe P LUSh T bl Cedip P B ot Gof ey onto an

active digi tsI | makes 2016guteﬁmm; 'v@lmmmmsumgom dsﬁVth aegedf rom a
rreference” digibubige 9rpetiaflfle or Flicraaiplinghleopypl wghgg',ﬁve si gnal s

for achieving t are shown I n g; agram Timng d am 612
shows that at tyedtage §é%@$\%lt¥9311p14 Yigy) d @B Gpltheg "@ctiaves diyitageine gnal

614 (VC5L2) makss aghtgﬁoa@ *OVIIY(Hé&QQiarHeaQﬁ'tH @hel /imenhéﬁom\léc to
ground. This provi des volia eco ling fromthe "reference” digit |ine

bias voltage sT®fed oﬁouﬁh’c‘g?\/ ingn Az d Ve, wolitage )signal 614

coupl i ng/ degpup(vg, )dimaye beokepgeati gnedbnsddnBOvdMeade ) (TBlLS @ol ow-t o- hi gh
voltage transitjo from)grﬁo%u%d Q. Vcc. Th| s .provi des vol t age
I

coupling onto ‘f(ﬁj;té%%t&/ PSHEHIR VONRFE Sioriato ec‘”ﬁﬂ%eﬂode"
300. This couplfxsom pbkectre fereroref réigditolingf. t By lioeteabiny wnét age

transitionv(ExW§§§g 9819a§@eon the "active" digit line alone, the
refresh performance is also improved.

15 Note that in the embodiment of FIG. 1, the
coupling/decoupling fraction or coupling/decoupling
percentage is determined by the capacitance of the
coupling/decoupling capacitor (e.g., capacitor 134) and
the digit line capacitance (e.g., Cagiriine ©f "activer

20 digit line 104). Alternatively, in the embodiment of
FIG. 3, the coupling fraction or coupling percentage is
determined by the capacitance of the
coupling/decoupling capacitor (e.g., capacitor 134) and

{ the corresponding "gut-node" capacitance (e.g., C

2s located at 300).

gut -node

Note again that references made to particular
ractive" or "reference" digit lines were made for
illustrative purposes. In accordance with the
invention, coupling/decoupling devices are connected to

30 any pair of digit lines that correspond to a particular
sense amplifier.

FIG. 7 shows a system that incorporates the
invention. System 700 includes a plurality of DRAM
chips 775, a processor 770, a memory controller 772,

35 input devices 774, output devices 776, and optional
storage devices 778. DRAM chips 775 include one of the



3s "active" digit line or "gut-node," wherein the fraction 2 ,8 FEB 2007 WO
2004/ 021354 FCT/ 052003/026736 - 25 or percentage of coupling is g?ﬁﬁ% ed
by the capacitor values in the formed capacitor network. As det i-ne

time t2,whhgosdid2isds - coupling/ decoupling drive vol t agepergrsabosdids¢ Ves, . 1)

s makes a lowto-high voltage transition (QVCL) and couples a percentage or
fraction of the lowto-high voltage transition (AVCSL) onto the "active"
digit line or "gut-node." In accordance wgh the invention, the second
coupl i ng/ decoupling drive voltage signal 614 10 (VScL,) may be kept at a
constant vol tagg{nﬁbdgmengg 1¥Phiaaa dd ansdgd Aiveldeid hptcy ol 1 agg i 5, not

decoupled from reference” digit line. By increasjng the bias voltage
on the "active"Dakgi ang ﬁ@n%ﬂf%élﬁl}?els 37§ dR e drahneet Y&e M so i nproved.

15 Note that in Ebeegngdenén&fméﬂc&y Jcoﬂﬂl&:lmupﬂ’lmg{rﬂ&CM@Hm fraction
or coupling /deg rcent a(ge i S termn the cag Ci ta ce of the

Qu
coupl i ng/ decoupFFWSE€§ é{m ¥ra (@p COI%: lae;aiuat Jffnd TR l'i ne _
capaci tance §e. petwedngmthdrp odntmelilemr"7 20 ah@mRAM rtehiﬁé)'i?sl\lvm natively,
in the enbodi rre t (o] FI t I C I in [ cent age
is determ ned y tfﬁ ca%‘%ﬁ %né(;%’l '}ﬁgc%%?lﬁ\&hdgcoupﬁgn% %%gci tBr
(e.g., capacitoke¥Bsoprdnda(mouse, @r&mmgiimam(fdereeapacrtmze (e.qg.,
Cg"t_,,,de e d
particular " ac{)l veEF QP&L’ é?'grte%ce 6\‘_1{5:? n%eslc\g/\"g% gé g%?fg? &l“tf%st rative
pur poses. In ac@@féﬁﬁé&%t*ﬂ‘é%e‘ﬂﬁ%n’l‘-’!%n QG i aéeeapl VagcarRyi ces are

connect ed t? 301ﬁ81u§€' rf@f Shhg1d ) rk?Svid@é eDspespandito 8 paihis! ar
sense anplifre FI G shows aqﬁ/rstem té]evﬂ ncor orates_the ~invention.

Systfem 700 i ncI aYedPy BFH?%I FPRX

output data to a usex. Note that input devices 774 and

ce capable of providing

output devices 776 can alternatively be a single
input /output device. Storage devices 778 can include,
15 for example, one or more disk or tape drives.

Thus it is seen that DRAM sense amplifiers
are provided that have improved refresh performances.
One skilled in the art will appreciate that the
invention can be practiced by other than the described

20 embodiments, which are presented for puxposes of
illustration and not of limitation, and the invention
is limited only by the claims which follow.



chips 775, a processor 770, a nenory controller 772, 35 input devices 774,
out put devices 776, and optional storage devices 778. DRAM chi ps 7%5

incl ude one of the 28FEB2007 WD 20041021354 PCT/ US2003/ 026736 2628 FEB 2007
enbodi ments illustrated respectively in FIGS. 1 and 3. Data and control
signals are transferred between processor 770 and menory controller 772 via
bus 771. simlarly, data and control _spgnals are transferred s between
menory controller 772 and DRAM chips 775 via bus 773. Input devices 774 can
i nclude, for exanple, a keyboard, a nouse, a touch-pad display screen, or
any othegEaggéQH[iate device that allows a user to enter information into
system 700. put devices 776 can to include, for exanple, a video display

unit, a printer, oi any_ot her apgrogriate devi ce capabl e of providing
output data to a user. NOtBSPRAY PRSGECAEITMRESST?9 and out put devices 776

can alternatively be a skngharalApYt b@UkBHbrJe¥ktes; St orage devices 778 can
include, is for exanple, one or nore disk or tape drives. Thus it is seen
that DRAM sense anplifiefsplaralptivirdediohht Lhaee Whpretvadepehr dégit

per f or man ; hLLed in.t t will cappteac] h the invention
can be prggﬁ?cé§h§§a§?%érg?h§ﬁ ?Egggegﬁ%i gdggageﬁgggfgeg%%}gﬁhich are
presented for purposes oht pilukadtrgt bdnsandenampot fiemrst ahkarinasdchhe
invention is limted only by the clains which follow_ M FEB 2007 - 27 WE
CLAIM 1.SRRABneRplYEiPEelEoRBHPSPAGLC &EplGRAFI PPCoPInSRBFYERPEY: a
plurality.gf digitglines wherein each digit line is coupled to at |east one
of said nenory cells; a plurality of sense anplifiers wherein each sense
anplifier is coupled to at vbé&sgeoneupfisgi/demenpiyng device having an

output coupled to a first of said digit lines, wherein said
voltage device couples voltage onto or decouples voltage from
said first digit line after one of said memory cells is
accessed and before one of said sense amplifiers is fired,

said one sense amplifier coupled to said one memory cell.

2. The memory device of claim 1 wherein said
voltage coupling/decoupling device comprises:

a voltage driver having an output, said
voltage driver operative to generate a first or a second
voltage signal; and

a capacitor having a first terminal and a
second terminal, said first terminal coupled to said driver
output and said second terminal coupled to said first digit

line.

3. The memory device of claim 2 wherein said
first and second voltage signals are of different voltage
switching magnitudes, opposite switching transitions, or

both.

4, The memory device of claim 1 wherein:



cells; and a voltage coupling/decoupling device having an output coupled to
a first of said digit lines, wherein said voltage device couples %3‘%§ﬂﬁ
onto or decouples voltage from said first digit |ine after one 02 &
menory cells is accessed and before one of said sense anplifiers is fired,
said one sense anplifier coupled to said one nenory cell. 2. The nenory
device of claim1l wherein said voltagegaupling/decoupling device
conprises: a voltage driver having an output, said voltage driver operative
to generate a first or a second voltage signal; and a capacitor having a
first termnal and a se ermn . Sa irst ] o e o said
driver output and said %%Q%n%ﬁ%gﬁﬁg% féc%%%ée%gt%ﬁgéf%@?#?s%ggég??é l'ine.

3. The mamatyr@eyé Tk aid ctai sa2d whes esensai smpfifsér aAnghdecond vol t age
signals are of different voltage swtching gnitudes, opposite sw tching
transitions, or both. 453¥heVokh?9§ ﬂ%@?%%“g? REAR INJNEPRIRS 2' 8 FEB 2007

-28 said £hhstedighitdddechso COMPhe: 1o S@| gl oneingenory cell and to said
one sense anplifier; and said voltage coupling/decoupling device couples

voltage onto said first digit line. 5 The nenory device of claim1 wherein:
said first digit line is_coupled to,said on |ifier and serves as

a reference digit IThe; and "SEPHY VOFYhyR %gdﬁfgﬂgfﬁgggﬁﬁ?fﬁb devi ce

decoupl es voltage from sghdyfrisstdipiit!inge Bs JdbgpreaOEy gdgviicenef claim
1 wherein said nenory device is a dynani c random access nenory. 7. A nenory

devi ce covprssiatelbf hervaydceerves asgitrefaecrerpiegitolsaed anénory cell ;

said voltage coupling/decoupling device

decouples voltage from said first digit line.

6. The memory device of claim 1 wherein said

memory device is a dynamic random access memory.

7. A memory device comprising:

a memory cell; a digit line coupled to said
memory cell;

a sense amplifier coupled to said memory cell
via said digit line; and

a voltage coupling/decoupling device having an
output coupled to said digit line wherein said voltage device
couples voltage onto said digit line after said memory cell

is accessed and before said sense amplifier is fired.

8. The memory device of claim 7 wherein said
voltage coupling/decoupling device comprises:

a voltage driver having an output, said
voltage driver operative to generate a first or a second
voltage signal; and

a capacitor having a first terminal and a
second terminal, said first terminal coupled to said driver

output and said second terminal coupled to said digit line.



a sense anplifier coupled to said nenory cell via said digit line; and a
vol t age coupl i ng/ decoupling device having an output coupled to sgl¢9@
line wherein said voltage device couples voltage onto said digit Ilne a ter
said nenory cell is accessed and before said sense anplifier is fired. 8.
The menory device of claim7 wherein said voltage coupling/decoupling

devi ce conprises: a voltage driver havidfy -an output, said voltage driver
operative to generate a first or a second voltage signal; and a capacitor
having a first termnal and a second termnal, said first term nal coupl ed
to said driver output and said second term nal coupled to said digit line.
28 FEB 2007 - 29 The nory device of claim erein said, first and
second vol t age S|gﬁ%1s a?%@o@e ?Ye¢%ﬁ&c%oﬁﬁaﬁ%@l% t'¥he hel reddi € udes,
opposi te §f!§ﬁ*ﬁﬂ&1ééé%ﬁﬂtﬁgﬂ§ag9r51ﬁﬁﬁfb dfe JPedf?ﬁ@féngebe€a€$ claim3
wherein said nenory device is a dynam c random access nenory A nmenory
devi ce coswpxtcshng; ragiehbege sel dppes seasewapphifg efraospt Eonsp osvai d nenory

cell; it line coupled to said sense anplifier; and a voltage
coupllng/ upl i ng device having an output coupled to said digit line
wherein said voltage device decouples voltage fromsaid digit line after
said menory cell is accessed and before said sense anplifier is fired. 12.
The nmenory devi ce o0 ¢l aflhe 1menpry edavises dof v@l@dge8 colupT ¢ hy/ B_EBupl i ng
devi ce cqggg S 1 ag h d voltage driver
operative é%%ﬁ%? gg £ |€s hgﬁ{csg%%n %%§§£%?§§% and a capacitor
having a first ternlnal and a

11. A memory device comprising:

a memory cell; a sense amplifier coupled to
said memory cell;

a digit line coupled to said sense amplifier;
and

a voltage coupling/decoupling device having an
output coupled to said digit line wherein said voltage device
decouples voltage from said digit line after said memory cell

is accessed and before said sense amplifier is fired.

12. The memory device of claim 11 wherein said
voltage coupling/decoupling device comprises:

a voltage driver having an output, said
voltage driver operative to generate a first or a second
voltage signal; and

a capacitor having a first terminal and a
second terminal, said first terminal coupled to said driver

output and said second terminal coupled to said digit line.

13. The memory device of claim 12 wherein said
first and second voltage signals are of different voltage
switching magnitudes, opposite switching transitions, or

both.



second termnal, said first termnal coupled to said driver output and said
second termnal coupled to said digit line. 13. The nenory devi ce%)gfl; P'Zﬂ’d?m
12 wherein said first and second voltage signals are of differen vg tage
swi t chi ng nmagni tudes, opposite switching transitions, or both. 2'B FEB 2007
- 30 14. The nenory device of claim1l wherein said nenory device is a
dynam ¢ random access nenory. 15. A net3dod of operating a nenory device,
said nethod conprising: applying a sane voltage to first and second digit

| i nes; accessing an electrical charge stored within a nenory cell via said
first digit line, said accessing resulting in said first digit |ine having
a first digit line_bias voltage; capacitively decoupling a voltage from
said second digit 414ne The JaiErat deyiGseoHd didgint 13 M oisdd satd age; and

restorin ri.cal i | edeterm ned | evel .
gne«?f{ogéi 'd céhad gaeva%;e};ag@ncdsal W a&&lds b

16. The neth claim15 restoring conprises: conparing the
vol tage difference between said first digit line bias voltage and said

second digit line hias _voltage; d restoring electrical charge in said
menory cell to a ng‘gdetpérn?ﬁtﬁgﬁi Igeqp%‘?etﬁnsga?ad Wq%ﬁqjﬁq% equal s a
t hr eshol Ghethbg %ggqtﬁqﬂ;pf claim 15 wherein said capacitively decoupling
a voltage fromsaid second digit line reduces said voltage applied to said

second digit line. 2 1 FERPIROOW a same IR1tagretitod ofstopardtierpred nenory
devi ce, %@é&t lines;

accessing an electrical charge stored within a
memory cell via said first digit line, said accessing
resulting in said first digit line having a first digit line
bias voltage;

capacitively decoupling a voltage from said
second digit line to generate a second digit line bias
voltage; and

restoring electrical charge in said memory

cell to a predetermined level.

16. The method of claim 15 wherein said restoring
comprises:
comparing the voltage difference between said
first digit line bias voltage and said second digit line bias
voltage; and
restoring electrical charge in said memory
cell to a predetermined level when said voltage difference

equals a threshold.

17. The method of claim 15 wherein said
capacitively decoupling a voltage from said second digit line

reduces said voltage applied to said second digit line.



met hod conprising: applying a sane voltage to first and second digit |ines;
accessing an electrical charge stored within a nenory cell via S?'B‘ngE‘B'fUW
digit line, said accessing resulting in said first digit |ine having-a
first digit line bias voltage; capacitively coupling a voltage onto said
first digit line to generate an increased first digit line bias voltage;
and restoring electrical charge in satd3henory cell to a predeterm ned

| evel . 19. The nethod of claim 18 wherein said restoring conprises:
conparing the voltage difference between said first digit |line bias voltage

and the voltage of s@id segedHoddb@i bpkiaeingnd mesbeyi agvete¢t kheal charge
in said nenory cell to a predeterm ned | evel when said voltage difference
equal s a PRERRACFANPPOS1ITHE met hod of claim 18 further conprising

capacitively decoupling g e_f saj o] o]l L.pe enerate a
second digit line bias v%??g %ags%iéggécg%gt§§§g?g ?#%éEb%gg 38F§%§e | ess
than saiddigistlingst |[ine bias voltage. 21. Menory apparatus conprising:

means for applying a sane voltage to first and. second di lines; 2 B FEB

It
2007 - 32 nmeans for acBESSFAYTEn3BI 8 ??FEéFa&hﬁP@EgesF68§8diHléhﬁﬁnﬁry

cel | couphedotp said @iéséagagtgr%kn@igiﬂeﬁﬂﬁef0§a§ae§EE89s9ﬁgianeaSing a

vol tage difference between sai irst "and second digit |ines"wherein said

second digesultine Vol sage Firbowdigihahisai davingtadfgrst] dhgitolinge; and
means for restorigggsaid el ectrical charge in said nenory cell to a
Y

predetern?h%% Ye F

ih response to said
capacitively coupling a voltage onto said

first digit line to generate an increased first digit line
bias voltage; and
restoring electrical charge in said memory

cell to a predetermined level.

19. The method of claim 18 wherein said restoring
comprises:
comparing the voltage difference between said
first digit line bias voltage and the voltage of said second
digit line; and
restoring electrical charge in said memory
cell to a predetermined level when said voltage difference

equals a threshold.

20. The method of claim 18 further comprising
capacitively decoupling a voltage from said second digit line
to generate a second digit line bias voltage, said second
digit line bias voltage less than said first digit line bias

voltage.

21. Memory apparatus comprising:
means for applying a same voltage to first and

second digit lines;



vol tage difference reaching a threshold. 22. An electronic system
conprising: a processor; a nenory controller; a nenory circuit Cﬁﬁ&%b hﬁg:
at least one nenory cell, a sense anplifier coupled to said one #r ?
cell, at least two digit lines, one of said two digit lines coupled to said
menory cell and both of said two digit lines coupled to said sense
anplifier, and a voltage coupling/ decowd i-ng devi ce having an out put
coupled to one of said two digit lines, said voltage device capacitively
coupling voltage onto or decoupling voltage fromsaid one of said two digit

lines after said menory,cell {8, agcessed,and, hefore pald sgpsge anplifier

is fired; and a plurality of signal buses toupling said processor to said
menory caattomdd eirn andnesed ty nesbl ycouphed ot d esaid Sarst nbhopiy timeuit. 23.
The system of qgain122 wherein said menory cifcuit és 2 q¥nanic random
access Oor creatling or 1ncreasing-a voltage difrerence between

said first and second digit lines wherein said second digit

line voltage is lower than said first digit line voltage; and

means for restoring said electrical charge in
said memory cell to a predetermined level in response to said

voltage difference reaching a threshold.

22. An electronic system comprising:
a processor;
a memory controller;
a memory circuit comprising:
at least one memory cell,
a sense amplifier coupled to said one
memory cell,
at least two digit lines, one of said two
digit lines coupled to said memory cell and both of said two
digit lines coupled to said sense amplifier, and
a voltage coupling/decoupling device
having an output coupled to one of said two digit lines, said
voltage device capacitively coupling voltage onto or
decoupling voltage from said one of said two digit lines
after said memory cell is accessed and before said sense
amplifier is fired; and
a plurality of signal buses coupling said
processor to said memory controller and said memory

controller to said memory circuit.

23. The system of claim 22 wherein said memory

circuit is a dynamic random access memory.



