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. s More particulfarly, 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 to 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 15 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. If alogic "0" is
stored in the nenory cell capacitor, on_accessi ng the nenory cel
the absence of stored el &% @@Wséﬁgr Pﬁm¥ﬁgﬂggbg@PPBFIE§%ses sone

el ectrical charge present on the blased 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 digit line. The
sense anplifier g CLsndbs mpd t ¢haage and applies a ground
(GN\D) si gnal fO“%heg“ﬁ% %ﬁ& ﬁ? Lilﬁ?1| ne so io that the accessed
menory cell is fully di scHEgeRvEntdon FgdrEes by binf se@FiBghini ne
or interval betwgam fapsimic (farfiom raeﬁ:gélssg_)ne@aﬂyr esdite REpli€iers.
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the refresh performance of DRAM dev1ces

As a result of charge leakage from DRRM
memoxry cells, sense amplifier devices ‘sense {or sample)
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 lihe, a sense ampiifier
compareé 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 logiec "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 referemce
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
memoxy cell is recharged and restored to a full level

2s of electrical charge.



is level applied to the reference digit Iines. For exanple, a DRAM
menory cell holding an electrical charge representative of adogic
"1," is sensed after a finite tine interval (refresh tine). 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 nenory cell will degrade too nmuch. When this occurs, the
sense anplifier erroneously determnes that a logic "0" as is stored
in the menory cell. Thus, it does not réstfore the menory cel |

electrical charge to its val.ue (. e, "
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t he DRAM devi ce undesir creases,. . Thi s beco ressively -
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known ”emrhode‘th‘é%sthéuﬁhc&@s&l Shdn3ed cel1Lge mm} dibcﬁaax@ﬁdent No.
5,701, 268, dri vg .t he VE ﬁge Q,n)t both the reference and sensed nenory
cell digit lines™t&-a ential. 101t is also known that by
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DRAM array devi ggaitet Bime 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 memoxy
cell will degrade too much. When this occurs, the
sense amplifier erroneocusly determines that a logic ron
25 is 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 wmemory 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 erroneocusly 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



20i ncreased nenory capacity. For exanple, Eto et al. U S. Patent No.
6, 169, 701 di scl oses the use of such dummy cells. In wiew
of the foregoing, it would be desirable to provide inproved refresh
performance in DRAM nenory devices by varying the threshold or bias
vol tage used in the sensing 25operation. Sunmary of the Invention It
I's an object of this invention to provide inproved refresh
performance in DRAM nenory devi ces by 30varying the threshold or bias
vol tage used in the sensing operation. . I n 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
anplifier is coupled to 35an adjacent pair of digit lines. Each

adj acent paigrdfledagie dd nmumme&ﬁayssinmdssemmémdrgl&aﬁalcmef
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devi ce having an 0 % second
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5 providing an increased margin for electrical charge
degradation in the memory cell. However, some known memozry
devices, such as disclosed in ree et al: U.S. Patent
No. 5,701,268, drive the voltage on both the reference and
sengsed memory cell digit lines to a higher potential.

10 It is also known that by including dummy 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 veoltage (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 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, Eto 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.
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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 paix of digit
lines includes first and second digit lines. The DRAM



couples a voltage onto the first digit line and the second voltage
coupling device 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" digit |ine.

Thi s enbodi ment preferably operates as follows in accordance with the
I nvention: an electrical bias voltage is applied to the first and
second digit lines. Electrical-charge within the nmenory cell is is
accessed such that electrical charge sharing occurs between the

menory cell and ‘%er t‘%]raslts i Euh{a%]ea BEReT q,[ﬂggg@ first digit line
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coupl es to the f3eagssed such tha electrical-charge sharing occurs

between the memory cell and the first digit 1line,
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 oxder to restore the electrical charge in
the memory cell to its designated charge value (logic
"1* or logic "Q").

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.



sensing connection and to the first termnal of the xc first

transi stor, and the second coupling/ decoupling device output couples -
to the second sensing connection and to the first termnal of the
second transistor_ Thi s second enbodi nent 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 menory cell is accessed such that elecgrlcal charge shari ng

occurs between the nenory cell and the first digit line, generating a

first digit line bias volt gkgggraﬁ é@ﬁ%if cglk%gg% éwfgﬁgéﬁﬁp
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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 1s 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 1isolation 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 "1i" or logic "o").



i s enbodi nent of a DRAM menory 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 nenory sense anplifier according to the
invention; FIG 6 is a timng diagramillustrating 25 applied signal
vol tages for coupling and decoupling voltages fromdigit |lines during
t he sensing of a nenory cell according to ¢he invention; and

FIG 7 is a block d| agram of a systemthat i ncorporates the

i nvention. 30 DeBx 3 itaonoaf obhe HAXawRRsSt | on The

i nvention provides DRAM Seﬂf&e aBORk Iaﬁ@roﬂ%&* %e\%&hahﬁpée\fﬁﬂt%é’é of
sensing. These sense, wg&)l i fiers_include additional devices fo e| t her
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both. Note that t e ry_c S
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de5| gnated as t hgnpy 6@&1%@10 anadiigl ¥hiéme. Therefore, "active" and

"reference” digit lines dyn mcaIIy change. based on ich_of the two
digit ' lines is coupled ttd%n a&@e@s‘éﬁr‘%‘éﬁ’ba‘%a@gﬁp y 2d&e58bl i ng

vol tage from a rehbodimentdicdi & DRAY, memoly circuit accord:.ng 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 accoérding 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 amplifiexr 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 accoxrding 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 “activen



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 iscircuit 100 within a DRAM array, wherein sense
anplifier 100 is connected to a pair of adjacent digit lines 102, 104
through a pair of isolation transistors 106, 108. Sense anplifier
100 is coupled to digit line 104 through isolation transistor 108 and
20coupled to digit line 102 through isolation transistor 106.

| sol ation transistor 108 has term nals 109a, 109b, wherein term nal
109b connects to digit line 104, and tetm nal 109a couples to sense
amplifier 100. Isolatjion transistor 106 has 25term nals 107a, 107b,
wher ei n t er mi n@t91H 7B EENNE1ROYYy  SHRESh dhak i digiwding2atbarheder i nal
107a coupl es t cosemseccmugkdfneamory00ell is designat@dtds beohqttmn

transistors 106G aapgkd0G8ke Pﬂ@.rohlcf&ilﬂyl:?nri \l?gééé vel, gate driver

110 that 30si myl_t apequs].y.applies suitahle voltages to
respective temmaﬁg}‘ée 1#5,%1?1]2”& af‘gd’flﬁFF'Bﬁ e AP (R5ES106 and 108.

The drive Vol t agpdifisan ds designaskdtaoncher trefiesenes” Higit 10BeON or
OFF to control ghaeegdRGH rnia@@ivd'usghatdmeggﬁa@eaigi,giltinleisnes 102, 104

and 35sense amplLLh £l thQ0endncl Wadbhtoh Qb SF TR ¥nS Fhic® a34EL
lines is coupled to an accessed memory cell. By
decoupling voltage from a reference digit line, or by
10 coupling voltage onto an active digit line, orx by both
coupling and decoupling voltage onto and frowm these
digit lines, bilas' {(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 coupleﬁ
to digit line 104 through isolation transistor 108 and
20 coupled to digit line 102 through isolation
transistor 106. Isolatlon transistoxr 108 has
terminals 10%9a, 105b, wherein terminal 109b commects to
digit line 104, and terminal 10%a couples to sense
-amplifier 100. Isolation transistor 106 has
25 terminals 107a, 107b, wherein terminal 107b conmects to
second digit line 102, and terminal 107a couples to
senge 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
igolation transistors 106, 108 ON ox 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 comnected respectively



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 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 other termnal 126 of transistor 118
connects to digit line 104, at node 128. "t®A first voltage

coupl i ng/ decoupl i ng_devi ce. 130 is al so connected_to.digit |ine 104.
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out put of is signal driver, 132 at d 3 n onn to digit, L
104 at node 138. Node 138 b?eé"%rﬁ’ecgggpg%&oﬁc\?aﬁe%gg E\%ESTStor A1s an
coupl i ng/ decoupl @ngapiesiter 130, AKhervebmdthe|gadge ofotiphnagstec s i ng

device 140 isgcoppggbeds i d Qdrchinge 182. (W0l tAY4R130r ROUBRAM G Aoy ce
140 i ncl udes capacitoor f44 and a second signal driver device 142.
Capaci tor 144 cohfBtiR2ttihe &FBBPIB'F"’éi’g]r%ICC’G’PF%F 892038 sshiefige
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vol t age couplingide ' devi.c . e f | 0
i ncl udes an N se%gegg%%é%- s.?r%eggﬂr%%?i ;%gﬁ@é%&%&ﬁ%@ﬁeﬁﬂ
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anplifier InC|Ud§§vfcgrf§§;is also connected to digit 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 13B 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 anmplifier. The P-sense amplifier
includes a cross-coupled PMOS tramnsistor pair having a
first PMOS transistor 158 and a second PMOS
transistor 160. The N-sense amplifier includes a cross
30 coupled NMOS transistox 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



30 coupled NMOS transistor pair having a first NMOS transistor 162
and a second NMOS transistor 164. The first PMOS transi stor 158 and
the first NMOS transistor 162 share a commbn connection 178 that
couples to digit line 102 through node B and isolation 35 transistor
106. Second PMOS transistor 160 and second NMOS transi stor 164 share
a conmon sensing - 9 - connection 180 that couples to digit line 104
t hrough node A and isolation transistor 10 A common node connection
166 between NMOS transistor pair 162, 164 Ps nornally bi ased at Vcc/2
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fraction) of volt erence" |t |ine 102 to reduce

e
the bias vol tage %ﬁrFﬁlsoFl?ﬁ§l“$5FF 2 %Eﬁﬂﬁq d§8UﬁBPlﬁﬁ SYevi ce 130
may (optional | y) copngkbianpettdnt ¥ge (oupphwnctaidd) vah tokhedeOdnt o

frﬁe"aCtive" di gitahkRsedP4 9. | HefeaserdfeiRiRS P ka98e OBoddldsS node
' 15 connection from 0V to Vecc.

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 perxcentage (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



30Thus, an increase in the voltage difference between "reference”
digit line 102 and "active" digit |line 104 can be acconplished by
ei ther decoupling voltage from"reference" digit Iine 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 - 10 - coupling or decoupling function
of voltage coupling/decoupling devices 13Q, 140 depends on whet her
their corresponding digit lines are designated as being an "active"

digit line or a ohehe{RNeR adicBlipihderumiEiGn S1SHOYE40 el ectrical
representation o? ?%ef%gltage cg%pli%g/decoupling dev?%% of FIG 1
(devi ce 130 or 180VPLiNY decouPlipdcdeBines tafc el 2B sdeReRds gt iy hex
deAgi tiite and iﬁhéiﬁcédﬁzfél%lpbhdﬁ.ﬁgrieﬁﬁﬁ aqdn&ss arégﬂéﬁiéﬁtéw\ﬁ§1®eang
irst connection_to,digit [|ine.206.10 and g_second cpnpectian to
or ound. The di g1 2 ReShver, dlBsfobind dhe ARERPREeR L RIS AR sucn
as coupling/ decoupling cafdéi-t 8rsRa¥s an dleckrigal srepyepantastiidre of
effect and is thepef QRN coiph idgAcddb I8 ry kevite bAUFPEN f FIG
1. /5CDupI|ng/deE§u lln%_capa0|tog 210 has ﬂlrit and secpnd .
connection terni NGFEIRAA3I0PE 1§fer oi PG| Lo oRRBCERBACT RS A0 12
receives a coupl dagoidet duplchng,dr iané sl éhgersigialy Cépreskhosiaas a
vol tage driver dgyjice. i o] CONNECE] t
74 29 connect s FaParids Habitg GOLLES, CRRRILIRATEEPLION: FL MRe
the digit linRe céBﬁc?t%RF@dZG@F?ﬁcéh%cﬁC_t iGrOUREt worRe| §1$h"er1_e'mﬂ e
formed bet \Negg4caa8@é¢ﬂglﬁﬁfécquphbﬂg?c%efxmdg&red%lamgaﬂgﬂtgs@?ﬁl.—md ,
capaci t ance : ng _a.suitable 25 c in ecouplin rive
Vol tage o onal  (euet i Me Tl SRt M. 19 TE0ER Mg
decoupl ed from perasipledifectdendtisitherz@@reThpt isciiided showhe n
equation (1) bel gfcéi: diagram of FIG. 1.

15 Coupling/decoupling capacitor 210 has first
and second connection texminals 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

egquation (1) below:

CC
Co+ C,

igitline

AV yope = x AVeg 1)

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

capacitor 210, Cygiine 15 the capacitance 204 of digit

line 206, and AV., is the voltage switching magnitude



A VtgoDE - x AV CSL Cc 4- Cern/ow (1) where AITIm nis the
change in voltage on digit line 206, 30 Cc is the capacitance of
coupl i ng/ decoupl i ng capacitor 210, Cagftlin, is the capacitance 204
of digit line 206, and 6.Vcs, is the voltage sw tching magnitude
generated by the coupling/decoupling drive voltage signal (17m.
FIGS. 5 and 6 illustrate the coupling and decoupling process in nore
detail . Conparing the electrical representation of FIG 2
wi t h coupl i ng/ decoupling devices 130, 140 in FIG 1,

coupl i ng/ decoupl i ng capacitor 210 is equivalent to

coupl i ng/ decoupl i ng capacitors 134 andl¥i44: 'Also, Ailmis generated

by each signal dr] vige 132 42, wherein signal driver device
132 generat es g??%ér%{edg. gdtﬁTevé:o %}%%ggeg?'ﬁ&gflg(% VaHF9E gnal
driver device $igndbndat es FAG8echmaddf iildugbrategshei cpuplifng72). The
vol tage swit chang dsgupline pAdeess Peneratwdaby. both drive vol tage
signals (Vsm provides S | LN | i ng_or
decoupl i ng vol t age ont,oE%?p%glgf é%% )é(%lr:?gl?ﬁgng?%gé’s&%g#&%.g’és 102 and
104. The cipacFLénce LERFPIRIAPISRFYPLingCeviFreR 1306 140 ddui val ent
to the parasit FEGcapacouphiogy/decdagliing capacitor 210 is equivalent

to céﬁpling/decoupling capacitors 134 and i44l"Also,
Ve, 18 generated by each signal driver device 132, 142,
wherein signal drivexr device 132 gemerates a First
10 drive voltage sigmal (Veg,) 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 the necessary
" signaling for coupling or decoupling voltage onto or
15 off of corresponding digit lines 102 and 104, The
capacitance (Cygiriige) 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 signala (Vo) onto signal lines 136, 146, where the
"drive voltage signals (V) are received by
coupling/decoupling capacitors 134, 144, respectively.
The switching transition directlon (low-to-high ox
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 (AVyye) depends on whether a voltage is
coupled to the digit line (increasing its bias
voltage), or whether a veoltage is decoupled from the
30 digit linme (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,



|l i nes 102 and 104. The signal driver devices (132 or 1425‘apbly t he
coupl i ng/ decoupling drive voltage 20signals (Vnj onto signal lines
136, 146, where the 'drive voltage signals (11m are received by
coupl i ng/ decoupl i ng capacitors 134, 144, respectively. The sw tching
transition direction (lowto-high or high-to-low) of the voltage
swi tchi ng magni tude al rest 25determ nes whether voltage is coupled
onto or off of the digit [ine. Thus, the change in voltage on the
digit line (.0,Vmm depends on whether a voltage is coupled to the
digit line (increasing its bias voltage), or whether a voltage is
decoupled fromthe 30digit line (reducorg-its bias voltage). Note,
from Equation (1) that by increasing both the capacitance val ue of
coupl i ng/ decousEPngOwRIaeY depoupldnd eprarttansie gheukdibiechi ng nagni t ude
a hi gher perceappgeximatellyaché arenthf (x7Q0p| igigten pdetreaupkitig can be
achi eved. For @¥gipl find Safacaiiicl 19iR0eL N9eDLAS 4idliaggalr om the
digit line, - - .the cqlp |n%é ecoupl | ng capacritance Shoul d be
appr oxi mat el y SABREEAIGY 18 1951adveledageecdde of the digit line
capaci t ance. Heoeepking/idecbhpl iligyichpadivercaac beapeepdxt ibabbly vel y
large, the couphiREd4IRGCOuREENGRRBE | 0 bndUshr D82 PIAP Yl WAl ¥
I ncreased, -which re uu}%.lm Ihe-f%ﬁrlcatlons%f Igrgfr
capacito evices at e expense oL reducing DRAM
memoxy capacity per device size.
The voltage switching magnitude (AV.y)
20 generated by the signal driver device (132 or 142) is
normally between ground and the supply rail (Vcc) in
order to maximize the coupling/decoupling fractiom,
‘Note that the voltage switching magnitude (AV,,) 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 *1.7
25 As previously indicated, during accessing (i.e.,
reading), sensing, and restoring the charge within
memory cell 116, digit line 104 is considered the
"active* digit line, and adjacent digit line 102 is
considered the "reference" digit line. 2aAlso, both
3p digit iines are pre-biased at vec/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



capacitor devices at the expense of .reduci ng DRAM nenory capacity per
device size. The voltage switching magnitude Ww ) 3. 0generated by
the signal driver device (132 or 142) is nornmally between ground and
the supply rail (Vcc) in order to nmaxim ze the coupling/decoupling
fraction. Note that the voltage sw tching magnitude (AV,c,) can be
vari ed (increased or decreased) between a first and 3. 5second voltage
by the signal driver device (132 or 142) in order to vary the

coupl i ng/ decoupling fraction. Both the fit3t~and second vol t age

generated by the_signal_ driyer, 2 42) are controllably
variable. Also not?tHE" nﬁ}{g {’T‘\a lé‘S(e 38‘8 1%hg &b UptREgRee
capaci tor nmay beebertsictadd chatiesisipra iy gbtehldsgpd Bétweeamd si gnal
driver device.' terminals 12hNafleStid RIENGnbherafESLIG: OPRY At s Of

sense amplifier 100 nmenory ce I'S ¢Qnsi dered
el ectri cal - char gt kRt +iodgnaPRBEHts £7¢ §i88 PHgFRPagiton LR directly
previously ingi cied egigituniing 26£earinGhilt. electeﬁ@hngahazsgmsmgmgnd

restoring the cLOS INALBIHRI S 1b0sndl Skl 15d Ghd o b

considered the " and “adj acen 1% ne*102
consi dered the "E@f%h%ﬂﬂ%?Ctéigal ¢Hanae ngm C%E%ﬁlﬁmxhkﬁq diisebsrgieg

pre-bi ased at Vb&ﬁ@b(*EﬂﬂivbhedféiﬁﬁﬂhéYﬂoh) PhE®E &ﬁ&i'EéTEJle§ht
N-sense and P—sense anplifie In o Q_access electrical -charg
Stor ed BTG J P rEIS, aBiBe BERegE [ FOPERRE
35t he gate otot r\emshslﬂ'usr bihs bylteepn omwfadjeckdt| 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 ceonnects 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 "activen
25 digit line 104. Sensing connection 180 of sense
amplifiexr 100 connects to node A and therefore 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 "referencer
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.



(W.) 122. Once the gate voltage is applied and - 13 - transistor
118 is fully turned ON, a | ow i npedance el ectrical connection is
established between termnals 124 and 126 of the transistor 118. This
effectively connects one side of capacitor 120 directly s to digit

| ine 104 such that electrical-charge sharing occurs between capacitor
120 and digit line 104. Due to the electrical-charge from capacitor
120 discharging onto "active" digitline 104, there will be a slight
increase in "active" digit line bias voltqﬁﬁ conpared io with the

bi as vol tage on adj acent reference digit e 102. Therefore,

det ect abl e vol t age d'fferQﬂ?ev&ﬁ¥%g§1§£¥fbf§ﬂ£@e%gagééht A%ﬁ¥§%e}8%§g

102. Once nenory ce accesse ate
applies a gate vdiragkd4 camat'eefersnaal QHQFﬁfilaﬁd1@% ateeladdmedal

112 of isolationghhransi SEPrhck@BsikQ6thi£SASLd \éeHYffJf'éﬁcéalb%@:ﬁ Rekh
i solation transi stors 106 6é)ng!to f ul i sol ati

transi stor 106 i ACPREZNLG §ﬁr§F€cQ??{Qﬁmﬁﬂ5ﬁn8ttF%ﬁl?%?M evice
est abl i shed bet ween hedonfrared.20 Thr téeme sk "tidi gebsingeodd¥htiBansi ng

connection 178 0%03?6@:?&@@' Iy fﬂe]%nil&? Cl%:mf& éipltrgbgﬂgfh@‘{aﬂp sense

therefore to "reference” ran5|stor
108 in the ON stawellahe%ﬂé& rﬁrégpeeaﬁ%lécqﬂﬁpaitslnss%bn%mé&qsmn

node A and "acti tiﬁe 2ppEheit 1a e Mea:eﬁcaaersnmecaaneﬁta@ébs'lé’éa ea‘emry

sense anplifier 1 CO Qde nd therefore "act i .
digit line 104. ?ﬁus qﬁ§§Volsa§§ on fg? &ISP el#%%“?ﬁh aftlve
recei ved by tine State By | ¥0demnd §§ﬁ§¢¥@%@hrﬁe®ntoh1118010hnd t he

vol tage on "refe;gAggasadd, i Ttl'tdenQnQQ;Zvéﬁ B&GRICHeBYs £ SR sn

anplifier's sensin connect i % e the isolati transjstors
276 in the CF SPREESCRUNE SRRt PBREPs CORRTITARE 178 AL Shhea

i sol ated from respechiae whildiage onesrédererd:l didgieveinet hee iehtiages
on digit 35 Iineg}02 ma%flt&&@%hmat R RUER An 28¢s Baand

sensi ng connectlons 17
electrlcal -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. However, 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 rreference" digit line 104.

The aforementioned increase in the voltage
difference between "active" digit line 104 and
rreference™ 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



- 14 - The vol tage di fference between "active"” digit line
104 and "reference" digit line 102 is relatively small. By increasing
this voltage difference, both the sensing and the refresh performance
of the DRAM device can be inproved. In terns of the sensing
operation, for exanple, there will be |ess probability of sense
anplifier 100 erroneously allocating or not allocating the
appropriate electrical charge to an accessed nenory cell. Al so, as
the voltage difference between "active" té>drgit |ine 104 and

"reference” digit line 102 increases, the, ilrrﬁ i nterval between _ |,
necessary refresh™8p&I$hI*Gnd ®4dvaht a‘ij’éfbl.r"'s,tII;L i B s RSHRASS dnghdapo
t he bi as vol t agevohtdgefer enceiver gidigiti nank020haandhdle |damreagel iage

t hr eshol d, vxhichp'%g?h%#eagel g\gsnggge%gmegnecdfigkgaiig@?{&fel eggcgﬁsed

menory cell 116 deterirorate w thodf becom ng uridetéctabl e.
This means that BREeSthenfeBer reFREREA I3t ri cal -charge in nenory

cell 116 is agcessed, the Theagepgbt Diieragt bygsigg git line 104 is
still higher than referencedég digét i ne 1%%. Fbme%ﬁ%; iqraccordance
with the correct “BBBRFATIBI 3% hd7F meFHiv6n FoFs TRPTHar e 338 Spr esent
in accessed nenoFyltadés piesenteon thegi mctivest andd)refdwerieds digit*
voltage on "actiYenedli idn kiRRs1Q4adliSh, NAkpeBLLoNey. DI ool LAge
value than that of,k 25 "reference” digit Iiné 1 The

! 04, . .

af orement i oned i nEFELRE ithe; Rs ﬁﬁﬂt%EﬁFQﬁq1§@Péhgéeﬁétwkﬁﬁﬂa@%9ﬁ ve"
digit line 106 abdatsiftenmsnae’s, digstate nark@d OBF ashilevidthtb)the p-
activating vol tagg; ceunl, | naLAeeoupLL0g, ACUI LS .14 SHGh xfl?eaéo 3adqtic
fraction or percentage of the“existing referéncé d%glt Ihe B as

vol tage (i.e., VE'PZFitancge@SuBlait fkoRRT &0 andeldt gi tTherRIONE2.
TEUS’ the decreaggté nihivas vabt 28@0wes "HiRf %fx@ﬂ@@ﬁsﬂirg&%piié@ vm%a?@gg
the increase in Dias val.tage.op."active'.digit _|ine ecause .o
accessi ng nenory €@ Ibé%ﬂif%géﬁgéegst¥?ﬁ§3%}§ﬁigageﬁi}%gfe$ﬁ§§i %@F@ase.
Because i sol asi ohurns f®th trapsistors 106, LPOSO0RFe Teswltig imhethe
increase in bi aseYQbtAHRION sodBLide oflikided NN8nd04 and t&esdRerease

B reapecti vely. STRASHEE R0y | # 78 KO aHir LBRACLEF ontods0, 178
recei ve the respective bi da okt ages @f owmmiryogellhelicthaetnard
"reference” digi géofém%gfﬂeow?ge_@hé Ak s €PBRET X&E Ve REIRE 1O
firing” the 2I(:))- ]a.l:?r?e Nl_OSQe%SJ'.%sa%lltfaégr ?élslg%lraéslegg 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 "active” digit line 104 causes '
transistor 162 to start conducting prioxr 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 amplifier is "fired."” Upon "firing" the p-
sense amplifier, transistor 160 turns ON and connects
ractive" digit line 104 to the supply voltage (Vece) via
connection 180 and node A. It will be appreciated that
isclation transistor 108 must be turned ON again once

35 the charge voltage (Vec) is applied to node A following
the "firing"” of the P-sense amplifier. This provides



|l o transistors 106, 108 are turned OFF such that the Pend N sense
anplifiers are isolated fromthe parasitic capacitance of digit lines
102 and 104. Therefore, gate driver 110 renoves the previously
applied voltage fromboth isolation transistor gates 112, 114. This
is turns both transistors 106, 108 OFF, resulting in the electrical

i sol ation of nodes A and B and sensing connections 180, 179 from
digit lines 104, 102. In the_case of nenory cell 116
(having a stored logic "1"), the increase in the active digit 20 line

104 bias vol | 496} A0t 83 Nba ggtrg%ggg%ﬁ@'a#fg& RGeS ng};@%éﬂee

d|g|t||ne102b|asvotae| en t sense "a rer is
"fired." Once "fak gpde ?‘réﬁgl 2eorives? digihslEre Wnnech

“reference" gl glisdla{t&oﬁoir&ﬁsgéwcis( QYy, the &n@g@r x&ﬁtlyg@séyol tage
on "active" digi} e capyses, tr.ansi,s rt conducting
prior to the conb%o aq: ﬁil% Wrgﬁgl sel“'f)‘i’:""'f64é %16%* &TS&{IM i s thus
held in the CFF state V\heﬁlthansq:baturom@Zanalasomﬁmneeﬁ &Nent&e

digit line 102 'éhﬂéw%géagéowm Pé%ﬁgﬁlmlﬁéhearcﬂfve-ﬂd& ¢ Upon
"firing" the P-senseé anplifrer, transistor 160 turns ON and Connects

"active” digit |10 P4t oPLRR. SYHPH PEFSFY afett VednSASE odddc Lnofbe
180 and node A. dn stidte hwLapptieépt athet BRATHS OVt 20 oA Mk ioe ~108

TSt e S ned GAAeaRNsEe S LORhARy VOLLP U ale ol 98P Bb 6

to node A foll ow ense a
provi des - 16 -fu &a3perityal %%W%él%ehrﬁﬂélw Jel& ol &den
present at node tAndeé 026t byeremd@ig ltheegd 4. vélrdde #1560k aldran

transistor is OF cha Ita e is isolat from " lue"
digit line 104. ]l':ln f}ﬁz J;V'g?h oo rrahsrs {mg_g%
the charge vol t e (PesEpred Bnéph@ditt&d faomi degltdllgmeumqe 104.
Al'so, with menmory cell ”QBS|§6‘.@reﬂén§)]Jen Fn@ﬁo@' ééﬁel:(é/\[stﬁﬁtésve)

the charge volta ctive' i ne 104 ar ges_. nepor el |
Capaci tor - 1905t FSIAE TSIV P EISSEASELRERTTS dbit ot r RIS Iy Srce
then turned OFF tmgmqmnmlhglmelgaace:aaﬂeﬁagemromﬂ@edslharnalgizﬂllThe
charge on nemryccﬁ:e}érseqpaeaﬁea %0 ”a%t'iq'\é’“ra§§9£eﬁlﬁ@dlbd§%ﬂsed from

digit line 104. 1f, for g e, nenor tores
voltage to ecrease relatlve to the "reference" digit

line 102 bias voltage. Once isolation

20 transistors 106, 108 are turned ON, both the "activer
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 awmplifier 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



is relatively no electrical-charge (i.e., logic "0"), once nmenory
cell 116 is accessed, the charge sharing will conversely cause the
"active" digit line 104 bias voltage to decrease relative to the
"reference” digit Iine 102 bias voltage. Once isolation 20 o
transi stors 106, 108 are turned ON, both the "active" digit |line 104
bi as voltage and the "reference"” digit line 102 bias voltage are
recei ved by sensing connections 180, 178, respectively. Isolation
transi stors 106, 108 are then turned OFF dfd -t he sense 25 anplifier

is "fired." The decrease in the "active" it line 104 bias voltage
relative to the TRBREIERER"1¥i.git4| #FRe %E‘Bgitﬁé ¥81 P2%ResSi & At Bt ed
by sense anplifieathéf. thHherafrecelyfod |diditg tikes" fbei agd Ilfz ILNSG
anplifier 100, ?&OU{Id reference signal is 30 applied (i.e., 0V) to
the "active"” digit [iné 104 via node A and isolation transistor 108
(which is ON). To restore kerfddpsterted n (RIG.| §gi sendhhg the cel |

must be accesgedeohfdleridd any %tfogeﬁéés él‘?fl‘*ﬂlle)f: Pl Eb&e@ts to

illustrates a second. enpodi nen i nventl on. One di fference
bet ween' t he enboﬁ?ﬁ‘ﬁﬁ% oo @§ 1E°]a?1fdl%n|tsratnﬁ&ts PR EPE vz node A.
coupl i ng/ decoupl'rngs eorifect icap betvoss d3tke binpldiféegonnecimil to

nodes Aand B [ 4D5tat Al didgabty: | fodll f lrd diasalfd 20910248 10

FIG 1. As ill ust rate sensi ng 5 Connect I on sense
anpl i fier 100 cofEerOd®" 3d0ni nERTRYRL o¥3§ Qfl £oPBAing dderardringng
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connects to ""gut-node" 30(351%1189@? Asens.lng connecBibh! 27kYof SENHAY
connection 178 of S]S][ I|f| er 100 co nect.s to teF) Eal 107b, of
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"gut - node" 302. J&Iéﬂ NAlp 1444 <2f 160Upld ”ﬂé&h%ﬁlb‘%l 't%n@i@i‘giétﬂfs %4
connects to signa rlvg1 142 (as in 1). Term nal

coupl i ng/ decoupI]F &% 6F #456¢ ecgﬂ‘ét't‘}f’ SutProdeTespinak Ydde
B.

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 lines.
"Gut -node* capacitance 404 1is 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 cof FIG. 3.

a5 Coupling/decoupling capacitor 410 has a first
and second connection terminal, wherein the first



FIG 4 shows an electrical representation of the coupling/decoupling
device configuration used in FIG 3. As described in the previous
par agraph, as coupling/decoupling capacitors 134 and 144 are
respectively connected to "gut-nodes" 300 and 302 as opposed to
directly connecting themto the digit lines. "CGut-node" capacitance
404 is electrically represented as a capacitor having a first
connection to the "gut- 30 node," and a sggond connection to ground.
The "gut-node" capacitance is not a fabricated conponent, such as

coupl i ng/ decoupébﬂﬂe&@mpltte%lﬂw 415 receARe@XLSEHRGN PRE Asdddupling
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AV yope = C.+C XAV (2)
node

gut-

where AVy,: is the change in voltage on the "gut-node,"

15 C. is the capacitance of coupling/decoupling
capacitor 410, Cgyu-nese iS the capacitance 404 of the
"gut-node, " and AV., is the voltage switching magnitude
generated by the coupling/decoupling drive voltage
signal (V).

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,
Vesr 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.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 (Cgu.nce) 404 is a
parasitic element. The signal driver devices {132



20Conparing the electrical representation of FIG 4 with

coupl i ng/ decoupl i ng devices 130, 140 in FIG 3, coupling/decoupling
capacitor 410 is equivalent to coupling/decoupling capacitors 134 and
144. Also, Vest, is generated by the first or second signal driver 25
devices 132, 142, wherein signal driver device 132 generates a first
drive voltage signal (Irm) and signal driver device 142 generates a
second drive voltage signal (Vesi,2) . The voltage sw tching
magni t ude ANT, m generated by both drive voltage signals Ves, provides
30 the necessary signaling for coupling or decoupling voltage onto or
of f of corresponding digit lines 102 -a 8 104. The "gut-node"

capaci tance (C90 de 404 i c el epent, ,The sjgna
driver devices 1%2‘% %’@rat% tﬁ"fﬁ? I ﬁg ?@“Pﬁén%(ﬁ’fﬂr’fanb‘?](fg@&pl i ng
drive vol tage §ilgﬁal% Heg) tHat are tesedved dybgpoumlimo/dgiaimidngl i ng
capaci tors 134 capdcithks 1Be a4 t1aldi nornler aﬁ:&idhliﬁg Eha@g ki on

(I owto-high o | tude LCvalL
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li ne. swiErRing gropoSuds, sv §9FH5T1W Fhethersvagtagme is

capaci tance vakoepbsd dmuptlduyadxe&eﬂpﬂnongthapﬁg&tolirfélo and the

vol tage | evel change A\/Eqaaﬂcglhqg} pﬁf&ﬁ”&ﬁﬂ?hgoiﬂéréarsﬂﬁ% o - of

coupling or decougll can a% 1§§3 Z& a nt a connecti ng

coupl i ng/ decoufFP Sci't "fes 399 P18 ‘E°6‘ g6ito8dd %nd 302

i s that a.hi gherdf \E}a%t‘ﬁoéhaﬁﬁ Jsvederhange O¥samolt hwler percentage

coupl i ng/ decoufbicnfrfiichy o5 avpeief. orTbé@gﬂpalﬂ?lecat;pbtn_he much | ower

capaci tance valy gu oToToiN erring to equation
Bﬁl@&edh tl'?@ nt§€9 o%ngox%?gc&éﬁg

(2), it can be seen ‘d’ﬁ‘g f vol tage decoupl i ng
or coupling, tREBE dteﬁﬂ %'L EBB?:H%?@Pd’e}?o&E’}Pl Hf fRpagRtors 134
and 144 can be@@sabs’i@n&n&lﬂgﬂ ligsthads aghigisay ttrattideeorel atively | ow

it f éntifest Btage0 f FIG 1,
\?\ﬁg?gl cgﬂ(éf. (rjlg g;giléa | nsﬂfgg%gg&g%;d:ggfgﬁg} a%ilgédreégﬂoggegt ed to

respective dlglt |nes iVer
. value of "gut-nodes" 300 and 302, Referrlng 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 (Cagieisne) Of digit lines 102 and 104
required that coupling/decoupling capacitors 134
and 144 also bave a proportionally high éapacitance as
well. Therefore, the °gut-node" capacitance provides
voltage coupling with the use of much smaller.

kYl coupling/decoupling capaclitors 134, 144. This
advantageously enables the fabrication of physically
smaller capacitors within a DRAM memory device. Also,
for a given constraint in couplihg/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



25capaci tance (Cagiusim 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 "gut-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 is 35achievable in conparison to
coupl i ng/ decoupling voltage direQtly_fyomthe digit line (as in PIG
1). This - 20 - results because Cg, t-node is considerably |ess
]ge-g., Onette?i-éb)ulltbaﬁ?ﬁﬁsgl zlf.-gtu,g.,',;,?,;&j B@fmfa;d&aﬁo@;yepé@é_t I(gngz,(Oe Jcshea?ﬁ (2),
or a constant_yv e upl1ng upl ing capagi tan , e
smal | er Casi ubrfﬁan}rl\lg E‘g%“ Cct‘?‘ﬁ’é“ﬁi'gheer%%?ﬁgn% n??‘g%éo&s ner at ed
vol tage coupl i 3l dR) defFupl FRRptant value of |¢pupddag/desouphing gut - node”
capaci tance t ocdpacitafdedciive tha sialepunlnd. and dgcoup!img of
vol tage from tiigdiOihe BRScf 09 SENSSTeq WR,SEN Lfier 100
Is fired, botﬁmﬁgol t1on ran5|stor§ 106, i08 sﬁ%ul%ﬁﬁégg f%éd ei t her
fully OFF . or9®9%Pti%¥1y OFF. If transistors 106, 108.are fully ON
(i.e., in saturation), ¥opréecta ghe Tgutenodsot baphei thingkt td ivee
capaci tance angefda®ive Ut ﬂﬁg%oﬂﬂﬁg'iﬁﬁgcoupling of voltage
from the digit lines being sensed, when sense
10 amplifier 100 is fired, both isolation
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 capacltance is considerably higher than ;ﬁe
"gut-node" capacitance. Referring to eguation (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
QOFF.

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

30 driver device (132 or 142) is normally between groumd
and the supply rail (Vce) in order to maximize the
coupling/decoupling fraction. WNote that the voltage
lavel 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 than



iswill be electrically in parallel. Therefore, the total capacitance
will be the sumof both the digit |ine capacitance and the "gut-node"
capaci tance, wherein the digit |ine capacitance is considerably

hi gher than the "gut-node" capacitance. Referring to equation (1)
200r (2), the increase in total capacitance in the denom nator wl|l
reduce the voltage coupling/decoupling fraction or percentage

consi derably. Thus, the advantage of explﬁiting t he "qgut-node"
capacitance will be substantially dimnis &d"if the isolation

25transistors are fully QN ,Both isqlatjon transistars 106 Q
shoul d be eit heroﬁFc%qplplei‘lglll SFPlﬁpiﬁf; cggaﬁ% 9?:011_1}%3(30? n%?%%tc%!&,g t he
vol t age swit chi rigetwesn tande gigvesdigijeddngt eddbpighel siyivdr device.

SQdriver device (132 or 142) bpeP{BH lof RebWeRBoGIALRE S0d1idhes
supply rail (Vcc),.ip order to maxin ze the %ou | i ng/ decoupl i ng
fraction. Note t¥atltHRY M5 CEFETHR I"”Lt&’aﬁ& erspae FAVRre Emipg

varied (incressediagratecridanstyrabet vieeFI&.Ei.r shsasboan se anishivgl t age
by the 35signal Sf%@{zfeém A gl §&’ePrtol‘£%)ce'tsQ %ﬂs&t&i’f‘r%,h%t 2
nore than - - on

coupl i ng/ decouplin ractidn. SO note tha

.

coupl i ng/ decoupl § Hae dapadi ¥o¥dhine pelésanceigerbcilketVonp) devapplied
digit line and sggngdtdlrisvecfdeyhfSistor 118. The magnitude of this
voltage signal ensures that memory cell 116 is fully

10 turned ON during the subsequent sense and restore
operations.

As shown in timing diagram 504, at time t,, an
IS0 gate signal 506, is raised from Vece/2 to Vecp so
that the gate voltages of isolation transistors 106

15 and 108 are raised above their threshold value. Thisg
turns isolation transistors 106, 108 ON such that the
voltage on "active" digit line 104 and "xeference®
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., stored logic "1i"} and
isolation transistor 10B 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. 2as the

3¢ "activer 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
nactive” 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.



The operation of the enbodinment of FIG 3 will now be described with
reference to the timng s diagrans illustrated in FIG5. As shown in
timng diagram 500, in order to access nenory cell 116, at atinme t"
a wordline voltage signal 502 (Vccp) is applied to gate 122 of

transi stor 118. The magnitude of this voltage signal ensures that
menory cell 116 is fully to turned ON during the subsequent sense and
restore operations. As shown in timng diagram 504, at
time to, an 1 SO gate signal 506, is raised fromVcc/2 to Vccp so that
the gate voltages of isolation transistors 106 is and 108 are raised
above their threshold val ue. This turn82i-sol ati on transistors 106,

108 ON such that the voltgge on "actjye" di%%ié_t i ne 104 an
"reference” digit |ine PE3SEFRS: ER T VERS 8Pettin et t’-“‘ed-'ut nodes"
300 and 302, akHeagate lsdguabriver 3pmlmddtd»yis®0asmm ng connections 180

and 178 of Sen%&:ﬂﬂsﬂé’&ﬂﬁsf hE& alﬁoloa returns to %87179 el agtes . 508 shows
t he bias vol tagﬁs at!

des. |II,u rated, prior to
time t" both gdtRote e?og o 674 gf% |as:g‘iB &P %’6’5‘ 5°Rt t" once
menory cel$ 1160'{\131%':61?3FBF%CPFIFOQNPEI@WQeimdﬁsbduatumshpmm stor 108
are accessed, gheeitliAlcasbarqieyishieRg1OF Qs 1St REN solbtdye” di git

line 104 and y. I hj S ta |ncre (V2) in
the "active" nﬁg&? Jf&ﬁjecﬁl}gg q‘\71-(l);l %édé‘ga'jig ?ﬁle\ﬁ% Sﬁe‘ihf l'i ne
104 and gut - no8Be 3brFrgasedorrtdred %Q&tt%’émc E‘F-ﬂ%dvmai%oﬁa‘{il%
transi stor, theréfestnceduiigidddinkikissvedlizge 586 presemar ged to the
i ncreased g act iyeSréitiich bbfe guBsnoalit 306 M2 rHELERRS) 304 SO

followng time_to t od S 35 volta e512 sthe
sare a5 the - EreP el o matEafg the gt R VIR GAC 222

Referring to tERFREVRS &Gr &ﬁﬁ“@@ﬁ capneqtipnsg "17t3hén§a3e%° SJfgﬁa#SB%
applied to i sobapibfidy ansistors 106 and 108 returns to Vcc/ 2. (or

lower). This causes trapgj,Stids saeﬁcﬂeﬁé i&maaha&%t%r pEORULL ey
turn OFF gdependln g% i ce tg 4@% N8 el ther case |g|t i nes
102 and 162 ar 8“1:5‘%‘?%’[5 ¥ il épe"’lﬁ gjg’ij 17581083 N84 85
However, both. tike f.acveliass iacdsapapler]l firom| rmfememsevmmge and t he
"reference" di gihelioe o asanolofageumiagpdespling device 140.
Timing diagram 514 shows the coupling/decoupling drive
voltage signal (V,] 516 generated by sigmal driver
20 device 142. At time t;, the coupling/decoupling drive
voltage signal 516 makes a high-to-low voltage
transition from V¢e to ground (AVe,). This voltage
switching magnitude {AV.,) applied by sigmal driver
deviBe 142 to the capacitor network (C. and Cgy.peee}
25 decouples a desired percentage or fraction of the
"reference® digit line bilas voltage that is now stored
on "gut-node" 302. Thig is 1llustrated 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 is reduced in favor of
increasing the refresh performance.
The coupling/decoupling drive voltage signal
{Vesza) 518 is generated by signal driver device 132, As
illustrated in the timing diagram, at time t,, drive
a5 voltage signal 518 makes no voltage transition
(AVn=0) . Referring to equation (2), no voltage



| A) (stored) on both "gut-node" 300 and "gut-node" 302 respectively.
Therefore, these bias voltages are al so received at sensing
connections 178 and 180 of sensing anplifier 100. Now that
sufficient isolation exists between 15gut-nodes 302 and 300, and
digit lines 102 and 104, at tine t" voltage is decoupled from
"reference" digit line 102 by means of coupling/decoupling device
140. Tim ng diagram 514 shows the coupling/decoupling drive voltage
signal G c7,0 516 generated by signer drivét 20device 142. At tine
t2, the coupllng/decou ling drive volt ge sigpal 516 nmakes a

hlgh t o- Iom1vo|té§§uﬂﬁ HsPTi SRC IR 41t §- gr otmet=P H19299¥s Uiess a
vol t age swi t chi ngrotagiget tdeng A\AGn ama:lun:edlhytne gr@ipldnigy@ecdepl beg 142

to the capacitor o %1(: aé’ldg{r?ﬁﬁde Iesmﬂ_ﬁje% e .Fgr gef%age or

fraction of the "reference i ne’ age %t
stored on "gut-noHAt-302e"THOG i% uHQh§§9ﬁdted in timng diagram 508,

wherein the segond "gut - noﬂg"lﬁ@@c:\&aehaga éiansl;;eq%ﬁ% 2y, V&L at
time t2. Thus, the, . 30b| voltgge on reduce in

favor of increasitigi® ﬁe'r eré%ﬁe i 8?‘% er s "flred Thwherein the
coupl i ng/ decoupl icummehini nede ab i ag eveslitpael 5@v2aﬁ2¢oﬁmdh|nbdgenerated by’

signal driver deV’é}ne£%%onA§sé'ié“ﬁ éﬁ?@ﬁ R ohG. é)i“(Héf% 9e2BpBly

time t2, drive 35v0 si gnal kes no vol transition
(Ali mE0) . F@ferr|VR}QﬁSeéqEﬁt?%ﬁF(Qﬁouq@o vgpﬁﬁg%pnnECts gut-node 302 to

10 ground, as illustrated in timing diagram 508 at time t,.

At time t; of timing diagram 520, the P-sense amplifier
is rfired," wherein the common node bias voltage 524 on
common node connection 170 is raised from ground (oV)
to Vecc (supply voltage). This connects gut-node 300 to

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

As jillustrated in timing diagram 504, at time
instant t,, the isolation transistors are turned ON by
increasing the voltage of the IS0 gate signal 506 from

20 Vecc/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 charxged 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., AVNGE E=0) occurs unless a
voltage transition occurs in the coupling/decoupling drive voltage
signal (Wm. Thus, the bias voltage on "gut-node" 300 is unchanged.
As illustrated in timng diagram 520, at tine t" the N-sense
anplifier is "fired,"” wherein the comobn node bias voltage 522 on
common node connection 166 is dropped fromVcc/2 (half the supply
vol tage) to near ground. This connects gut-node 302 to 20 ground, as
illustrated in timng dlagran1508 at timed™ ™ At tine ts of timng

di agram 520, the P _ reds \f
node bi as vol tage g% ?HBE_ %b? Elecs‘é {rlllég On\ﬁ% |ts(,3 trlal segmgm
ground (0V) to \/ctal(l%kﬁslmny (Q¥Et hgEgom T Qmme@né guThh®derdgdias is

the supply vol t ag81t Afe 'debaﬁbiﬁﬁﬁdfté}ntﬁm NGreted@hatm 58858t 1id® bias
i nstant t6. il stratedlnélmn di agram 504, at tine

instant t7, the V%UF%EEF &FOFP nSRst P e b§1FﬁEreaS| ng the
vol t age of the | Stupghimes/degoabldfig dyiwve Zﬂalﬁayezshgn&/mcaos (Vcs,_l) is

Consequently, an;gl Ml be e’ .3 active"
digit line 104 i sﬁetée%%bllggh fH’Qﬁerée a%tema%%%ﬁ P8d9§ﬁ§§gy vol t age

on "gut-node" 30br2BSHIISH pEcEipedtoby @&)@Fﬁ\#@redug@tvcﬂch@ange 1s'
Because nenory cgtﬁliédnm&lth@r“é&BlvéﬂsdiéitIﬁinkubhﬁsCNolﬁﬁﬁ@rytéé%é

capacitor 120 is ful rge y t supp
el ectrical charg8® vvl"JPKt S?Iaﬁern)?mE')cel’1p '?Lllréé) éf’aemqwg,%ggsfgpga Bé tFrrst
application afo aC@¢Eﬁ§£§f¢GbPagb1P9 griveuppltageolsigne) 630" fé&ivein.
digit line 104. 3RF Clog,&cl hbust sehes. d'(f)lflceé ai¥, onal begtggae@ﬁén Qr
coupling and decoupll oktage opto_ or fﬁ? l.ines"and th
respective "gut- ﬁ%d%%P RgtPfie" 28T Rg %ﬁﬂﬁ%ﬂ% bi-aph¥oltade
anplifiers. stored on gut -node" 300. Thus, the "gut-node" bias
voltage remains unchanged {i.e., no coupling or

1s decoupling). If the voltage is kept constant, no
voltage coupling oxr decoupling will occur.

As previously described, the refresh
performance of a DRAM device can alsoc 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 €12. 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 Vcec 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

36 {Viy,) makes a low-to-high voltage transition (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 "active®" digit line or "gut-node," wherein the fraction



Timng diagram 602 is identical to timng 35 diagram 514 shown in
FIG 5. Timng diagram 602 shows that at tinme t,, the second
coupling/decoupling drive - 24 - voltage signal 604 (VaLO nakes a

hi gh-to-1ow voltage transition (AV) fromVcc to ground. This provides
vol tage decoupling fromthe "reference” digit |ine bias voltage
stored on "gut-node" 302. The first s coupling/decoupling drive

vol tage signal 606 (404) is in the 'logic_high" state and nmakes no
voltage transition at tine t, Ther ef or €, 2ﬁo*voltage change is

applied to the "active" as v IS stor ut - node”
300. Tining diadt arﬁ%’b‘?%ﬁ%\/\sofﬁhﬁmﬁ’ oup %%XUBF ng drive
vol tage signal Gdfpgaktsy vlaﬂutehelnlizigt éorrmﬁ salaa@lt@caeagarln no

vol tage change is applied Agodgggrglﬁgéd tqhm;_ | ithe {":Ssﬁ’O' t age
stored on "gut-node" 300, Thus, the_ " ut node" bias vo ge remai ns

unchanged (i.e. cHPERPIdecqupting ‘%Fé’d{?uﬁfﬂlﬁ@?e ?-‘1-9‘?% \56 t AYenid s
kept constants n@awéld:taglenﬁdmphﬁ@n mlﬂ@oumhnﬁgt%hl {OGCYY - and

5GPyl ously desgbifeta YARCRLLRS PR IBIE: ol ROMLAH] 58 con

al so be inprove taeonto an~ actrve it
line or 20 "gut-¥ekkage mmeééam Uh&sﬁl a§toothvag'éa¢¢rewa digierkhoe"

digit line or "ou- nodEhe cmpéctcﬂg!d&e@&unhtﬂgtﬂéli/ﬁvéhgﬂéhs tf. (S
achieving this are s am 612. igr]?%dlaram 61
Shows that ot tiareqad Sl snelate B SrSiE val Frod. S38Hos iy
signal 614 (VYuLO(Vkesmay Hhegtikaps- kowavobnsiant n@d&at;eon(:(fw,, nof rom
Vec to ground. Th &&@‘E:‘iﬁ%ﬁ%ﬁﬁ?@u&?% e' bestégg\ﬁi;-hﬁo ra&s&&gfed

digit-line bias vol t age st ored gut - no

first coupling/ deRpt %g"r&fieﬁ'ﬁn?;'%ft%’gfb‘tsﬂdﬂl‘?&l 638 ZnCryaFingkehea
| owt 0- hi gh "vol tiaiges twaltsigel on thé/ tagtiver atgdtoundet @1dee, Fhes

d | t al bi | t
provi des vo ager%@%gge#%&g‘a}lgg gc&ls\be rmg)lergjvg i ne bias voltage

stored on "gut-node hi's cou ntagé or fraction of
the | owto-hithh vol t age t F2%§ £hah {IA\)&& )e“@ﬂ@émﬁﬁé gE ‘Fi&.i de"thegit

line or "gut-nodssupWhefkisecuptihgatitaciion 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., Cugiuine ©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.q., capacitor 134) and
the corresponding "gut-node® capacitance (e.g., Caut -node

25 located at 300).

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

3o 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



- 25 - or percentage of coupling is determ ned by the capacitor

values in the forned capacitor network. As determ ned at

time t2, the first coupling/decoupling drive voltage signal 616 (V=4)
5 makes a |l owto-high voltage transition taVani and couples a
percentage or fraction of the |lowto-high voltage transition (Allen)
onto the "active" digit line or "gut-node." In accordance with the

i nvention, the second coupling/decouplingadi-ve voltage signal 614 10
040, 2) may be kept at a constant voltage (i.e., no voltage

fj ransi It i on) suchehbaaimehwqq1hstﬂ@teaiefwgﬁcm1vfelgmhh@1beeg @rmleﬁ,
igit line. By ipcreasing. the hias v { "activel! digit line
al one, the refre ﬁli:ﬁePFgr?fﬁ#Créﬁi g"%’llag# ?é?r%er %rgdlg%fg%ﬁe\ﬁfaﬁ‘é’?e n the
enbodi nent of Fl Brotesebe THuphidngguery uptitnplileact?7énvda bus 771.
coupl i ng/ decoupl LRg;RELEFNIAAS afiadebor FoIeth dihilhareaRaGhEaBE L

t he coupl i ng/ decougl I ng gﬁgam to%ée.i;. , ca£a0| tor 134) and the digit
| i ne capacit aAcePpE¥ge? ¥ SPREFBHLCL (T {3 SRS FRIMg FhipsHE78 o3

Al ternatively, ipushe7erbatipmntieoicés @78, carhamaugei, Nngokr aghimphe pPra
coupl i ng percent ' eterm ned by J Cist f..t

coupl i ng/ decoupl ?% bé%ﬁgti cl)‘{r?ugg.' Qt%‘?t%ég Eordlfgﬁ)%ga%(frteggl' or any
correspondi ng "gathasderrrapFdateaneice. that @ilawsneduses toceapker at

300) . inbBeiRa O nthabyseémr eowes gldfit! QeRAlddsCYh8l can
"active" or "ref eregcg" \c,i\*lc%l]t | i nfs were, made, for. illustrative,
purposes. | n*cciPFIREs’ viTh STREPIRy eht THHEC IR g Fidoupl PRinteT,
devi ces are connetrt edyt otisfr apprppriaté deyide |dar@dlehatf paovedpoad

to a particul ar 889%6&3‘591&. fdeh user. Note tddiGi é)u“th i%e%}’§§‘§ nd
that incorporates the invention, stem 700 includés a plurality o

DRAM chi ps 775, SUpPBEel€HCeF7(76 Mt et i e Per ® si39lpnput
devi ces 774, out puputdongms ARFicand Spoérageldstireaga eWare$néldde,

DRAM chi ps 773 i ESEugﬁaﬂﬁfe,OfontehSr Mmof€ disk or tape dxives.

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 puxrposes of
illustration and not of limitation, and the invention
is limited only by the claims which follow.



enbodi ments illustrated respectively in FIGS. 1 and 3. Data and
control signals are transferred between processor 770 and nenory
controller 772 via bus 771. Simlarly, data and control signals are
transferred s between nmenory controller 772 and DRAM chi ps 775 via
bus 773. Input devices 774 can |nclude for exanple, a keyboard, a
nouse, a touch-pad di splay screen, % y ot her appropriate device
that allows a user to enter infornatlon into system 700. Qut put
devices 776 can to include, for exanple, a video display unit, a
printer, or any other appropriate device capable of providing output
data to a user. Note that input devices 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 VERLAIMAM sense anplifiers are provided that have

i nproved refresh performances. one skilled in the art will appreciate
that the invention can be practiced by other than the described 20

enbodi ments, which are presented for purposes of illustration and not
of limtation, and tHe iZvemdrndeyicencosdrosdygby the cl ai ns which
follow. WE CLAIM 1. A nenory device conprising: a sense
anplifier coupled todiswiscardhpsddond senpled hodbsrst and sanomolry
cell coupled to gﬁsih OégQS|ng node via a digit line; and a
vol t age coupling eV|c aV|ng an out put coupled to the first sensing

node, and that coupl es wlda0&A0 @chBeeh! £S5t L 15ENE1 A NGy gherein

vol tage on the second sensing node remains substantially constant
during the coupl pAge via a gigihelinsiordpddevice of claim1, mhereln
the nenory device is a dynanlc random access nenory . The
menory device of cl aifnVE ! M SONPHABIVBFTAGR %W‘i Lich &&HH&’& coupl es

the vol tage on theupi&st teensé nei lasafdiely hbaeeaRAYtEEt | cdoples
accessed and before the sense anplifier is fired. 4, The nenory

devi ce of cIa|n1YOlﬁﬁ%?e?ﬂt?hEh%d?F§§éﬁﬁ@ﬁ&PHn@OQ@V|HBeE%h%rlses

voltage on the second sensing node remains

substantially constant during the coupling.

2. The memory device of claim 1, wherein the

memory 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



a voltage driver having an output, the voltage driver operative to
generate a first or a second voltage signal; and -28- 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 first sensing node. 5. Thf menory device of claim4,
wherein the first and second voltage s %hals are of different voltage
swi tchi ng magni tudes, opposite switching transitions, or both.

6. A nenory device conpri sing: a sense anplifier coupled to
first and second sensi ng nodes; a nenory cell coupled to the
first sensing node via a digit line; and a vol tage decoupling

devi ce having an output coupled to the first sensing node, and that
decoupl es voltage fromthe fjrst sensing node, wherein vohiage on the
second sensing node r@nERRRCHs VRSl yf&BﬁEtBﬁFmﬂi‘ﬁJrn?g“ e

geC_OlJpl i ng. | s_ezonahgeﬁmmay, dewé el it Gﬂea:inmng,l wﬁepeba tbegn@_rmry
evice is a dynam ¢ random acces nory. : e nepory. device
of claim6. whor SFVEReCOBPHEGEN Lo SRt AT "abe SABPLET He
voltage -29- fremet ferkirsknsengi fgdeode after the nmenory cell is
accessed and before the sense anplifier is fired. 9. The nenory
device of claim®6, wherein the voltage decoupling device conprises:

a voltage driver having an output, the voltage driver operative to
generate a first or a setmdStYagevdicgnal; Caadm 4, wherein the

first and second vcltage signals are of different
voltage switching magnitudes, opposite switching

transitions, or both.

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 &, wherein the

voltage decoupling device decouples the voltage



a capacitor having a first termnal and a second termnal, the first
term nal coupled to the driver output and the second term nal coupled
to the first sensing node. 10. The nenory device of claim?9,
wherein the first and second voltage signals are of different voltage
swi t chi ng magni t udes, opposite smﬁtchigg transitions, or both.

e

11. A menory device conprising: a nse anplifier coupled to
first and second sensi ng nodes; a vol tage coupling device having
an out put coupled to the first sensing node, and that couples voltage
onto the first sensing node; and a vol tage decoupling device

havi ng an out put coupled to the second sensing node, and that -30-
decoupl es voltage fromthe second sensing node during the coupling of

voltage onto the first sensing node. 12. The menory device
of claim1l, whefepn the Fbndkysers4ine noslegadygantber apdony acekks
nmenory. is 48cedbEd BB e GReOkepkdl Bhngliriupther

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

14. The nmenory device of claim 11, further conprising: a
digit line coupled tg a I ad_to-t first P de,
wherein the voltage ggo'u;‘)]ﬁae%[{ eo\% cgegggﬁl gg ?/Jgﬁ”tr}ég%’ o‘ﬁ}eé(}setlﬁg tgl%gi t
i ne. vébtadhedervowr yineviaw w@f compirisgs; furt her

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

the second sensi ng néde/olMigarceidrives Hhayingl ameowiarwes tdw aldkgeence

gihgi Ej i ! : ?el ?QS the;volt 898 decPuptd b fisviree sdegeup! 65 yokiagesfrom
J ' voltage signal; and

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

the first sensing node.

10. The memory device of claim 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



-30 -

decouples voltage from the second sensing node
during the coupling of voltage onto the first

sensing node.

12. The memory device of claim 11, wherein

the memory device is a dynamic random access memory.

13. The memory device of ¢laim 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 voltage coupling

device couples voltage ontoc 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.



