Bl AS SENSI NG | N DRAM SENSE AMPLI FI ERS Background of the invention
This invention relates to bias sensing in DRAM (dynam ¢ random access
menory) sense anplifiers. 5 More particularly, this invention rel ates
to inproving the refresh performance of- DRAM devi ces. As a
result of charge | eakage from DRAM nenory cells, sense anplifier

devi ces sense (or sanple) and restore electrical charge within each
of the nmenory 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 with the bias voltage on the digit Iine
connected to is the nenory cell that is accessed (i.e., read).

If alogic "1" is stored in the accessed nenory cell capacitor, upon
accessing the nenory cell, stored electrical charge fromthe
capacitor is shared with the digit line. This slightly raises the

vol tage 20 on the nenory cell digit line relative to the reference
digit line bias voltage. The sense anplifier detects this voltage
change and applies a suitable voltage (e.g., Vcc) to the nenory cel
digit line such that the nenory cell is recharged and restored to a
full level 25 of electrical charge. - 2 - If alogic "0"
is stored in the nmenory cell capacitor, upon accessing the nmenory
cell, the absence of storBEAR| FRISTNGIN PR SENAEL WEPIGXIEBBt or 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
menory cell digit line relative to the biased reference digit line.

The sense anpllfbggpéggﬁwﬁgithﬁs-Mgghggg“change and applies a ground
(CND) signal to the nennrﬁ éh% SO i0 hat t he accessed
mermory cell is fully disc QFBeH‘“fer on FSS?EeS o ! bids sensing in

DR2M (dynamic random access memory) sense amplifiers.
's More particularly, this invention relates to improving

the refresh performance of DRAM devices,

As a result of charge leakage f£rom DRAM
memory cells, sense amplifier devices sense {or sample]
and restore electrical charge within each of the memory

120 ceélls of a given DRAM device. In order to- sense and
restore the electrical charge of a memory cell that is
connected- to a particular digit lihe, 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., Vecc) to the memory cell digit line such that the
memoxy cell is recharged and restored to a full level

25 of electrical charge.



The refresh time or interval between sensing (i.e., reading) and
restoring the electrical charge wwthin menory cells is |limted to the
bias voltage is level applied to the reference digit |ines. For
exanple, a DRAM nenory cell holding an el ectrical charge
representative of alogic "1," is sensed after a finite tine interval
(refresh tinme). The sense anplifier then determnes that a logic "1"
Is stored in 20 the nenory cell and restores its electrical charge to
full value. However, if this refresh duration is too |long, the
electrical charge stored within this nmenory_cell will degrade too
much. Wen this occurs, the sense anplifier erroneously determ nes

that a logic "0" 25 is stagy J{[éﬁeonemr%o%ldl 1nTﬁ}&t§1m+rﬁor§r0€§1ﬁ0t
restore the nmenory cell electrlca charge to its ful g’
logic "1"). capacitope UpPB RECESGANY F’%WC’E@I feld orthfy 2RSEBGEC
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provi di ng an Pncrease I'cal™ cha egra on in
the nenory cell. (H(-)ﬁeveqﬁgl%oﬁé’knom menory devi ces; such as
disclosed in Lee et al: UdhePatfrésiNtimb, 301 @68valr beewthe senistiage

on both the refergng_e aﬂ% W%§e%1 %r§ éltﬂg @&Eclﬂc%ﬁlt ; éﬁi gher

potential. tolt |s al's JC%InQ udlng r‘mgmam)r | s on
the digit |ines BEE m%%ryehle%. dimiped o Eheobragevebrageny
particul ar refser bavel dagplidd he than mMederedoeedidic ldniesve Fdwe refresh

per L o[) rr:an;:e Eyl gggmﬁf&%g 4 HrAMPh&RoMP Icedg ensidiRs Ae! d1lep¥fldan the
probabiiity o Ogarge representative of a logic "1," is sensed after a

finite time interval (refresh time). The sense
amplifier then determines that a legiec "i" is stored in
20 the memorxy 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 "on
25 1s stored in the memory cell. Thus, it does not
restore the memory cell electrical charge to its full
value (i.e., logie "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 dxops below the
reference digit line bias voltage. Otherwise, the DRAM
device erroneously detects a logie "0." To aveid this,
the interval between refresh times must be reduced.
However, by reducing the interval between refresh
3s times, the power dissipation within the DRAM device
undesirably increases. This becomes progressively



i sdetection increases (increasing reliability), and therefore, the
required tine between refresh operations increases.

However ,

the inclusion of dumy cells inefficiently uses fabrication

area, which is particularly undesirable in light of the trend
towards smal |l er

For exanpl e,

DRAM array devices with 20i ncreased nmenory capacity.

Etc et al. U S. Patent No. 6,169, 701 discl oses the use

of such dummy cells. In view of the foregoing, it would be
desirable to provide inproved refresh performance i n DRAM nenory
devi ces by varying the threshold or bias voltage used in the sensing

250per ati on.

Summary of the Invention It is an object of this

I nvention to provide inproved refresh-perf ormance i n DRAM nenory
devi ces by SOv%ééing the threshold or bins voltage used in the
sensi ng oper a@y

DRAM devi ce i#s phevi deystibslt ddasndopt Wdeakedse.of Bylimgiducidgneseand a

plurality of %gnégr&i%;fﬂéqﬁe ¥R GoRaeh SaRseiddihtbieh %étv&%ﬂpl ed

to 35an adjac§9t

i nes
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i ncl ude

ematic as DRAM meyGYY d/aEWE aHEKEeARS H REMY%Yy caRdcdhy a
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5 providing an increased margin for electrical charge
degradation in theé memory cell. EHowever, some known memory
devices, buch as disclosed in Lee et al. U.S. Patent

No.

5,701,268, drive the voltage on both the reference and

sensed memory cell digit lines to a higher potential.

10

It 1s also known that by including duvmmy memory

cells on the digit lines of DRAM memory devices, the bias
voltage for any particular reference digit line can be
reduced to improve the refresh performance. By reducing this
bias voltage (threshold level), the probability of logic ¥1®

15 detection increases {increasing reliability), aﬁd therefore,
the required time between refresh operations increases,

However, the inclusion of dummy cells inefficlently

uses fabrication area, which is particularly undesirable in .

light of the trend towards smaller DRAM array devices with
20 increased memory capacity. For example, Etao et al. U.S.

Patent No. 6,169,701 discloses the use of such dumny 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 operation,

Suymmary of the Invention

Tt is an object of this invention to provide

improved refresh performance in DRAM memory devices by
30 varying the threshold or bias voltage used in the sensing
operation.

In accoxdance 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

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



-.4 - device also includes a first voltage coupling/decoupling device
havi ng an out put coupled to the first digit line and a second

coupl i ng/ decoupl i ng devi ce having an output coupled to the second
digit s line. The first voltage coupling device capacitively couples
a voltage onto the first digit line and the second vol tage coupling
devi ce capacitively decouples a second voltage fromthe second digit
line, wherein the first digit line is an "active" digit line and the
to second digit line is a "reference" digig Jine. Thi s
enbodi ment preferably operates as follows in accordance with the

invention: an el efdviceahlBbasndnldedds firstppbleshd o the first and
second digit |ines. Iil.ectri cal -charge wthin,.the mer{%r cell .i

I S
accessed such t hefOURIdOR/ PREPIRME, BELICE PRYLBE At S@RhetRYsE to
menory cell and tthe fiirst digit lingeangeneesphéoceardliingy deeainlikiane

bi as vol tage. Af tﬁvi@@h@ﬁﬁ?%\ﬁ%p{l@ anfasacts Ml RABnASaigit
capaci tively decaupl ed é@pn# he second digi .Iqu .cau3|ng a!io
reduction in bfastfitadd® ﬁ?hﬁ@%ﬁs‘é@ P s Feort o8 CEREF Ve i n
order to restore dgdwleiscet vottdgs loatgetiea fikret ndigity ldak| and tides

desi gnated charg FE ook | Q831G e Qavacs 3 nde &SAdIBNt
of a DRAM devi ceesiérgggeg%gg?%%nc%@\}mg?% thggienéa%ﬁ r%%%gg fa?rs_t %r?gg'

second digit |ineecod ¥elhpge R Shfomg: gt yherer &he
and first and sechingtvdligagel touplsi ag/ texdypli digiteviites andhtend i r st
and second digpt JdRed BRYL: 21 4dd'8 CONARHARce TRt $linand 30

second transi stors each have, a fi termnal. The second

r§t, and se%f%ndb
térmnal of the first tranStst S ROGPrRs RAEIEREPTY (RPSIGHAECET on of
the first digit |faldowandntbeconiocd vithithe iptertiorse@ondlectrical

transistor coupl g5id0vbeabé NEs GRpIgeki @ 1ok thessaandedbihtaBpie
line. -5 - lines. Electxrical-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 "o").
A second ermbodiment 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
36 second transistors each have a first and second
terminal. The second terminal of the first transistor
couples to the line commection of the first digit line,
and the second terminal of the second transistor
couples to the line connection of the second digit
35 line.



Each sense anplifier has a first and second sensing connecti on,
wherein the first sensing connection couples to the first term nal of
the first transistor, and the second sensing connection couples s to
the first termnal of the second transistor. Each of the first and
second vol tage coupl i ng/ decoupling devices has an output, wherein the
first coupling/decoupling device output couples to the first sensing
connection and to the first termnal of the lo first transistor, and
the second coupling/decoupling device outpgt_ couples to the second
sensing connection and to the first term nal of the second

transi st or Thi %aggcgé}&eeﬁhﬁﬂim nRkef efahity apResalfs as

follows in accordance . with t L hven is 25 applied to

the first and secﬁﬁHSﬂF%|‘f°r1nFﬁ'é§°n'El gﬁfﬂrbgﬂhecﬁé’f%e SEHHPA the nenory
cell is accessed sumhethitn ebeples ¢al thtakigsts harnimegloedukle bEimwen
the memory cel | aBdahbsstakstnd tid sEbBﬁd 808681 Lo ichSLoth tld

| ine bias voltage, Affer menos I s accessed, the first

i sol ation transi st8r the E’vﬁsttcﬁﬁ‘ff“ 158 t% SHTETE| ‘Fﬁn%‘eqr’fé’an Each
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couples to the seco } I ne irst and second 25 isol ation
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memory cell and the first digit line, generating a

first digit line bias voltage. After the memory cell

20 is 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 "o*}.



FIG | is acircuit diagramof a first enbodi nent of a DRAM nenory
circuit according to the 10 invention; FIG 2 is an

el ectrical representation of a first enbodi nent of a coupling network
according to the invention; FIG 3 is a circuit diagramof a second
as enbodi rent of a DRAM nenory circuit according to the invention;
FIG 4 is an electrical representation of a second enbodi nent of a
coupling network according to the invention; 20FIG 5 is a timng

diagramillustrating various signal voltages corresponding to the
refresh operation of a DRAM menory sense~afrptifier according to the
invention;, FIG 6 is tim n d|a |Ilustrat|ng 25 applied signal

vol t ages for CoupH=+¥ romdigit lines during
t he sensing of a rrermry ce1rhe eammedam@ cmhetmebgecﬂentarm admadtages of

FIG 7 is a bl Oth}fH %.gﬁ%g\:%n %:@iﬁ)@”&}%ﬁ@f& tnﬁﬁéﬂqais%.%etﬁ%lon oq_h

I nvention. 30 Det Scription
i nvention provi déspRAWeEiag dghRiled e‘?e%‘é‘iﬁP&égnw%B&‘qrhﬂr‘bved bi as

sensi ng. Theses s&fmgtﬁiwlbﬁlﬁﬁ; ithel aldmmhhyﬁmgnafatdmgsc,esinf whieht her
capact ti vel v decoupld ne(oLhaghLhoplrt olerenes’s hdidarty 11 nes
capacitively coupling vo ages onfo "ac

throughout and in whlch

FIG. 1 is a circuit diagram of a first
embodiment of a DRAM memory circuit according to the

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 accérding 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 wemory sense amplifiex 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 Tnvention
The invention provides DRAM sense amplifier
devices with improved bias sensing. These sense
amplifiers include additional devices for eithex
capacitively decoupling voltages from "reference" digit
35 lines, capacitively coupling voltages onto "activer



dijgit lines, or both. Note that a digit line attached to an accessed
menory cell is designated as being the "active" digit line. Adigit

| ine adjacent to the "active" digit |ine and sharing the sane sense
Sanplifier is designated as the "reference"” digit line. Therefore,
"active" and "reference” digit lines dynam cally change 'based on
which of. the two digit' ||ines is coupled to an accessed nenory
cell. By decoupling voltage froma reference digit line, or by
tocoupling voltage onto an active digit line, or by both coupling and
decoupling voltage onto and fromthese digit |lines, bias. (threshold)
vol tage sensing by the sense anplifiers is inproved. FIG 1 shows a
DRAM sense anplifier circuit 100 withtn?” @ DRAM array, wherein sense

anplifier 100 i % §:9§”iﬁﬁfa§d cJtrobé};‘_[hoal ﬁot%t Sﬁldé aCfé Jfgggn%eaﬁggeé 02, 104

through a pair I SO ransj lifier

100 i s coupl ed tt8 H GecepsetmeTRry; APbudR fardoRateshas keisEstey 108 and
20coupl ed to di gattivienedddt Limough digih:alimnaﬂjmatstd)lthé%

aggLatlon transmg&@mmﬁoai@§§liﬁg@baagﬁngg Qﬁmlg%%b Fln Eern1na
anpl i 11 er 160, pupfialel e MatoessR e bRl Serdiath BT Tsad. 1070
wherei n terni naIT &@fﬁrEon??é’&ﬁLEe"t dnd csigrenas™t digiteldm™® and ter ni nal
107a coupl es t odgeavsgadhy|dhiange -HE@6A on which of, Bat Bwo syilgati on
transistors 106126 188cAufe0RS Q! h@sbaBYa delk} iceh@Velpygat e’ dri ver
110 that decoupling voltage from a xeference digit line, ox by
10 coupling voltage onto an active digit'line, ox by both
coupling and decoupling voltage onto and from these
digit lines, bias' (threshold) voltage sensing by the
senge 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 linme 102 through isolation
transistor 106. Isolation transistor 108 has
terminals 10%a, 1095b, wherein terminal 108bh conmects 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 107a couples to
sense amplifier 100.
Both isolation transistors 106 and 108 axe
controlled by a multi-level gate driver 110 that
30 similtaneously applies suitable drive voltages to
respective terminals 112, 114 of isolation
transistors 106 and 108. The drive voltages switch the
isclation 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 commected respectively



30si mul t aneously applies suitable drive voltages to respective
termnals 112, 114 of.isolation transistors 106 and 108. The drive
vol tages switch the isolation transistors 106, 108 ON or OFF to
control the electrical isolation between digit |ines 102, 104 and
35sense anplifier 100. A plurality of nmenory cells such as nenory

cells 116 and 150 are connected respectively - 8 - to digit lines
104 and 102. For clarity, only nenory cells 116 and 150 are shown in
FIG 1. Menory cell 116 includes a transistor 118 and a

capacitor 120, wherein the gate of transtsior 118 connects to a

wordline 122 (W) w {.hi.n Te ransi st or
118 connects to dife e %‘15%%[)5@4 d% wﬁ‘gFe'i?Jna’i]i%é' roffef WP T
capacitor 120 ' ieeldrsodiddednd THH erbeshdvay iNELG126 of transistor 118

connects to digit line 104yegd,-nQde; 175 3.%%ufié§sé t‘ﬂﬁln%ﬁgﬁor 118 and
coupl i ng/ decoupl i ng devE%e 130 i s_al sp cqnnecte ﬁ% i ne 104.
Vol t age coupl i ng UEARKE 13D %%%1d@€§eﬁ“8§ﬁbﬁPﬁ§/ éﬁ@ﬁ%ﬁﬁ °Eé5§b|tor
134 and a signal crinestsdévi gevch®2in€ali (i) % 3Yhizoriibec DRAN Gitrizgy.

out put of is signaleydhiMen2433¢ actraneﬂétaéﬁifsnéoﬁﬂémﬁ;tt% bledigH tlod | ne
104 at node 138. Node 138 is th out

ut. o
coupl i ng/ decoupl | FRPAFRCEe 1430 W Rr§é \P(‘}?f’te %g‘idifpﬁaﬁ’@%%%&m ng
device 140 i s commgeandeddi dgilte Ioi:her m:nm@ﬂt 2@ ob toewmplistgr dans ce

140 i ncl udes Capa&dr&@ctyéoa@%@c §880Nh S %&ahoéé'i’ﬁé device 142.
Capaci tor 144 connects to th %%:ng of 5| ﬁi& dr ver 42 at node 146
and connects £8 digit Iine®1 ROERY e/ e output of

vol t age coupl|ng/dkﬂmm@pﬂﬂnglskamspeCQnﬁEcted to dlglt llne 104,

Voltage coupling device 130 includes a
coupling/decoupling capacitor 134 and a signal driver
device 132. Capacitor 134 connects to the ocutput 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 comnected to digit line 102. Voltage

20 coupling device 140 includes capacitor 144 and a second
signal driver device 142. Capacitor 144 connects to
the ocutput 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 transistor pair having a
first PMOS transistor 158 and a second PMOS
transistor 160. The N-sense amplifier includes a cross

30 coupled NMOS transistor paix having a first NMOS
transistor 162 and a second NMOS transistoxr 164. The
first PMOS transistor 158 and the f£irst 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



25Sense anplifier device 100 includes an N-sense and a P-sense
anplifier. The P-sense anplifier includes a cross-coupled PMOS
transistor pair having a first PMOS transistor 158 and a second PMOS
transi stor 160. The N-sense anplifier 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
transi stor 162 share a common connection 178 that couples to digit
l'ine 102 through node B and isol ation 35_tgansistor 106. Second PMOS
transi stor 160 and second NMOS transistor 164 share a comobn sensing

- 9 - connection égﬁné@@ioxp‘i‘é@' @ﬁatt QOﬁiLb'ﬂisI tlol Efgﬂ@“lltﬂé’ Q'dghtlmﬂfglﬁ
and isol ation transistor f nnﬁﬁ connecti.on 166 between
NMOS transistor paPfe 1%2311‘516'&" 3Ly "qusf‘s PEstle at A/GEPFOR RS { he
supply rail). Thecénheskeime 1aapbetvieen FMOS' ﬁ:n.‘aeelismr atiirvased 184 is
connecting Com“nafﬂélffrﬂl%%&o&t %@@/50 rlchEHeVé@pﬁl R84 N The

transistor 168. This effectively § e conmpn. node. connecti on. 166
fromVcc/2 to §r oﬁnﬁe?%‘?/)ampléffﬁ??d‘rsl y Ao FRoACHBERE b he EORF Biny
| o between PMOS t comsestardepebnndd8onlbés ite goousd |yiditasedd aiN about
Ov (ground). The Prarsss &Mlgif | efhfbseffécftﬁ%lgu @Ptd V3Lldofion node

connecting common node copnnectign } rail) via turned
ON transi st or 172°°%‘?%t369’f &66; FE VEE( $ £4 ﬁé [viv) D v)n'ode i s
connection fromOV to Vcc. Similarly, a Gumongnbie smmsiatgocant7o

restoring opergt 'B@twé’@& fbﬁd@%%ﬁﬁ@%@:%&ﬁ%@%fs@% IdzRa g1 PN €

fired sequentlalb\é ‘% sense a A fired" flrstf
fol | owed by the PPLRFT %ﬁTﬁE’PPFe?V (grouha). ' ‘the B-seuise amplifier is
»fired® or activated by comecting common nede )

connection 170 to Vce (supply rail) via turned ON
transistor 172. This effectively pulls the cowmon node

15 connection from 0V toa Vec.

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

20 Note that for illustration purposes only,
digit line 102 is designated the "reference" digit
line 102 and digit lipe 104 is designated the “actiwver
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 "activer digit
line 104 can be accomplished by either decoupling
woltage 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



20Note that for illustration purposes only, digit line 102 is

desi gnated the "reference" digit line 102 and digit line 104 is
designated the "active" digit line. Voltage coupling/decoupling

devi ce 140 decoupl es a percentage (or fraction) of voltage from 25
the "reference"” digit line 102 to reduce the bias voltage on this

| i ne. Vol tage 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 hiyne. 30Thus, an increase in
the voltage difference between "reference” digit line 102 and

"acf{ve" ?Iglt |I$@hﬁﬂ}%gcaﬂ aﬁtdﬁﬁm@ﬁgag%hﬂdOEy?EPadMﬁﬁ | cougllng

ol tage from"refer Q e to

gct i vg" digit |i%&4 1%8‘5‘ /8?0%6?% ?O.ﬂufl g gp { "% o Whethex
"reference" digitthéire cpezesmhct;lmpﬂugy: \ﬂelneager@rﬂ&ﬁlm@ttnevleas dieging
Vol tage coupli ngl Smoaka g S aoRgols JRSEUEAAY Bt Tl i
corregpondlﬁg a?glt Ilﬁes g}% d%§%6ﬁ5t%&l%§ £F%§P ‘“ﬁ?@?@épe

line or a "referepbe'valitgie ¢oupling/decouplingFieyice shipwWdGanl

el ectrical repr ese&&ﬁtdeoﬂa@fof heoyol t age Geupl L Hed d&iﬂ&iltlaﬂged@dld G
of FIG 1 (device_13 . The d t i citance 2

denoted by Cdi 9f | 9§%°%% %Layl =%F@%tﬁq I? ?éhﬁ gﬁyeﬁegge%F aﬁ?t%r
having a first corepsstiton havingjia flirab cogecoiomda daidndine 206
connection to,grosiel.a E'&Qoﬁ'& OkdnrlecReof AR Grioana e "ﬁlé‘cﬁlﬁtf abpd cated

component such, s SQUBLERAYL 5 L0 EeRRRLL LRl doncty

circuit d|agran1o¢oqgh3ngidecoup11ng capacitor 210. It is 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 texminal 212 receives a coupling/decoupling
drive voltage signal (V) from a voltage driver device
ox signal scurce. 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:

e
C-.+C

digitline

4 VNODE x A Vc_l;[_ {1}

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

capacitor 210, Cyginine 15 the capacitance 204 of digit

line 206, and AV, is the voltage switching magnitude



15Coupl i ng/ decoupl i ng capacitor 210 has first and second connection
termnals 212, 214, wherein first connection term nal 212 receives a
coupl i ng/ decoupling drive voltage signal (Vn froma voltage driver
devi ce or signal source. Second connection term nal 214 20 connects
to digit line 206 and thus to the first connection of the digit |ine
capaci tance 204. A capacitive network is therefore forned between
coupl i ng/ decoupl i ng capacitor 210 and digit |ine capacitance 204. By
appl ying a suitable 25 coupling/decoupling drive voltage signal 067nD
to connection termnal 212, voltage can be decoupled from or coupled
to, digit line 206. This is also shown_in equation (1) below cc .11
V NODE - CCX V cmCdigirline (1) - ere AV, isthe change in

vol tage on di gi %eﬂéﬁ%ea%j 80 &dn i&éﬁ&@ W&’ﬁd} td%%@ Rhitage
coupl i ng/ decoupl’ | ng .capaci t or 218 SI?‘I I's the capa0|%ance 204 of
dight |ine 206, SHTRIANmd -vATBges St & HITESTRRA| FARIEOVGN: at od by
t he coupl i ng/ deeeisiecaAgp Hngveransss alje mergdakaid, n). FIGS. 5 and 6
illustrate the coupling cuagatBepunt id1@cPERae Steprasei=2 168t | .
5 FIG. 2 with coupling/decoupling devices 130, 140 in

FI&, 1, coupling/deqoupling capacitor 210 is equivalent

to cbﬁpling/decoupliné capacitors 134 and 144:"Also;

Ve, 18 generated by each signal driver device 132, 142,

whereln signal driver device 132 generates a first

10 drive voltage signal (Veg,) and signal driver device 142
generates a second drive voltage signal (Veu,). The
voltage switching magnitude AV, generated by both
drive voltage sigmals (Vi) provides the necessary

- signaling foxr coupling or decoupling voltage onto or

15 off of corresponding digit lines 102 and 104. The
capacitance (Cygerisne) 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 sigmals (V.;) are received by
coupling/decoupling capacitors 134, 144, respectively.
The switching transition directlon (Iow-~to-high ox
high-to-low) of the voltage switching magnitude AV,

25 detexmines whether voltage is coupled onto or off of
the digit line. ‘Thus, the change in voltage on the
digit line {AVy,) depends on whethexr a voltage is
coupled to the digit line {increasing its bias
voltage}, or whether a voltage ig decoupled from the

30 digit line {reducing its bias wvoltage).

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

35 decoupling can be achieved., For example, to

decouple 10% of the bias voltage from the digit line,



Conparing the electrical representation of FIG 2 with

coupl i ng/ decoupl i ng devices 130, 140 in FIG 1, coupling/decoupling

capacitor 210 is equivalent to coupling/decouplina capacitors. 134

and 144: 'Also, vnb is generated by each signal driver device 132,

142, wherein signal driver device 132 generates a first aodrive

vol tage signal (VM.O and signal driver device 142 generates a second

drive voltage signal (icsim. The voltage sw tching magnitude aVsm

generated by both drive voltage signals Mj provides the necessary

"signaling for coupling or decoupling voltage onto or isoff of

corresponding digit lines 102 and 104. The capacitance (Crmom ) 204 of

digit line 206 is equivalent to the pakasitic capacitance of digit

| ines 102 and 104. The_signal driyver devjces (132_or. 142) apply the
Hire e

coupl i ng/ decoupFPh 4P URIdNg (RaPgRLaRCe \FPU AL R si gnal | i nes
136, 146, wher eapprexigatedy oot thapbhsilgngl s of\ken) parcenteodi Wed by
fOUFﬂ ! ?9/ deSQUphi@& 0358 Cddpatstahizs. %ﬂevéthSDEQ-IﬂeVQ%yiEthiﬁﬁelsw tching
v T ohi ng magni (IR EoRee AL Bly Dagl, B8 00h 000 e Coupl ad onto
or off of the dF%‘f‘RliF‘FZ%e.cc’Fﬁaé?g CRBACHR JWstnR g glreRgEE malhe di git
line (bmi mm) depesreased, Widcheresnlys|inagier ifabrimaibedt darger di git
line (increasi ngapdca.tbragewiebs afie kne xpuhes Berreuueehy agam S decoupl ed
fromthe 30digi {rlergrt}ecgﬁﬂlﬁgi P idte§i<§§ g§zé/_ol t'age) .
The voltage switching magnitude (AVg.)
10 generated by the sigmal driver device (132 or 142) is
noxmally between ground and the supply rail (Vec) in
order to maximize the coupling/decoupling fraction.
Note that the voltage switching magnitude (AV,y) can be
varied {increased or decreased) between a first and
15 second voltage by the signal driver device (132 or 142)
in ordex to vary the coupling/decoupling fraction,
Both the first and second voltage generated by the
gsignal driver device {132 or 142) are controllably
variable. Also note that wmore than one
20 coupling/decoupling capacitor may be connected between
any given digit line and sigmal driver device.
] In describing the sensing operation of sense
amplifier 100, memoxy cell 116 is comsidered to hold
. electrical-charge corresponding to a stored logic ®1.*
25 Aas previously indicated, during accessing (i.e.,
reading), sensing, and restoring the charge within
memoxy cell 116, digit line 104 is considered the
ractiver digit line, and aﬁjacent digi; line 102 is
considered the "reference" digit line. Aalso, both
ap digit lines are pre-biased at Vec/2 {half the supply
rail) prioxr to firing the N-sense and P-sense
amplifiers.

In order to access electrical-charge stored
within memory cell 115, suitable voltage is applied to
35 the gate of tramsistor 118 by means of world line
(WL} 122. Once the gate voltage is gpplied and



Note, from Equation (1) that by increasing both the capacitance val ue
of coupling/decoui aing capacitor 210 and the voltage sw tching
magni t ude a hi gher percentage (or fraction) of coupling or
35decoupl i ng can be achi eved. For exanple, to decouple 10% of the
bias voltage fromthe digit line, - 12 - the coupling/decoupling
capaci tance should be approximately one tenth (1/10), or ten percent
of the digit l|ine capacitance. However, if the digit |ine capacitance
is relatively large, the coupling/decougl#yg capaci tor nust be
proportionally increased, which results it the fabrication of |arger

capaci tor device : I ' Ity per
devi ce si ze. The§€%%F§§g°§§#$€E?nﬁﬁﬁﬁggﬁgﬁ e %dvgl ?gééﬁgﬁgggd by
the signal driverslf&aFrdeat 1cpnnget 1o 1S §shghliaihief betrween ground and
]Ehe supply rail (8értinklsOrzeanfoiz@0inthe thehicuplki ngsdearnpl Lng
raction. Note t t t |t chi magai LAY, n_
varied (i ncrease?%fre%gfgr%s%g’%e%%% \A‘%‘%nggd?ic?%té%%glfgggegz%on ﬁ\%F?z’.ﬁe
by the signal #ritredigdyi tinq 182 wrch ABpti elepigecalocharge haring
coupl i ng{jdgcouEl | g i‘rrsfaﬁbimn B@ﬁah;:‘tdw( ﬁbu%n@nﬁgs.tcmﬂﬂevmd-agﬁugl
generated by the sj r..ge o r ond I
variable. Also no Oe%'%ate&j%r%t\r&gcfgagnﬂ?o 5 %gé%u‘%ﬁ ﬁ%}:‘ggcgagl&ns&%&%lng
capacitor may be alhlerbivele il ine 104, there will be a slight

inerease in "activer digit line bias voltage compared
1¢ with the bias voltage on adjacent reference digit
line 102. Therefore, a detectable voltage difference
(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 "active=
25 digit line 104. Sensing connection 180 of sense
amplifier 100 connects to node A and therefore to
"activer digit line 104. Thus, the voltage on "active"
digit line 104 is received by the sense amplifiexr's
sensing connection 180, and the voltage on "referencen
30 digit line 102 is received by the sense amplifierfs
sensing comnection 178. Once the isclation 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.



any given digit line and signal driver device. I n
describing the sensing operation of sense anplifier 100, nenory cel
116 is considered to hold .electrical-charge corresponding to a
stored logic 01.1 25As previously indicated, during accessing (i.e.,
readi ng), sensing, and restoring the charge within nenory cell 116,
digit line 104 is considered the "active' digit line, and adjacent
digit line 102 is considered the "reference' digit line. Al so, both
30digit lines are pre-biased at Vcc/2 (half the supply rail) prior to
firing the N-sense and P-sense anplifiers4, n order to access

el ectrical -charge stored within nenory cell 116, suitable

Yplta?azgslggplied t? 35th?hgaﬁfagybet5§§g§fﬁﬂ@gdggg%fgﬁ Hﬁgﬂﬁvéﬁ dggggd
i ne : ce gate voltage is | and _ -, = .
transistor 118 i st 1% ﬁf’ﬁedr%&r%é?%oﬁi}?ﬁegé’ﬁ%em@l &8t Frtafitvely
connection is estsmllkhe@ybédnorersingr hhimlwltade aiiffb2€n0oé, thuth the
transistor 118. ThigsHid aalil ¥R VrHQRER S bl b O veaBRO: tky 1120
directly s to digit_line 104 %ﬁCh th?t eIE%;r cal - char ge sh%plng
occurs bet ween®capRiROARIV SR FPFETTT (R F68. ST 8, OPREATLOR,

el ectri cal - char gefér ewag@peci tieerel ¥ 1di e Hasyi pgolaitid itycef vwehse

digitline 104, thege Milk BEodestdd@BhsiPHBI_LEAg "&kp&:b\éealfw&tinbi'ne
bi as vol tage compar

ed 10 with the bias voltage on adjacent reference
i git Tine 102 THE GRBEEP Ti o ORCDL & 4 (TERGE TR PRACREESATEmory
occurs between digglll i Adsol0as ihe YORtage difference between "active™
' 10 digit line 104 and *reference" digit line 102

increases, the time interval between necessary refresh

operations advantageously increases. This is due to

the bias voltage on "reference® digit line 102 having a

lower voltage threshold, which in turxn allows the

15 electrical-chaxge in accessed memory cell 116 to
further deterioxrate without beccoming 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. However, in accordance with the
corxect operation of the invention, if no chaxge 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 r"reference" digit line 104.

The aforementioned increase in the voltage
difference between "active® digit lime 104 and
rreference” digit line 102 is achieved by activating
voltage coupling/decoupling device 140 such that &

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 limne 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



Once nenory cell 116 is accessed, gate driver 110 applies a gate
voltage to gate terminal 114 is and to gate termnal 112 of isolation
transistors 108, 106, respectively. This causes both isolation
transistors 106, 108 to fully turn ON. Wth 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
anplifier 100 connects to node B and therefore to "reference"” digit
line 102. Simlarly, with transistor 108 in the ON state, an

el ectrical connection is established betwé&n node A and "active" 25

digit line 104. Sensing.connecti 180 of .sen li.fier 10Q .
connects to node tArE%sdt%ltﬁé? ef%é'eq‘trag aﬁ%ﬁt\}iﬁ %fg?:ﬁ% I ﬁﬁér‘iﬁﬁ Phhdas
the vol tage on "aveisege dhgiactived dddgif dipectid @édofhendecrssse in

anplifier’'s sensipgadQrieasé Wh 8QeeBtd NNl NAGR 902" afp&HeRRe” 30
digit line 102 is I‘chEI vedg(t))g t he sepse anplifier's sensing
at

connection 178. CATES fe3f SSREFFAYE Yt ors are in the OFF state,
sense anplifies connecti onthd 7 rmedatBlifies ' & sedmsiod from respecti ve

digit lines 102; d@¢hedd@¥B¥Ciao ! HGsVeLESHRS AR KHPelctIPel biigs 102 and
104 remain stored nodes_A and B and sensing connections 178, 180.
S 14 valledrsi PEGRETh FFoF BRCIRAIRTRRAIS Ak rEengr Yy disine
104 and "ref er encbinati ficom| podesl @2and Belussbectivedynl | PrBoritrr easi ng
of the DRAM devi care o b | TP orsa. Lt or et the. epha ro o manee
gper a'?i on, for?® exgzrfsé",%gf)ﬁser%% ﬁ'l\égb%r? &sugnﬁgi%}%i%c?‘y%gﬁgs%@'
anplifier 100 errawkdusepsal aepldifiingsoara dsodnpt et divory thReparasitic
D OB S O egnadtatee o ant g o, s o npardten, o
't'rgf \é?engg? d: gi tg%engr?g%% é:éasgg?strf'uhee | ﬁgl?l}ﬁlé'r \e?glpqﬁggv%%%age
necessary ref r eshfxePetbobsokabion byeesiater getenddsd, ThAes iBridue to
the bias voltage gy ebenencaisidirgs 1ode 108208V i wa thagein valHeage
threshold, which (-i.'ﬂactt'friEai‘l i%ttllaﬁ 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 line 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
"fired," transistor 162 turns ON, connecting
rreference” digit line 102 to ground (0V). The higher

25 bias voltage on *activer digit line 104 causes -
transistor 162 to start conducting prior to the
conduction of tramsistor 164. Transistoxr 164 is thus
held in the OFF state when transistor 162 tuxrns ON.

Once reference digit line 102 is grounded,

30 the P-sense amplifier is *fired." Upon "firing" the p-
sense amplifier, transistor 160 turns ON and connects
ractive™ digit line 104 to the supply voltage (Vcc) via
connection 180 and node A. It will be appreciated that
isclation transistor 108 must be turned ON again once

35 the charge voltage (Vecc) is applied to node A following

the "firing" of the P-sense amplifier. This provides



is electrical-charge in accessed nmenory cell 116 to further
deteriorate w thout becom ng undetectable. This neans that once the
deteriorated electrical-charge in nenory cell 116 is accessed, the
bi as voltage on "active" digit line 104 is still higher than
reference 20 digit Iine 102. However, in accordance with the correct
operation of the invention, if no charge is present in accessed

menory cell 116 (i.e., logic "0" stored), the bias voltage on
“active" digit line 104 must have a |ower, bias voltage value than
that of 25 "reference" digit |ine 104. The af orenenti oned

increase in the g}! kﬁgstﬂéaflegseﬁeb@&k\@ﬁe&é Aflaird€ " vdi i de ?ﬁ@eﬁ@f‘
and "reference" I 0 I

Igit line 1 i's,achieved by aciivating voltage
coupl i ng/ decoupl A%gae6i L &nf4Factitet Kae1h Wi 1828t i of o¥%er cent age
of the existing riglcdaehoe thagististoneihioZE, iiiid aherge. eoltagECchiz) i s

decoupl ed from I als3hapes A knb! Acdiles dlbih 1ifie deglease In bias

vol tage on "reference %{,t I.ne a he 1 ncrease in_bias

vol tage on "active" digit Withe 188kt Eanststes 308 EurmRf Rhotye
cell 116, achi eveharbesvaldlagegdvdef fiy enppliait teasact Beeaudigyit
isolation - 15 ~.trangistars.108: il : i se.in
bi as vol tage on flél-té'l,%i \E/g‘# d%i%to'I_?ﬁ%&?%ﬂ‘aggdéét]lhleltg%égggri ncﬁi'b.i?Léaks%he
vol tage on "ref e@¥n&katy Gk ackigehoEhg pharyae,vopbage e atRftgve”
respectively. The&igénstimnlodf chatgesarsbny ealneaepaochsod8ko 168 its

receive the regsp hV i ol e 19kt yvey, and
"reference" d?gi ?gllhl ﬁaelgacfal?;% ngg‘gglsyA%%% %%ar%%ss‘gggt %%gl %nglglre?lor to

"firing" the P- &HPef UEhS¥ IAPPYITR e gl MAGAIBOSFPANS ™Y or s
106, 108 are turdgdeCER2 sudhet bhargd eorPantoly seidecapptitoerstarias

i sol ated from t hgJparasiddes aRRACLEANGR efofll Pidic! hARS 102 and 104.

Therefore, gate driver 11Q_renoves the previous pplied vol tage
from both isol ation trans&&o%gﬁa?’é%m , YAy T%llg 5&5'[ 8F9%%ot h

transi stors 106, redstOrFy meselerhricailcheres eti.ei-calogdol B@1)on agfce
nodes A and B angesgf§i (1ICQIReshi 88SeskBa, 4HE dna@@edisBhtihd NE 1104,
I X T
voltage to decrease relative to the "reference® digit
line 102 bias voltage. Once isolation
20 transistors 106, 108 are turned ON, both the "activenr
digit line 104 bias voltage and the "reference" digit
line 102 bias voltage are received by sensing
connections 180, 178, respectively. Isolation
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 ractive" 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
is invention. One difference between the embodiments of

FIGS. 1 and 3 is that in FIG. 3 coupling/decoupling



20 line 104 bias voltage (al so present at node A) relative to the
reference digit line 102 bias voltage is detected when the N-sense
anplifier is "fired." Once "fired," transistor 162 turns ON,
connecting "reference” digit line 102 to ground (Ov). The higher 25
bi as voltage on "active" digit |ine 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 _grounded, 30 the P-sense
anplifier is "fired.” Upon "firing" the Piense anplifier, transistor
160 turns ON and sonnect ive L gi 04 to .the su

vol tage (Vec) via® nﬁi% FFO?‘%‘B(}%nﬁrg caDeImEC%F% W AedsE ﬁpﬁ?‘gayat ed
that isolation tresier Ghanodiraatiiyheo tdigidd 1oneaddien apdced 35 e
charge voltage (Mefg. is applied to node A following the "firing" of
the P-sense anplifier. This_ prqvi an_el ectrical path

bet ween the charge vol tageiﬁr’e@é‘}#:ﬁ?e%dﬂ% FACand SEASE" di git line
104. If the issl atémreatiansist of ssnSFRnplidienalde conineale tic

isolated fromt heteﬁﬁ[ﬂa\ielogé Ht ilsbge I transistor 108WWhh 1’1&% afion
transi stor 108 turned ON %%E: e voltage V]c_J(f: i S sup to

"active" digit | |%Sl(5’lfnhﬁf§30°n c BPPLtEisTsi é)too D418 in the
ON state (W actiisdlatins trensjstev 1@&3eia)rre'facted/d:o éisgiat firste 104

charges nenory celdutCapaekt 9o 12Q~emmatls 113% fo!ﬂl E oG a@ @b codyRiy,

cell transistor 118 i sitogeg# ur neg OFF._ b é % gllaga%e voI tage
fromword |in&® 122P*fe®h gﬁ‘ﬁ%?m? badh B iR now
restored and |sol%ﬁ%d1ﬁﬁon1‘%ﬂ"glntall i3 o 4:011@?1111961&@%#19 menory
cell 116 stores J&aﬁa@mbtvﬂy demebestid oqiutchaaee ddo &t, nb@YIL "0"),

once menory cell 116 is acg s"%%ﬂfyt hgenshl %O%n?ét%r Jgsgf?%%/%eﬁssgy

cause the "active bias Vo

to the "ref erenc@%éﬂ?rl lr(Hb cmzegt%§wd4qragéald=k7én ioforaelaniaro
transistors 1@%, t]:.&&sased:mmdn@l\hoamtm t Imdi'saebhiveart idingbéthddie 104
bi as vol tage and Jhe." L&l e{ENGe g 9:'1-5%748%1% 184 H%lsc&l% s 4

recei ved by sensi % connections respect atl on
transistors 106, §rIre FnaP FuFﬁ‘é‘anQ]flﬂ%dmtiﬁe %‘é?n-seTemmal 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/deccupling device configuration used in
FIG. 3. BAs 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 comnecting them to the digit lines.
"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.

as Coupling/decoupling capacitor 410 has a first
and second connection terminal, wherein the first



25 anplifier is "fired." The decrease in the "active" digit |ine 104
bias voltage relative to the "reference” digit line 102 bias voltage
I s detected by sense anplifier 100. Therefore, following the "firing"
of sense anplifier 100, a ground reference signal is 30 applied
(i.e., OV) to the "active" digit line 104 via node A and isol ation
transi stor 108 (which is ON). To restore nmenory cell 116 (to logic
"0"), the cell nust be accessed, thus, transistor 118 is fully ON
FIG 3 illustrates a second enbodi ment of Ehe 35 invention. One

di fference between the embodi ments of FIGS> 1 and 3 is that in FIG 3
coupl i ng/ decoupl i t

nodgs Agand ra?her t eCtlZ rectﬂg!l 9£§ fué%“?%és Qkﬁpiqggfﬁééaﬁghﬁng

FIG 1. As |IIust@%’t"@dVPﬁtW%51Sna§eH§=ﬁﬂg TR Ghiyedtpgs duyedt de¥pse
anplifier 100 comieciigntl $@idtienal TéHfmall 4i6obftdoapltingédcduplites

via node A Thi's SAIPAELEON PYIRER. 2L R Ehel a8 ks Uent on

transistor 108 is erre rst n1na 236
of coupl i ng/ detoupta Fgreb eapmestisp 984" %ﬁﬁ@@?% pasii§aEl 44 ver 132
(as in FIG 1) Ttatetale 1 38 dzfpaerdt‘lﬁre ngtalecRUD | RgmedpBetwedn 134

connects to "gut- ggg §' %;n r Sensi ng
connection 178 of nsegp I er 1§6pccolr$r?gc%%oto%t m@ng 07b of
isolation is traﬁ§ﬂ§FﬁF°£ ‘%l&hﬁﬁaén§”’fﬁ@%yéﬁﬁﬁﬁéﬁﬂéﬁb5§tmeen sense
anplifier 100 anddwgdliayidecdupddsgsioivd O®licage edigmiaad (Vg Jate second

"gut-node” 302, }fé iRah 4@6 e csaﬁpugﬂie%ﬁsw% %Hg]%&% £o 22 144

connects to sign |ver
coupl i'ng/ decoup! iF} FCHFaERR dte f&&’olfg?ﬁ% J‘é’“‘t o°rgiﬂuﬂ46‘(ﬂ’e't°80tzheat Q%h‘e
B. Fl @ode.sho®Bisaniselhdsbr shawn r:mpeqeetﬁan i{@) béldne

coupl i ng/ decoupling device configuration used in FIG 3. As described
I n the previous paragraph,

Ce
AVyope = C.+C XAV (2)
gut—-node

where AV is the change in voltage on the *gut-node,*

15 C. is the capacitance of coupling/decoupling
capacitor 410, Cgu.nze 1S the capacitance 404 of the
"gqut-node, " and AV, is the voltage switching magnitude
generated by the coupling/decoupling drive voltage
signal (Vegl-

20 Comparing the electrical representation of
FIG. 4 with coupling/decoupling devices 130, 14¢ in
FIG. 3, coupling/decoupling capacitor 410 is equivalent
to coupling/decoupling capacitors 134 and 144. Also,
Vea is 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.g,}. 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 (Cgyrnee.) 2404 is a
parasitic element. The signal driver devices (132



25 coupl i ng/ decoupl i ng capacitors 134 and 144 are respectively
connected to "gut-nodes"” 300 and 302 as opposed to directly
connecting themto the digit lines. "Qut-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 conponent, such as coupling/
decoupling capacitor 410. It is an existing parasitic effect and is
therefore not included in the circuit diagramof FIG 3.
35Coupl i ng/ decoupl i ng capacitor 410 has a first and second connection
termnal, wherein the first connection term nal 412 receives a
coupllng/decoupllng drive voltage signaP {vad froma voltage driver

devi ce or signa 3C Na/ decou n

capacitor 410 c%nﬁie)é&r sgt%él;t%%m% é#ﬁé‘%lg B?% ng gnve p’ﬁtt%er st
connection of " BERHEddVend aphl %6? ’@G&lV%BYe?Wéin%/d@ﬁﬂw%e
network S forne%bim&merﬂ%oapdlmgl damsupbﬁmgimgamaanﬂmioﬂlo and

"gut - node" capagifédtidfl4(106esgiianbor an -)Hoﬂﬁlo@ %@' El?éJ
coupl i ng/ de?O“p%&f&h‘iﬁg"rﬁa#@:ﬁ%%@%%@ m(i\égg)w ! n ﬁ%m nal 412 of

coupl i ng/ decouplI n acl can P24 Y om or
coupl ed to, the®HRIEIMGAL ‘T?ﬁ"? 1pd le'd:|°’§‘0 ghmts Ad Eﬁuat ion (2) bel ow
Cc AV NODE -X A V CSL(Eyuation (@} nﬁhQWGd%hat by vilrereasNiynths 't he

change in vol t aggparithhee "valie rtﬁdeouplliﬁgﬁtecbﬁpiﬂ@ 6%&5@@1% of

coupl i ng/ decoup a ' |tance 404
of the "gut- nodlmh(?gm(ge %\i\:;%#\% lueh % Fa é”“évm {}Eﬁl n magnl We
generated BY t hZ"’éo%BFFh@? dgk h‘bg @i T=E]PBT- %ga-g Rfhal (Vvan).
20conpari ng t heaetisyed; c dfher agvantage sf opnseting

coupling/decoupling capacitors 134 and 144 to "gut-
nodes® 300 and 302 1s that a higher fractionm or
percentage of voltage couplihg/decoupling can be

15 ., achieved., This is due to the much lower capacitance
value of "gut-nodes" 300 and 302. Refeiring to
equation {(2), it can be seen that for a glven magmitude
of voltage decoupling or coupling, the capacitance of
coupliqg/decoupliﬁg 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 axe connected to respective
digit lines 104 and 102, the relatively high

25 capacitance (Cuygirime) Of digit lines 102 and 104
required that coupling/decoupling capacitoxrs 134
and 144 also have a propoxtionally high éapacitance as
well. Therefore, the "gut-node" capacitance provides
voltage coupling with the use of much smaller,

a0 coupling/decoupling capacitors 134, 144. This
advantageously enables the fabrication of physically
smaller capacitors within a DRAM memory device. Also,
for a given constraint in coupliﬁg/decoupling capacitor
size, relatively wmore voltage coupling/decoupling is

s achievable in comparison to coupling/decoupling voltage
directly from the digit lime (as in FIG. 1). This



PIG 4 with coupling/decoupling devices 130, 140 in FIG 3,

coupl i ng/ decoupl i ng capacitor 410 is equivalent to -

coupl i ng/ decoupl i ng capacitors 134 and 144. Also, Vas is generated by
the first or second signal driver 25 devices 132, 142, wherein signal
driver device 132 generates a first drive voltage signal (Vara) and
signal driver device 142 generates a second drive vol tage signal
(Vam). The vol tage switching magni tude AM= generated by both drive
vol tage signals V 30 the necessary signaling for coupling or
decoupling voltage onto or off of corresponding digit lines 102 and
104. The "gut-node" capacitance (Cso="ntid 404 is a parasitic

el enent. The signal driver devices (133 .-19 - or 142) generate the
coupl i ng/ decoupling drive voltage signals (im that are received by
coupl i ng/ decouptdsnyts apaaidocs, ]34 ianbniidrabbe 12wkt higlg ddeansi tion
direction (low B} Hha@rchigh-to wi t chi ng

magni t ude &Si m%ﬁttgi)m @%gc‘ﬁ’%{ib r%ﬁ%ﬁé%ﬁ?ﬁ%%qu qr decoupl ed
fromthe digit Tine>" B Th°F SPUBART/Eer Rl ing

i ncreasi ng t he ¥PPEEFAERC LY al the pBET Faisnghdend fokbag thpaci t or 410

and t he volst agehigber|thehaingre tide  ofagbnaraesd pelesdd agepligos=fracti on)
of coupling or 4lge ;09 can be achi eved. The advant age of

connecti ng coupling/ decqQupl.i itors 134 and 144 to "gut-nodes” -
300 and 302 is that .. h%éhoe]!rdg rg%tjl%%ﬁ (ﬂngp% fen??é“@lB?n%Fg

coupl i ng/ decoupiIggttaen 1Bethes sevR g EndrAeeoupdinm f voltasemuch | over .
capaci t ance valfrmnothgdightoddstés 380 ngrekn362, wRefiezenisag t 0 equati on

(2), itl_caﬁ bte apeNeidiatiob ofs Qiﬁéd/.eﬂofﬁiglgbiétqenof vol t age decouglgiélng
r in i i
ond 248 can be GRCRATEERN Ibp MM BRARAPLLA A0RG LOET 104,
capaci t ance of ®WBREHEFEE %00, rgd"fmﬁ’jr?t‘f’ﬁ% TO6nf TYURRE i BB 0K G 1,
wher e coupl i ng/ de€oupin fAgtexatdent ofor 18whafiyit4ling, ebebnkdet ed to
respective di gidigitneimel Qdparidad@? antl hther eqifti-nv@dy Abghitance
15 wlll be electrically in parallel. Therefore, the total
capacitance will be the sum of both the digit line
capacitance and the "gut-node" capacitance, whereiﬁ the
digit line capacitance is considerably higher than the
*"gut-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 percentage 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 shonld be either OFF or partially
OFF.

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

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

3s signal driver device (132 or 142} in order to vary the
coupling/decoupling fraction. Also note that more than



25capaci tance (G ai gkenum) of digit lines 102 and 104 required that
coupl i ng/ decoupl i ng capacitors 134 and 144 al so have a proportionally
hi gh capacitance as well. Therefore, the ugut-node" capacitance
provi des voltage coupling with the use of .nmuch Snaller.
30coupl i ng/ decoupl i ng capacitors 134, 144. This advant ageously

enabl es the fabrication of physically smaller capacitors within a
DRAM nenory device. Also, for a given constraint in

coupl i ng/ decoupl i ng capacitor size, relatively nore voltage

coupl i ng/ decoupling i s 35achi evable in c'o%rf)a?i son to

coupl i ng/ decoupl i Vi ' r - L.glJ Wi ne in FIG
1). This - 20 - Drr}%sﬁ%%li’ilgge%géj%%gé#i %?ﬁé?gggaﬁ%/bleesggn%e. ge'dn one
tenth) than Cagi &tRRveRaf 8RY | Fiyerodigifattii@fsapd) sl Briveprdeyice.
constant val ue of coupl i ngtslecaiepht en cEPaBet eIk ofhersmal | er
;sojourn and Czni, ..w, e, hi [+ ' : ner at Vol t age
coupling or decofﬁlﬁné{t’u. ‘% %Legﬁgegf‘g?ﬁg&%g??ﬁ%dg% %%Sag?l{%nr?ce to
be ' effectivesi MiagEagsuplivrf@ateddert FEHA-Eng BF sheviada Fiwing he
digit |lines bei ngiiepaaadsonhein seAse toOatReE REmckBH de31f L1€d,athet h

I sol ation time t,, a wordline voltage signal 502 (Vccp) is applied
to gate 122 of transistor 118. The magnitude of this
voltage signal ensures that memory cell 116 is fully

10 turned ON during the subseguent sense and restore
N operxations.

As shown in timing diagram 504, at time t,, an
ISO gate signal 506, is raised from Vecc/2 to Vcep so
that the gate wvoltages 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 "xreference®
digit line 102 are received by respective
"gut~nodes® 300 and 302, and are thexefoxre 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 Vec/2.

25 At t,, once memory cell 116 {i.e., stored logic "1"} and
isolation transistor 108 are accessed, electrical-
charge sharing occurs between "active” digit line 104
and memory cell 116. This causes a voltage increase
(v2) in the "active” digit line bias voltage. Aas the

30 "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). Aalso
following time t,, the second "gut-node® bias

35 voltage 512 is the same as the "referxence" digit line
bias voltage.



transi stors 106, 108 should be turned either fully OFF . or.
partially OPF. if transistors 106, 108 are fully OT (i.e., in
saturation), for each digit line, both the digit |ine capacitance and
the "gut-node" capacitance Iswill be electrically in parallel
Therefore, the total capacitance will be the sumof both the digit
| i ne. capacitance and the "gut-node" capacitance, wherein the digit
| ine capacitance is considerably higher than the "gut-node"

capaci tance. Referring to equation ) 20or (2), the increase in
total capacitance in the denom nator will reduce the voltage

coupl i ng/ decoupling fraction or percentage considerably. Thus, the
advant age of exploiting the "gut-node" 28apacitance will be

substantial l'y dim'nishe so] at.i on. 25t ransi,st o arefuIIyC]\l
Both isolation transistor gef%gng fBBJ:J' 83I%ia€§ r5“’@?‘%& g"ﬁ g ® Partially
OFF. As previ outhg 9afgi ehyned, 506 @rpbiadafe ispl #edfithg magni tude (AVnj

generated by thersigiskbrs Rdand ews deatinces (tb32ecgtz’ Y42) 1dwxnor mal |y
Egh Wleleg /gagggg -.lazlwg %s@f%g{@d&s(l\&mw 8/ Sff 169 «gﬁa% m ﬁgnt Qe
val 5e (%\Ven cgﬁ ‘Etgl var% fﬂuﬁ ?\%ﬁr)e@g%%?aat&wf@c%ﬁ‘ééc?d)%h‘ﬁ%ﬂﬁétg "a 19 irst’
and a second voFt RfENEY €afe. 36LgignAlnes Lo andeif4c eTe1dsoleted42) in
order to vary .t Beowt cigsbecmivéeguiHpoiesy 3or amid 600. AIHs@ew ,Lbbkmt nore
t han the increased "active" digit line bias voltage and the
rreference” digit line bias voltage are present
10 {stored) on both *gut-node® 300 and *"gut-node® 302
respectively. Thexefore, these bias voltages are also
received at sensing connectioas 178 and 180 of sensing
amplifier 100.
Now that sufficient isolation exista between
15 gut-nodes 302 and 300, and digit lines 102 and 104, at
time t,, voltage is decoupled fxom "reference" digit
line 102 by means of coupling/decoupling device 140.
Timing diagram 514 shows the coupling/decoupling drive
voltage signal [V.y,) 516 generated by sigmal driver
20 device 142. &t time t;, the coupling/decoupling drive
voltage signal 516 makes a high-to-low voltage
transition from Vee to ground (AV.,). This voltage
switching magnitude (AVy,) applied by signal driver
devide 142 to the capacitor network (¢, and Cout-node)
25 decouples a desired percentage or fraction of the
rreference® digit 1line 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 © bias voltage on "gut-node® 302 is9 reduced in favor of
increasing the refresh performance,
The coupling/decoupling drive voltage signal
(Ves:a) 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
{AVe=0) . Referring to equation (2), no voltage



- 21 - one coupling/decoupling capacitor may be connected between any
given digit line and signal driver device. The operation
of - the enbodinent of FIG 3 will now be described with reference to
the timng 5 diagrans illustrated in FIG5. As shown in timng

di agram 500, in order to access nenory cell 116, at a tine to, a
wordl i ne vol tage signal 502 (Vccp) is applied to gate 122 of
transistor 118. The magnitude of this voltage signal ensures that
menory cell 116 is fully io turned ON during the subsequent sense and

restore operations. As shown Fn?timing di agram 504, at
time to, an I SO gate L nal g aused fr Vea/ 2 to chglso t hat
the gate vol t ages °6’I"‘P ﬁc?‘ﬁ% %t'dr § - 108 &= Un FCEHES AV 58 fed

above their threswmﬂdagalmnanSIthntqnqn;S|sulthe<m¢up1émgﬁdﬂqmmpliﬁ§
108 ON such that H?ﬁv!%& eOBigRet | (\’(Je" Ld' OfHug, | BRe %sar%‘altage o

"reference” digit |ine 2 are recel respectlve gut - nodes"
300 and 302, and aﬁ@tfﬂ% et 5P8 ?%d&F%@@g 20 sensing connections 180
and 178 of sensing anplifi &s iDDustrated in timing dgagiargrsen,5@8 shows

the bias voltages (ahegpf - @Qg%-s@{éeaﬂﬂpﬁpgzero‘%s' b sty at ?ﬂer@i:‘: Qfyd O
time t,, both gut- nodes’ are blaggﬁdoIF Vec/ 2. 2 once,

menory cell 116 (F°@m°n§FﬁyéalPﬁgY%;bﬂ95 PR oRC ?an5|stor 108
are accessed, el ecomneatimhasgeishdirdppgdofromsvdsgewébalt atitd sappdisgi t

line 104 and rrerm%ﬁsbé) ltJaGnerlér&ﬁmsesmlyoé&ﬁﬁ%tgngﬁ@me( \3’%2; L8
the "active" it Ilng i as active I ne
e

104 and gut - no FFO1R atsor”rr]li 'é’gg'ieﬁ% %gl?ﬁ?%éjda@’iﬁ?s%?%ﬁ%oﬁme Lys
transi stor, the fiststimguls- abdeimimicndiggtamFRo510he Pciemsgedmpdif e

i ncreased "activejgdingited, i"“%h@i:élﬁn\ﬂﬁﬂet @@m6ﬂ2nddecﬁo§a§e}eu%l 524 on

foll owin tine to, the_ second " bi.as_ 35 volta e
g e co ect | as goﬁ?a. 1sed frog ground 0%?

sane as the "ref eFSHRgh %Pglt
to Vec (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 Vecc/2 to Vecp. Consequently, an electrical path
between "gut-node” 300 and "active® digit line 104 is
established. Thexefore, the applied supply voltage on
"gut-node" 300 is also received by "activer 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
ﬁemory cell 116 is fully restored by the application of
a charge voltage (e.g., supply voltage) to "activer
digit line 104.

30 FIG. 6 illustrates different signaling
schemes for céupling 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



- 22 - Referring to timng diagram 504, at time t" the
gate signal 506 applied to isolation transistors 106 and 108 returns
to Vcc/2' (or lower). This causes transistors 106, 108 to partially
or 5conpletely turn 0$%7 (depending on device threshold). In either
case, digit lines 102 and 104 are isolated fromrespective

gut - nodes' 302 and 300. However, both the increased "active" digit

| ine bias voltage and the "reference" digit line bias voltage are
present (stored) on both 'gut-node" 300 a g "gut - node" 302
respectively. Therefore, these bias volfég s are al so received at

sensing connect | %itjaéé_ é‘ﬂ;fsh 8081 (FENF! RGN Eagggft&-gp g}g‘f’taégat
sufficient isolation éxist et ween TBgut - nodes and 30 , an
digit |ines 102 dpnpdiiont{f{Vend fPom MAG 4G ITSi%fbcodPREIPFIHIFES
"reference’ digitvdlitagel@dcdiyplingnrat i phrefigt deaoudigng Iiﬁ\% ?@ias
i gnal (703, 2) SREUCEHS SR bHEGR oA, 8% O & W e
t2, the coupli ng/%ﬂa}éaﬁfé‘@wiéegm%%é@t@ﬁm sHFR In@Rss (Yesia) is
hi gh-to-1ow vol t age theankddicohifhonstite drd gaResthd Adage Thi s
192 {5 the capacttariitit e BXAE) CEPTHRS R, HF boltpd€ alile"Re,
percent age or fra&RAGEdCEC (e TREFEFRhEMIIE dire| PinE poddage| $irpesd
that is now storesh "gut-node® 300. Timing diagram 608 shows the first
10 coupling/decoupling drive voltage sigﬂal 610 (Vi) in.
the "logic low® state. Once again, no voltage change
is applied to the "active" digit 1line bias voltage
stoxred on "gut-node" 300. Thus, the "gut-noder bias
voltage remains unchanged (i.e., no coupling or
15 decoupling). If the voltage is kept constant, no
voltage coupling or decoupling will occur.
hs 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 voltade
transition (AVg,} from Vce 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 (Vgy,) makes a low-to-high voltage tramsition (AV,,)
from ground to Vec. 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 transition (AV.,) ontoc the
35 ractive® digit line or "gut-node," wherein the fraction



on ggut-node' 302. This is illustrated in timng ' diagram 508,
wherein the second 'gut-node' bias voltage 511 decreases (by V1) at
time t2. Thus, the . 30 ' bias voltage on "gut-node" 302 is reduced
in favor of increasing the refresh performance. The

coupl i ng/ decoupling drive voltage signal (Vena) 518 is generated by

signal driver device 132. As Illustrated in the timng diagram
at tinme t2, drive 35voltage signal 518 nmakes no voltage transition
(V=0). Referring to equation (2), no voltage - 23 - coupling or
decoupling (i.e., AVMm¥0) occurs unl ess”a* oltage transition occurs

in the coupl I ng/ %?Cﬁ%@gsgga% o\éeﬁxg %elglg&_agn(l\ée b lt'%%irthe bi as

vol tage on "gut-nod ated in
timng di agram 5Z@pagiterngatus inethe Sonvedpanaciiter |1‘@UWF>"|~‘ked, "
wherei n the common node bias d&gmg@ecsa@ ammgocrp;mahgoﬂgrg@nnection

166 i s dropped from half v a 0 near und.
Thi s connects gut‘ml]i1 gci"‘ggﬁ Cfou% r%ﬂln é%tig S%t#na?' aﬁqﬁﬁ (FFsm?ng
di agram 508 at5t impkes 2 Apwtiqmirigh ¥oLbaoi ﬁga@mn(mxlt BBAP- sense
anplifier is "firempleshargércdiiage s Eragesen bi@&ﬂéoli&gQOSﬁﬂ ©n

SSFIESe?"d?h?S”QS*nneC s ERpisiciih; Ehven) BhPh PHIS (BB gt o v
illustrated in tioh r\'@“&r&@ﬁi%m'ﬁ' 538 a?cqlidﬁ‘ﬁcﬁng%‘éhtt}%e lm?entlon, the
second coupling/decoupling drive voltage signal 614

1¢ (V3g.) may be kept at a constant voltage (i.e., no
voltage transition) such that voltage is not decoupled
from the "reference” digit line. By incxeasing the
bias voltage on the “active® digit line alone, the
refresh performance is also improved.

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

20 digit line 104). Alternatively, in the embodiment of -
FIG. 3, the coupling fraction or coupling percentage ig
determined by the capacitance of the
coupling/decoupling capacitor (e.g., capacitor 134) and
the corresponding "gut-nede* capacitance (e.q., Caut-node

25 located at 300).

Note again that references made to particular
*active® or "reference" digit lines were made for
illustrative purposes. 1In accoxdahce 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 controllexr 772,

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



As illustrated in timng diagram504, at tine instant t7, the
isolation transistors are turned ON by increasing the voltage of the
| SO gate signal 506 from 20 Vcc/2 to Vccp. Consequently, an

el ectrical 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 nenory cell
transistor 118 is still 25 fully ON, nenory cell capacitor 120 is
fully charged by the supply voltage. Thusgthe electrical charge
within menory cell 116 is fully restored by the application of a
charge vol t age (eegbodBugkyivDistagesd tvesmetiveiydigi t1ds.ne i0d-3.
30FIG 6 illustrate i r i { C upl.i ng and
decoupl i ng vol tagléao%?%ﬁ%%ogp#o%fsqglﬂg%gﬁ%ngggggggﬁ%lf??&é}é?ﬁgcti ve
"gut - nodes" duri NBFeERSIAENITHEWHELEPTHFBT-IPRACEehEe BhpIHUSi 87k,

E g n% diT_ag_r am SQQiﬁ:Elahdjgnt G684 dnd toAtNEl Ihonhagr are StdarEieMied N

. Timng di : €_.SEeco .
coupl i ng/ decoupl iﬁ%ﬁ%n\?gﬁmﬁﬁg?@%g%ﬂgﬁ e'}'}szlrr%r?él D%%E cf%%?’%?aﬁ’é% a
hi gh-t o-1 ow vol t ag@s tThhsi ErBE- (GRVYCeF o Ve anghudmd. fophiexappbei des
vol tage decoupl i ngejrﬂsm;,he no e @NESLCHH A d]/ibﬁeajai%ré/éﬂdt 3¢€any
stored on "gut-node! . - fdr J o] in riv
vol t age si gnal 60‘_6 zﬁﬁo?fr%?;}%{ﬁ ﬁ%ﬁ%}g&%ﬁl c%qf%?gr%gg‘fﬁ?’g té’nﬁnﬁ%fes
no vol tage transiip IRk SYFheR Tt €, NEPYB| feigécehdii§ecas
applied to theg"aphdcmete, diEgEteddnpe i asviddd agepsbpredion a gutinpoge”

300. Tim ng diagr E@gﬁ Q E{ﬁ%fr-'ééé coupli ecoupling.drive
vol t age si gnal 61€Im( s,° :l\é\ﬁaﬁ B h%o&j&g&fl%' Qé#,g?ég gérogﬁgfﬁ? no
vol tage change i sORpPHh S@LRoLR (e o€ i VIPLRIiTgIAE APREE bAesicRs 3§eand
stored on "gut - nosietpi0@evibes,77sh eai gal tewte ivelgshy Oht SRy 1 MBI NS
unchanged (i.e., NG GOMRERE Shvics. IeEOUPLEd Revikhs! P55VOLY A981k8e,
kept constant, no_vol t'age_ cou |ngr or deco ]-Pl I n% w | [ occur.

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.



As previously described, the refresh performance of a DRAM devi ce can
al so be inproved by both coupling bias voltage onto an active digit
line or 20 "gut-node," and decoupling bias voltage froma "reference"
digit line or "gut-node." The coupling/decoupling drive signals for
achieving this are shown in timng diagram 612. Tim ng di agram 612
shows that at time t" second coupling/decoupling drive 25 voltage
signal 614 (Van) nekes a high-to-low v@ftage transition (AV221,) from
Vcc to ground. This provides voltage decoupling fromthe "reference”
digit line bias voltage stored on "gut-node" 302. Also, at tine t2,
first coupling/decoupling drive voltage signal 616 30 (Vcsu) nakes a
| ow-to-high voltage transition (Vcm) fromground to Vcc. This

provi des voltage coupling onto the "active" digit |line bias voltage
stored on "gut-node" 300. This couples a percentage or fraction of
the | owto-high WA tC&g&Mtransition (AvVcsj onto the 35 "active" digit

line or "gut-node," wherein the fraction - 25 - or percentage of
coupling is determ ned by the capacitor values in the forned
capaci tor networKk. As determined at tine t2, the first

coupl i ng/ decoupl i ng dfi-v® PBrPEYeiFRaFoBRBLI A s makes a

| ow-t o-hi gh voltage transition.é Vom) and coupl es . .a percentage or
fraction of the |owt 8- AFGASVYTE & §RYPLED Y 5,1‘5’55) 2Rt FHE
"active" digit |isensiolg @desnode.” In accordance with the invention,
t he second coupling/decoupling drive voltage signal 614 to (72) may
be kept at a constant avoetage ¢¢ll.coupdedote dge thianssi sevsdnguch t hat

vol tage is not degowpled f @igthe;irefergnce” digit line. By
i ncreasing the bias voltage on the "active" digit line alone, the

refresh performance i s gbseabaPsHAdng aMOLEe At ghahheuephodi ment
of FIG 1, the cogglin dec%gplgng fracti.on or co;ghinq{decougiing
percentage is det® ‘?ﬁ]r?g;ij“&/ FefTthphciTHIlE BPdgnegind that couples
coupl i ng/ decoupl i vl capaciriter the. §iyrsttageasihgr nddd) wardetihe di git

| i ne capacitance O i.tlLine of . "acti.ve" 20 digit. |ine 104).
Alternatively, i n‘sfjh%a%enbc%gittﬁgn g%&%lﬁ%singt ﬂ%g%olﬂp a}lr?qq fraction or
coupl i ng per cent agos arddteddyi pedsbynt inrdapathe atme lafngt-he

coupl i ng/ decoupl i ng capacitor (e.g., capacitor 134) and the
correspondi ng "gut-node" capacitance (e.g., Cgut_nwe 25 | ocated at
300) . 2. The memory device of claim 1, wherein the

memcory device is a dynamic random access memory.

3. The memory device of claim 1, wherein the
voltage coupling device couples the voltage on the
first sensing node after the memory cell is
accessed and before the sense amplifier is fired.

4. The memory device of claim 1, wherein the

voltage coupling device comprises:

a voltage driver having an output, the voltage
driver operative to generate a first or a second

voltage signal; and



Not e again that references made to particular "active" or "reference”
digit lines were made for illustrative purposes. In accordance with

t he i.nvention, coupling/decoupling devices are connected to 30 any
pair of digit Iines that correspond to a particular sense anplifier.
FIG 7 shows a systemthat incorporates the invention. System 700
includes a plurality of DRAM chips 775, a processor 770, a menory
controller 772, 35 input devices 774, g&tput devi ces 776, and _
optional storage devices 778. DRAM chi ps 775 include one of the - 26
- enbodinents illustrated respectively in FIGS. 1 and 3. Data and
control signals are transferred between processor 770 and nenory
controller 772 via bus 772. Simlarly, data and control signals are
transferred s between menmory controller 772 and DRAM chi ps 775 via
bus 773. I nput devices 774 caE ﬁglude % ar | e, ke board a
mouse, a touch-pad di SplCAY3ELFREPIGNGAY 6Fﬁ€ q%ﬂﬁ?@grﬁﬁ e2devi ce
that allows a usesetm@m«amumﬂoruhmthrsmtt@rmyahénm&@ﬂ.emmhe

devices 776 can tgﬁw& ”é]lﬁ: Jto% Eeco%&”tgﬁ%lg fpé %’&1‘ ke @

printer, or any other appr pria evi cé capa provi di ng out put
data to a user. Nbhe fimﬂtlsqmﬂ;ndevp@%s 774 and output- devices 776
can alternatively be a single input/output device. Storage devices
778 can include, is for exanple, one or nore disk or tape drives

Thus it is seen that QRA%hgeméﬁéégnﬁ%gﬁdg’ £aL € qqu%g

i mproved refresh perfornmances in the art P appre0|ate
that the inventiofigah ded pﬁe&@mﬁc@alb@/%twatlﬁaﬁr@r@fd@s‘cﬁarﬁ@a 20

enbodi ment's, whi ChofLydr Hs@Hedgf ﬁa?ﬂyw&sseso bokbl telsiwidddn@mgand not
of Ilnltatlon and the invention is fimted only by the clainms which

follow WE CLAINFra“Slthps'AoﬁéHBF9 devi ce conpri sing:

6. A memory device comprising:

a sense amplifier coupled to first and second

sensing nodes;

a memory cell coupled to the first sensing

node via a digit line; and

a voltage decoupling device having an output
coupled to the first sensing node, and that
decouples voltage from the first sensing node,
wherein voltage on the second sensing node remains

substantially constant during the decoupling.

7. The memory device of claim 6, wherein the

memory device is a dynamic random access memory.

8. The memory device of claim 6, wherein the

voltage decoupling device decouples the voltage



a sense anplifier coupled to first and second sensing nodes; a
menory cell coupled to the first sensing node via a digit line; and
a vol tage coupling device having an output coupled to the first
sensi ng node, and that couples voltage onto the first sensing node,
wherein voltage on the second sensi ng node renmains substantially
constant during the coupling. 2. The menory device of claiml,
wherein the nenory device is a dynam e29andom access nmenory. 3.
The nenory device of claim1l, wherein the voltage coupling device
couples the voltage on the first sensing node after the nenory cel

is accessed and before the sense anplifier is fired. 4. The
menory device of claim1l, wherein the voltage coupling device
conpri ses: a voltage driver having an output, the voltage driver

operative to generate a first or a second voltage signal; and_ _-28 -
a capaci tor havi nfren fihsstfigginsapsinghdodesadbnll tha MoTRILY €R&Lfir st

termnal coupled {8 dd SHddvahaobépsc ahd BAsS esR Aiernigal coupl ed
to the first sensing node. 5. The nmenory device of claim4,

wherein the firstf&Rfsecond vol tage signals are of different voltage
swi t chi ng magni tudes, opposite switching transitions, or both.
6. A nmenory device conprising: a sense anplifier coupled to

first and second sensigngTRedRénory devadcEESPrylLial l6,CaHpLedh tehd he
first sensing node via a a_vol tage decoupling

igit.Line, and
devi ce having an BotRf (é%ﬁ§u3&1F8 HEGS FSFPEERSS hg node, and t hat
decoupl es voltage fro L& St SaNshag4 in I ﬁgg n the
second sensi ng node rgkgpﬁgé %bs?%ntlg??§9§gﬁéf§ﬁ$&§ﬂrF¥§‘§ e ¢
decoupl i ng. driver operative to generate a first or a second

voltage signal; and

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

the first sensing node.

10. The memory device of c¢laim 9, wherein the
first and second voltage signals are of different
voltage switching magnitudes, opposite switching

transitions, or both.

11. A memory device comprising:

a sense amplifier coupled to first and second

sensing nodes;

a voltage coupling device having an output
coupled to the first sensing node, and that couples
voltage onto the first sensing node; and

a voltage decoupling device having an output

coupled to the second sensing node, and that



7. The menory device of claim®6, wherein the menory device is a
dynam ¢ random access nenory. 8. The menory device of claim®6
wherein the voltage decoupling device decouples the voltage - 29 -
fromthe first sensing node after the nmenory cell is accessed and
before the sense anplifier is fired. 9. The nmenory device of
claim6, wherein the voltage decoupling device conprises: a
vol tage driver having an output, the Ad-tage driver operative to
generate a first or a second voltage signal; and a capacitor
having a first termnal and a second termnal, the first termna
coupled to the driver output and the second term nal coupled to the
first sensing node. 10. The nenory device of claim9, wherein
the first and second voltage signals are of different voltage

sw t chi ng nmagni tudes, opposite switching transitions, or both.

11. A nmenory devidacaydesi ¥PhERIe fro“h"-%én%%c%}?ﬁ)lﬁeﬁséﬂgcéﬁ‘é?ed to

first and second §8N$INEHROEESH1ing ofdvERtAgE B Rengideyi ce having
an out put coupled to the first sensing node, and that couples voltage

onto the first sefAHFIGIEe-and a vol tage decoupling device
havi ng an out put coupled to the second sensing node, and that -30-

12. The memory device of claim 11, wherein

the memory device is a dynamic random access memory.

13. The memory device of claim 11, further
comprising:

a memory cell coupled to the first and
second sensing nodes, wherein said coupling or
decoupling occurs after the memory cell is accessed

and before the sense amplifier is fired.

14, The memory device of claim 11, further
comprising:

a digit line coupled to a memory cell and to
the first sensing node, wherein the wvoltage coupling

device couples voltage onto the digit line.

15, The memory device of claim 11, further
comprising:

a digit line coupled to a memory cell and to
the second sensing node, wherein the digit line
serves as a reference digit line and the voltage
decoupling device decouples voltage from the digit

line.



decouples voltage fromthe second sensing node during the coupling of

vol tage onto the first sensing node. 12. The menory device
of claim 11, wherein the nenory device is a dynam ¢ random access
menory. 13. The nenory device of claim 11, further

conpri si ng: a nmenory cell coupled to the first and second
sensi ng nodes, wherein said coupling o decoupling occurs after the
menory cell is accessed and before the 'sense anplifier is fired.

14. The menory device of claim 11, further conprising: a

digit line coupled to a nenory cell and to the first sensing node,
wherein the voltage coupling device couples voltage onto the digit
l'ine. 15. The nenory device of claim11l, further

conpri si ng: a digit line coupled to a nenory cell and to

t he second sensing node, wherein the digit line serves as a reference
digit line and the vol tage decoupling device decouples voltage from
the digit line. -31- 16. The r@rorfheemgner gt delaioe 16f wheredrll,

wherein the voltage ggggg gcrg%?(lii%g gggg&ésggm a vol tage

driver having an out put, rrver oﬁ%ratlve to generate a

first or a second voltageaskgNedge MM ver having af KARRE,t 8hehaving a
first termnal and_a secqnd ternlnal the first. termnal coupled to

the driver output’®Zh89€h r%E%%wﬂPqF?FﬁVﬁaFoc%ﬁﬁﬁ?ﬂ?q43 £RESEi 95t
sensi ng node. second vol¥agdheigmnpr yndevi ce of claim 16 wherein
said first and second voltage signals are of different voltage
swi t chi ng nmagni t udes, opp@sFeerasiiiqx hiawgnor anSixsortermgnapoand a

18. The menory dgkieRaotechhdl 1kneheselp tdgniplil 2YepdeaoHp!img
devi ce conpri ses:
driver output and the second terminal coupled to the

first sensing node.

17. The memory device of claim 16 wherein
said first and second voltage signals are of
different voltage switching magnitudes, opposite
switching transitions, or both.

18. The memory device of claim 11 wherein

the voltage decoupling device comprises:

a voltage driver having an output, the
voltage driver operative to generate a first or a
second voltage éignal; and

a capacitor having a first terminal and a
secend terminal, the First terminal coupled to the
driver output and the second terminal coupled to the
second sensing node.



a vol tage driver having an output, the voltage driver operative to
generate a first or a second voltage signal; and a
capacitor having a first termnal and a second termnal, the first
term.nal coupled to the driver output and the second term nal coupl ed
to the second sensing node. - 32 - 19. The nmenory device
of claim 18 wherein said first and second voltage signals are of
different voltage switching nmagnitudes32-opposite switching
transitions, or both. 20. The nenory device of claim 1l
wherein voltage signals on the respective outputs of the voltage
coupling device and the voltage decoupling device are of opposite
switching transitions during said coupling and decoupling.

21. The nmenory device of claim 11, wherein the voltage signal on the

out put of the voltage coupling device has a voI%a e tr sigion

magni t ude and sai d coupl i ﬁa'cgﬁﬁl'@“%‘ff %ﬁgf?%no f"gtar?é“ 35| tagee+n

transition onto tshédf fisttsendiswpramideoltage signals are of
different voltage switching magnitudes,'opposite
switching transitions, or both.

20. The memory device of claim 11, wherein
voltage signals on the respective outputs of the
voltage coupling device and the voltage decoupling
device are of opposite switching transitions during

said coupling and decoupling.

21, The memory device of claim 11,
wherein the voltage signal on the output of the
voltage coupling device has a voltage transition
magnitude and said coupling couples a fraction of

the voltage transition onto the first sensing node.



