Bl AS SENSI NG | N DRAM SENSE AMPLI FI ERS Background of the Invention This

i nvention relates to bias sensing in DRAM (dynam ¢ random access nenory)
sensé anplifiers. s Mre particularly, this invention relates to inproving
the refresh performance of DRAM devices. As a result of charge | eakage from
DRAM nmenory cells, sense anplifier devices sense (or sanple) and restore
el ectrical charge within each of the nmenory 20 cells of a given DRAM devi ce.
In order to sense and restore the electrical charge of a nmenory cell that
is connected to a particular digit line, a sense anplifier conpares the

bi as voltage on a "reference” digit line. wth the bias voltage on the
digit line connected to is the nenory cell that is accessed (i.e., read). If
a logic "1" is stored in the accessed nenory cell capacitor, upon accessing
the nenory cell. stored electrical charge fromthe capacitor is shared
with the digit Iine. This slightly raises the voltage 20 on the nenory cel
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 menory cell digit line such that the nenory cell is
recharged and restored to a full level 25 of electrical charge. 2- If a
logic "0" is stored in the nenory cel
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ackground of the Inveation
This invention relates to bias sensing in

DRAM (dynamic random access memory) sense amplifiers.
's More particularly, this invention relates to improving
the refresh performance of DRAM devices. ‘

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

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

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

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

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

25 of electrical charge.



capaci tor, upon accessing the nenory cell, the absence of stored electrical
charge in the capacitor causes sone electrical charge present on the biased
digit line s to be shared with the nenory cell. This slightly reduces'the .
vol tage on the nenory cell digit line relative to the biased reference
digit line. The sense anplifier detects this voltage change and applies a
ground (GND) signal to the nenory cell digit line so io that the accessed
menory cell is fully discharged (i.e., logic "0"). The refresh tine or

i nterval between sensing (i.e., reading)‘fng restoring the electrical
charge wthin nenory cells is Iinited to the bias voltage is level applied

to the reference digit |i For, qnp e, y cell hol.djng an
electrical charge repreﬁta‘at]ﬂ%L of “a Il(?glséo‘rf " lflrsrﬁgogn&?d“ AN &FF finite

time interval Q=gjacestod| rtfpon Hm:aassrmg taepmefioay tchan deilsr bwmddat a

to” full valued %%me e T s
el ectrical charsgme;teitmtmctam n:ltaknge peesent oal ithei bllahaegi atigyitod fmeh. ’
When this occurs é@ hﬁﬁ%ﬂ?l I{é Q{th%rrryor&%ci slyﬂqtserﬂf rléhat a logic

"0" 2s is store§5|n the nenory oes not r1e€ t he nenory
cell el ectricalreduges the |\tq;1tfaﬂe ony gihge memogy, ceddi @igiy limeerefore, for

a menory cell storing,a dO%ie biased reference digit line. The sense

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

undesirably increases. This becomes progressively



"1," the refresh tinme nmust occur before the voltage on 30 the sensed nenory
cell digit line drops below the reference digit |line bias voltage.

O herw se, the DRAM device erroneously detects a logic "0." To avoid this,
the interval between refresh tines nust be reduced. However, by reducing
the interval between refresh 3s tines, the power dissipation wthin the DRAM
device undesirably increases. This becones progressively 1. - 3

‘orobl emati c as DRAM nenory arrays increase in menory capacity as their

' physi cal dinensions decrease. By reducing the reference digit line bias
voltage,* the time interval between the refresh operation (refresh tine)

i ncreases as a result of s providing angincreased margin for electrical
charge degradation in the nenory cell. However., sonme known nenory

devi ces; S%m%n&t&@l ase@inm nleﬁ@r?taﬁl'aydhﬁcr?@é@nitn N(émo§y79 288y drive
t he voltage on b ence, sensed el.l Ilnes to a
hi gher pot et i ri@ VF ?% %ﬂ?nﬁﬁgﬁg I$EHE2ES - nf%&lﬁ%éﬁf nhg nenory cells
on the di glreﬁemmﬁlmmmysdeﬂm, the biws inteirvajebéweamy
particul ar gl ereandbgbtat idie (§8Brden aﬁéwcwcféaéésora%vs Lhgutlefgeesh
perforrgance I%y reduglnn théatféiéﬁl as voligrﬂ:]? %t h{f En]glr&%evel) t he
pr obabil i t yPEAVIHRS nexy DAFGHR | 103 £A8EETYS 9Rg reliability),
and t her ef oaegraddtelonem tlesl niemoxybeélken Hogkvesh mm&ﬂnoansmew;eases
Hovever, thg. | i6ld1SisRn0hs BYERA k! §n'ff@éc eCLENEYs. patent
No. 5,701,268, drive the voltage on both the reference and
sensed 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 wemory 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), and therefore,
the required time between refresh operations increases.
' However, the inclusion of dummy cells inefficiently
uses fabrication area, which is particularly undesirable in -
light of the trend towards smaller DRAM array devices with
20 increased memory capacity. For example, 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.

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

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

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



uses fabrication area, which is particularly undesirable in 1light of the
trend towards snaller DRAM array devices with 20 increased nenory capacity-
For exanple, Eto et al. U S. Patent No. 6,163,701 discloses the use of such
dummy cells. In view of the foregoing, it would be desirable to provide

| nproved refresh performance in DRAM nenory devices by varying the
threshold or bias voltage used in the sensing 25 operation. Summary of the
Invention It is an object of this inventiog to provide inproved refresh
performance in DRAM nenory devi ces by 30 varying the threshold or bias

vol tage used in e g i Qngid éggme with the invention, a
DRAM device is d%?%&? QEEB 1n9%§éé% u%a |ty of digit lines and a pIurallty

of sense anpl|fCeﬁpllﬂﬁédécéuﬁhlsﬁnéévbﬂﬁlh#?%ﬁg|§P(9HREQ&1QQﬁEﬂﬁdadKadjacent

pair of digit ltﬂ@sflgé‘ﬁhdil%lhﬁc?&hepéha 2f sk ghd cédﬁ!ﬁ‘ﬁ Jeddsles %Jﬂgst, and
second digit lines - device also includes a Tirst_voltage

coupllng/decoupﬁﬁﬁgcéehﬁﬁénﬁaﬁpnguEHUEu?%ﬁ@l%ﬂn&ﬁE&PQcﬁe??ﬂﬁf¢¥%&td|glt line

and a secondscoyphieng/ q‘a@oem!rsegvogeageec 1%%@1&@@;@@@&&%1& t he
second digit 5 line, The fi vol t age, cou gev1ce capacitively couples
a voltage onto FRABPEEFsE HP Ff*‘gFl fABt Hh?h Yol 1BgePRS U ng devi ce

capacitively degéd@h&Svaltagéoadupmihggeeﬂ@m &épa@ﬂcméllﬁl@&&odplr@s aherein
the second voltage from the second digit line, wherein the

first digit line is an "active" digit line and the
10 second digit line is a *"reference” digit line.

This embodiment preferably operates as
follows in accordance with the invention: an electrical
bias voltage is applied to the first and second digit
lines. Electrical-charge within the memory cell is

15 accessed such that electrical-charge sharing occurs
between the memory cell and the first digit line,
generating a first digit line bijas 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 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.



first digit lineis an "active" digit line and the to second digit line is a
"reference" digit line. This enbodinent preferably operates as follows in
-accordance with the invention: an electrical bias voltage is applied to the
first and second digit Ilines. Electrical-charge within the nmenory cell is

I s accessed such that electrical-charge sharing occurs between the nenory
cell and the first digit line, generating a first digit |line bias voltage.
After the nenory cell is accessed, voltage i.s capacitively decoupled from
the second digit line, causing a 20 reduction in bias voltage. The DRAM

sense anplifier is then fdrd %psg§59r9ﬁ51191§f5ﬁ§%eatffr$ie&ﬁd'é@@oﬁ@arge in

the menory cell to its deS|gnat charge_ va ogi C 1" or logic "0"). A
second enbodi nerenging DrRAMegsiobe VREI9iN akker Baree S#RBiB%e i nvention has

first and secongq &h@&élédd re%%pltegr §5 end §§fgedt&mﬂﬁa§tafsméeflﬁest
anplifiers, and first_ and second_vol tage coup g/ decoupl i ng devices. The

first and secondTangister nanchabe §eFPRE ESHﬁéEEl%ﬂnnqﬁélPPr%?u%%ﬁs 30

second transist Al @a€hf Hiae tarhiihal @ﬂdtﬁ@CQQGOhérﬂiQﬁblstﬂSﬁ segQeH
termnal of the flrst transi st or COUﬁ1 o the |i zgnectlfn of the
first digit |in®t U 1HSseaghgecer Bget R8YB Eﬁﬂ EEaREt $89r coupl es

to the line connpsiicess Had e sacpnd, dwgéte35 theefirst
coupling/decoupling device output couples to the first
sensing connection and to the first terminal of the
10 first transistor, and the second coupling/decoupling
, device output couples to the second sensing connection
( and to the first terminal of the second transistor.
This second embodiment preferably operates as
follows in accordance with the invention: a voltage is
15 applied to the first and second digit limnes.
Electrical-charge within the memory cell is accessed
such that electrical charge sharing occurs between the
memory cell and the first digit line, generating a
first digit line bias voltage. BAfter the memory cell
20 1is accessed, the first isolation transistor is switched
ON so that the first sensing connection couples to the
first digit line, and the second isolation transistor
is switched ON so that the second sensing connection
( couples to the second digit line. The first and second
25 isolation transistors are then switched OFF so that the
first and second sensing connections are electrically
isolated from the first and second digit lines.
Following the isolation of the sense amplifier
connections from the digit lines, a second voltage is
30 capacitively decoupled from the second sense amplifier
connection, thus reducing its bias voltage. The DRAM
sense amplifier is then fired in order to restore the
electrical charge in the memory cell to its designated
charge value (logic "1" or logic "o").



- 5 Each sense anplifier has a first and second sensing connecti on,
wherein the first sensing connection couples to the first termnal of -the .

first transistor,

coupl i ng/ decoupling devices has an output, wherein the first

coupl i ng/ decoupl i ng devi ce output couples to the first

and to the first termnal of the 10 first transistor, and the second
coupl i ng/ decoupl i ng device output coupl esé o the second sensing connection
and to the first te%ninal of the s?cond transi stor. This second enbodi nent

preferably operBs

is is applied
the nenory cel

and the second sensing connection couples s to the first
term nal of the second transistor. Each of the first and second voltage

sensi ng connection

d8th the invention: a voltage

Lo the firgheandopecond Stﬁéi;bbféétsEiﬁHtEBGthSBQEQSf“”th'n

I S accesse such that electrical charge _sharing occurs

between the nekbeylaventins whdlf PRs®PBREPRL| MRen gRREideragiah Pfrst digit

line bias voltagge éBHQBWEBQ HEEBEYe@ehésaglpﬁléﬁceﬁéﬁén e first isolation
transistor i s sw tched ON s hat first sensi_n connect, i on QOUp| es to

the first disgi FORIHBCLARG VHEhséBSnaCFQBPQPY6H9t?5 WiBgs, ipsWBACPched ON
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FIG. 1 is a circuit diagram of a first

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

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

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

‘the invention;

FIG. 6 is a timing diagram illustrating
applied signal voltages for coupling and decoupling
voltages from digit lines during the sensing of a
memory cell according to the invention; and

F1G. 7 is a block diagram of a system that
incorporates the invention.

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

lines, capacitively coupling voltages onto "active"

The

tion_.trans tﬁrs are then switched OFF so that the



I solated fromthe first and second digit lines. Followng the isolation of
the sense anplifier connections fromthe digit lines, a second voltage is
30 capacitively decoupled fromthe second sense anplifier connection, thus
reducing its bias voltage. The DRAM sense anplifier is then fired in order
to restore the electrical charge in the nenory cell to its designated
.charge value (logic 01" or logic "0"). - 6 - Brief Description of the

Drawi ngs The above and ot her objects and advantages of the invention wll
be apparent upon consideration of the follow ng detailed description, taken
in s conjunction with the acconpanying drawi ngs, in which |I|ike reference
chatacters refer to like parts throughdut, and in which: FIG 1 is a
circuit diagramqf a,first enbodinent of a DRAM menmory circuit according to
the- io inventdiGtt ELRLSp 9% okl Nokg that, apdigidhldneoatbrcked | 1 st

embodi nent of t» aaupttagsedmemoltyacely dishdebighded iasveetihgnend! G 3 is a
circuit diagr + A0S 1:S, o€ M dL ment ry,circuit according
to the inven?ﬁ%ﬁ%vglGgﬁﬁﬂggJ%ﬁ'elgcéﬁ?@%ﬂq%gg%%gé%%ggggnxg? a second

enbodi nent of "REIYRI i AigHethidek aBd cohaning the same sense
5 amplifier is designated as the "reference" digit line.
Therefore, "active" and "reference" digit lines
. dynamidally change-based‘on which of. the two digit’
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, or by both
coupling and decoupling voltage onto and from these
digit lines, bias- (threshold) voltage sensing by the
sense amplifiers is improved.
FIG. 1 shows a DRAM sense amplifier
15 circuit 100 within a DRAM array, wherein sense
amplifier 100 is connected to a pair of adjacent digit
lines 102, 104 through a pair of isolation .
transistors 106, 108. Sense amplifier 100 is coupled
to digit line 104 through isolation transistor 108 and
20 coupled to digit lime 102 through isolation
transistor 106. 1Isolation transistor 108 has
terminals 109a, 109b, wherein terminal 109b connects to
digit line 104, and terminal 109a couples to sense
( 'amplifier 100. Isolation transistor 106 has
25 terminals 107a, 107b, wherein terminal 107b connects to
second digit line 102, and terminal 107a couples to
sense amplifier 100. '
Both isolation transistors 106 and 108 are
controlled by a multi-level gate driver 110 that
30 simultaneously applies suitable drive voltages to
respective terminals 112, 114 of isolation
transistors 106 and 108. The drive voltages switch the
isolation transistors 106, 108 ON or OFF to control the
electrical isolation between digit lines 102, 104 and
35 sense amplifier 100. A plurality of memory cells such
as memory cells 116 and 150 are connected respectively



the invention; 20 FIG 5 is a timng diagramillustrating various signal
vol tages corresponding to the refresh operation of a DRAM menory sense
anplifier according to the invention; FIG 6 is a timng diagram
illustrating 2s applied signal voltages for coupling and decoupling
voltages fromdigit lines during the sensing of a nenory cell according to
the invention; and FIG 7 is a block diagramof a systemthat incorporates
the invention. 30 Detailed Description of the Invention The invention

provi des DRAM sense anplifier devices wit® irnproved bias sensing. These
sense anplifiers include additional devices_for either acitively

decoupl i ng voItégeglﬂﬁénﬂiﬂéﬁeﬁéﬁcén diget 3g°¥|ﬁ%%rlgépaEPEYv%$W°€Bupl|ng

vol tages onto "@aghhwe116 aelagutsol hpessheimbohhridote that a digit line
attached to an accessed nenn Ia IS deS|g ated S bei ng the "active"
digit line. Adigit line E&F& fedd LhE IRGLPAGR 2 JYGRRSEPRET aht® sABRi ng

the same sense g e@plachiiter hsode&hgﬁaﬁﬁdthélghEe @Efefense tekgiisline.
LR e Tttt RERE T Bih s BTLER bl StgR g
Terminal 124 of transistor 118 connects to omne end of
capacitor 120, wherein the other end of capacitor 120
is grounded. The other terminal 126 of transistor 118
connects to digit line 104, at node 128.
10 A first voltage coupling/decoupling

( device 130 1is also connected to digit line 104.

1 Voltage coupling device 130 includes a
coupling/decoupling capacitor 134 and a signal driver
device 132. Capacitor 134 connects to the output of

15 signal driver 132 at node 136 and connects to digit
line 104 at node 138. Node 138 is the output of
voltage coupling/decoupling device 130.

A second voltage coupling/decoupling
device 140 is connected to digit line 102. Voltage

20 coupling device 140 includes capacitor 144 and a second
signal driver device 142. Capacitor 144 connects to
the output of signal driver 142 at node 146 and
connects to digit line 102 at node 148. Node 148 is

(; the output of voltage coupling/decoupling device 140.

25 Sense amplifier device 100 includes an
N-sense and a P-sense amplifier. The P-sense amplifier
includes a cross-coupled PMOS 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 pair having a first NMOS
transistor 162 and a second NMOS transistoxr 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



decoupling voltage froma reference digit line, or by 10 coupling voltage
onto an active digit line, or by both coupling and decoupling voltage onto
.and fromthese digit lines, bias- (threshold) voltage sensing by the sense
anplifiers is inproved. FIG 1 shows a DRAM sense anmplifier is circuit 100
within a DRAM array, wherein sense anplifier 100 is connected to a pair of
adj acent digit Ilines 102, 104 through a pair of isolation transistors 106,
108. Sense anplifier 100 is coupled to digit line 104 through isolation
transi stor 108 and 20 coupled to digit line 102 through isolation

e o %0 SR b AL Lk kol ffe 8280 | SIGT0A £0d 39y AL gHNEr el "

term nal 109b connec _ t I'ine 104, and t a couples to
sense anplifienod A &y ditdadrtleBNETaNsSUOE hik. 25A t epmineR| Rod®7a, 107b,

wher ei n terni ”a|colﬂyé%it5ﬁ5}{‘%65 Qwesh Qﬁglsd't_géﬁsigg@r 192i rafgh t ef

C g%ng% 107a
couples to sense anplifier 100. Both isolation transistors 106 and 108 are
control | ed by anaimalleykilasesd @tdVrGée 1halfnkke 3suRPhYl Fadbbus| Fhappl i es

suitable drive ypldafias é@ﬂﬁ%@e%i veiteam 82l scdivat dd4ppf cbebating
transistors 106 and 108. The drlve,voltages switch_the 1isolation
transi stors 106SCRPEIONSIE gonnestight 6P FReITePRL YiRaFureeta? on bet ween

digit lines 102trHikiastbBernsahagpeiteet i@y puplyr dhet Yomhowensay cells

such connection 166 from Vcc/2 to ground (0V).

Similarly, a common node connection 170

10 between PMOS transistor pair 158, 160 is normally
biased at about 0V (ground). The P-sense amplifier is
nfired” or activated by connecting common node
connection 170 to Vecc (supply rail) via turned ON
transistor 172. This effectively pulls the common node

15 connection from 0V to Vcc.

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

20 Note that for illustration purposes only,
digit line 102 is designated the "reference" digit
line 102 and digit line 104 is designated the "activer"
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 1line.

30 Thus, an increase in the voltage difference
between "reference" digit line 102 and "active" digit
line 104 can be accomplished by either decoupling
wvoltage 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



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 cel

116 i ncl

the gate of transistor
array. Term nal 124 of
120, wherein the other end of capacitor 120 is grounded. The other term nal

126 of transi st

or 118

udes a transistor 118 and a capacitor 120, wherein’
118 s connects to a wordline 122 (W) w thin the DRAM
transi stor 118 connects to one end of capacitor

connects to digit_ljge 104, at node 128. io A first

vol tage coupling/decoupling device 130 is also connected to digit |ine 104.

Vol tage couplin
a signal driver

g:§VIC

§0dé88ﬁﬁﬂ§ﬁgaf&%ipiéxﬂ%ﬂﬁ\%3}ﬁ%§t;é‘9 capaci tor 134 and

acitor 134 connects to The output of 1is

si gnal driver 1@?U@ﬂ1ﬁgd€eﬁgﬁpéhﬂgc@ﬁﬁb@%% 1¥0di @ ¢¢P@PQ@4O%IWMQHEGHS8 ‘
Node 138 is thet%tﬂ%oeiesyehaﬁgg & gpilmi@l@cmldéwl&mé& d80be fngecond

vol tage couplin

g/decou

I ng evice O is conpected to dlglt |ine 10

Vol t age zo coupﬁnngaﬁéﬁVEe @ASlFn%FHﬂe@rc%paE?f%ﬁeqﬂﬂ-aﬂﬂgh sttRfid S|gnal
driver deviceg 142. Capaci Fog. 144sn@w§e§ﬁse1§cti{@apuf@yfegénﬁagﬂ@h gdti ver

142 at node 146
t he output of v

e yeil

102 d d 148 i
Oe| PRPALLRIBFP AP HY RS SE ElRsobanpl i 11 er

devi ce 100 includeslaa 130 or 140). The digit line capacitance 204 is

10

15

20

25

30

denoted by Caigiriime @nd is electrically represented as a

capacito

r having a first connection to digit line 206

and a second connection to ground. The digit 1line

capacitance is not a fabricated component such as

coupling/decoupling capacitor 210. It is an existing

parasiti
circuit

c effect and is therefore not included in the
diagram of FIG. 1.
Coupling/decoupling capacitor 210 has first

and second connection terminals 212, 214, wherein first

connecti
drive vo
or signa
connects
connecti

capaciti

on terminal 212 receives a coupling/decoupling
ltage signal (V.,) from a voltage driver device
1 source. Second connection terminal 214

to digit line 206 and thus to the first

on of the digit line capacitance 204. A

ve network is therefore formed between

coupling/decoupling capacitor 210 and digit line

capacitance 204. By applying a suitable

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:

CC
C-+C

digitline

AV vops = x AV (1)

where AV, is the change in voltage on digit line 206,

C. is the capacitance of coupling/decoupling

capacitor 210, Cugiiine 15 the capacitance 204 of digit

line 206,

and AV, is the voltage switching magnitude



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 PMCS transistor 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 transistor 162 share a common connection 178 that couples to digit

| ine 102 through node B and isolation 35 transistor 106. Second PMOS

transi stor 160 and second NMOS transistor 164 share a conmon sensing 9
connection 180 that couples to digit line 104 through node A and isol ation
transi stor 108. A commopn node connect#®n- 166 between NMOS transistor pair

162, 164 is nornual i ased at V¢ hal f_ t he sy rail). The s N-sense
amptifier is gFPFtSaLg%%Yaé"lhfavﬁi’\éﬂl%ﬂ/@gﬁﬂ\éﬂ’r% r&@%% PLERSFe connection 166
to ground vi astignag2d (@) .t r BB6S stHranii68. iThistratéethe veduplingl s t he common
node connect i,ag 4860t '€$V3968e§é)£H“M69Q §&dQ41 . Simlarly, a common node

connection 170 |0 betwee transistor pair 158, 160, is normally biased
at about OV (ground). 'I‘FfE“PPréﬁﬁs'éh%rﬁﬂieicFFé?a]r Fepresepfatinn Q& vat ed by
connecti ng comwIgn Rosith conpdihygbdedotipliag \@evilcesppBy, radd )invi a turned ON

transistor 173z6This EhifGhpyRkloftidy LiFacBPR18008 edift-haagetion from
o to coupllng/decoupllng capacitors 134 and 144. ' Also,
Ve, 18 generated by each signal driver device 132, 142,
wherein signal drivexr device 132 generates a first
10 drive voltage signal (V,) and signal driver device 142
generates a second drive voltage signal (V.,,). The
voltage switching magnitude AVy,; generated by both
drive voltage signals (Vg,) provides the necessary
" signaling for coupling or decoupling voltage onto or
15 off of corresponding digit lines 102 and 104. The
capacitance (Cygiriiqe) 204 of digit line 206 is
equivalent to the parasitic capacitance of digit
lines 102 and 104. The signal driver devices (132
or 142) apply the coupling/decoupling drive voltage
20 signals (V) onto signal lines 136, 146, where the
‘drive voltage signals (V) are received by
. coupling/decoupling capacitors 134, 144, respectively.
The switching transition direction (low-to-high 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 (AVyy) depends on whether a voltage is
coupled to the digit line (increasing its bias
voltage), or whether a voltage is decoupled from the
30 digit line (reducing its bias voltage).

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

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



During the sensing and restoring operation, both the Nsense and P-sense
anplifiers are fired sequentially, with the N-sense anplifier "fired"
first, followed by the P-sense anplifier. 20 Note that for illustration
purposes only, digit Iine 102 is designated the "reference"” digit I|ine 102
and digit line 104 is designated the "active" digit |ine. Voltage
.coupl i ng/ decoupl i ng device 140 decouples a percentage (or fraction) of
voltage from25 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 4 h2s~-line. 30 Thus, an increase in the
voltage difference between "reference” digit line 102 and "active" digit
|line 104 can lsdeacouhdbingfiataywpling heapagdtanpt ishpuld/bet age from "reference”

digit line 102o5¢84Phatdly \ld 288th0(1/AQY | VEr tiigerdeR $84nor both
decougllng 3§ VoL&age frgn1"%%fergpce" d'%}t %éqgﬁéoz gnd_coupling voltage
onto "active" GEGFt LEPRCARPFLEPRES Y ol HAGYET ! 1 S48A§ iR ecoupl i ng
function of veaapagétanoepis npldédvedy ilaygdevilies 130, 140 depends on whet her
thelr corgespoRdpidng)§bloldiiey RafaARIRALehe pRBAE AN IACt! Ve di gl
line or a "reference dI&HI line. FIG 2 shows am electrica epresentation
of . '1ncrea§ed, ich regults in the fabrication of larger
".. capacitor devices at the expense of reducing DRAM
memory capacity per device size.
The voltage switching magnitude (AV.y)
( 10 generated by the signal driver device (132 or 142) is
noxmally between ground and the supply rail (Vce) in
order to maximize the coupling/decoupling fraction.
‘Note that the voltage switching magnitude (AVy,) can be
varied (increased or decreased) between a first and
15 second voltage by the signal driver device (132 or 142)
in order to vary the coupling/decoupling fraction.
Both the first and second voltage generated by the
signal driver device (132 or 142) are controllably
variable. Also note that more than one
20 coupling/decoupling capacitor may be connected between
any given digit line and signal driver device.
' In describing the sensing operation of sense
amplifier 100, memory'cell 116 is considered to hold
( _electrical-charge corresponding to a stored logic "1."
25 As previously indicated, during accessing (i.e.,
reading), sensing, and restoring the charge within
memory cell 116, digit line 104 is considered the
ractive" digit line, and adjacent digit line 102 is
considered the "reference" digit line. Also, both
30 digit lines are pre-biased at Vcc/2 (half the supply .
rail) prior to firing the N-sense and P-sense
amplifiers.
In order to access electrical-charge stored
within memory cell 116, suitable voltage is applied to
35 the gate of transistor 118 by means of world line

(WL) 122. Once the gate voltage is applied and



t he vol tage coupling/ decoupling device of FIG 1 (device 130 or 140). The
digit line capacitance 204 is denoted by Cd19;tli,e and is electrically
represented as a capacitor having a first connection to digit line 206 to
and a second connection to ground. The digit |line capacitance is not a
fabricated conponent such as coupling/decoupling capacitor 210. It is an
existing parasitic effect and is therefore not included in the circuit
diagramof FIG 1. is Coupling/decoupling,gapacitor 210 has first and
second connection termnals 212, 214, mhereln first connection term nal 212

recei ves a couptiogldeapligo;s e YahiGe o 997k dVGiipedsiam a Vol tage

driver device oOr S|gna sour ce onnect i’on terni 20 connects
to digit line 2eteghdicaliscomnedtaian rigt esdtapldaheshbettwern digit |ine

capact tance 204 ofn: 63PRCL 41 VEnd SHIETE [thd el droriel Dagen

coupl i ng/ decoupling capacitor 210 and digit |line capacitance 204. B
appl ying a sui tﬁSﬁ@CESVéb}ﬁpFQWQFeﬁ:cRRﬁ iifedaf CarAqidger 54%9116% Yt 0
connect i on {ef 8alig1e, 1¥Akt F6P SR hndieaaEiad domna e @il
digit I|ne 206. This“is also shown jn uatiop (1)..b CC +
C&g","" X e VaL°€$)1rﬁhE?EW%‘?PDE?Ea°Pﬁé’%t%Pg ‘{chltta r&ﬁﬂ 5q4g| t qq%e 206,
30 C, is the capacthanéEeotrccnmncngﬂgkuﬁnqﬂ|dupac1tor 120 discharging
onto "active" digitline 104, there will be a slight
increase in "active" digit line bias voltage compared
10 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
vreference” 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 therxefore to
ractive" digit line 104. Thus, the voltage on "active"
digit line 104 is received by the sense amplifier's
sensing connection 180, and the voltage on "reference"
30 digit line 102 is received by the sense amplifier's
sensing connection 178. Once the isolation transistors
are in the OFF state, sense amplifier connections 178
and 180 are isolated from respective digit
lines 102, 104. However, the voltages on digit
35 lines 102 and 104 remain stored on nodes A and B and
sensing connections 178, 180.



capacitor 210, Cdigitli,e is the capacitance 204 of digit |ine 206, and

AV,,,, is the voltage switching nagnitude - 11 generated by the .
coupl i ng/ decoupling drive voltage signal (VCSL). FIGS. 5 and 6 illustrate
the coupling and decoupling process in nore detail. Conparing the

el ectrical representation of s FIG 2 with coupling/decoupling devices 130,
140 in FI G 1, coupling/decoupling capacitor 210 is equivalent to

coupl i ng/ decoupl i ng capacitors 134 and 144. Al so, VCS,, is generated by
each signal driver device 132, 142, mhe[e'g signal driver device 132
generates a first to drive voltage signal % CSLi ) and signal driver device

142 generates a second dgm%evé %@99d§fEQ§E %é @étwg- ff%ﬁiéhlng

magni t ude Avacr. generate drive vo naI ovi des .
the necessary diimealli0dg ainglr "(mﬁplrﬁngebrdélﬁé;buib mﬂgl%llfageemlof@rw s of f

of correspondin érgllg't Ee c%%%saﬂg éﬁfs %@taggpgﬂf@f@&céccﬂ&ﬁ'w@) 204

of digit line 2 ent to"the parasit acitance of digit
lines 102 and 1§&nsimg %&m'adﬂeﬁéﬁsaep%égrmgge the) DR e e

coupl i ng/ decQupldaRg pér it fb%aagexaotérﬂsabs (:Mgsseﬂsﬁﬁ'éoo édteon j Nes 136,

146, where the _drive voltage,si are recejve

coupllng/decoupﬁpﬁgeﬁﬁﬂgéetoF§ef 4W1il4be igEécPF?%??lllqﬁeggvﬁqQﬁﬁng
transition direeaimpli fileawiioo- krgonebushiyghileckoihg obx t het valIege Sig t chi ng

magni t ude ClVCs%he appropriate electrical charge to an accessed memory
cell. Also, as the voltage difference between "active"

10 digit line 104 and "reference" digit line 1602
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 turn allows the

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

20 digit line 102. 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 "reference" 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



25 determ nes whether voltage is coupled onto or off of .the digit line.
Thus, the change in voltage on the digit line (AV,,,,) depends on whether a
-voltage is coupled to the digit line (increasing its bias voltage), or
whet her a voltage-is decoupled fromthe 30 digit line (reducing its bias
voltage). Note, from Equation (1) that by increasing both the capacitance
val ue of coupling/decoupling capacitor 210 and the voltage sw tching

magni tude AVCSt, a higher percentage (or fraction) of coupling or 35
decoupling can be achi eved. For exanple,‘t%? ‘decoupl e 10% of the bias
voltage fromthe digit line

12 _the coupling/ dec | i,ng _capaci.tance shoul d
be approxi mat elEFaGFSStERENLPE/ 1698 BF €t ‘hlggroggnt 'f%f lt’%ére%egilt“ 4R
capaci tance. Howeilelagel bnt hactiget digét Thpacidsarmsl ithe aelexiresley imrge,
{he 3 COUPlL 0/ decUl D SBRCL Lok UL P RPN Yt sg5ed, bl ch
reduci ng DRAM mmmnﬁyAcapchtyrpspedeiﬁekysize: The voltage sw tching
roan e (AUSL) 10, Senet kel gt 080k 6 iy (152 or 14 15
coupl i ng/ decoupldomgectionsoh80, N7 reaceivéictho|neapeafive Bias nagni t ude
(AV...) can be N3nigds(pPELEAECInOLndeeLEasR £ifd WerlEérdidst HYlic -

lines from nodes A and B, respectively. Prior to
rfiring" the P- and N-sense amplifiers, isolation

10 transistors 106, 108 are turned OFF such that the P-

( and N-sense amplifiers are isolated from the parasitic
capacitance of digit lines 102 and 104. Therefore,
gate driver 110 removes the previously applied voltage
from both isolation transistor gates 112, 114. This

is turns both transistors 106, 108 OFF, resulting in the
electrical isolation of nodes A and B and sensing
connections 180, 179 from digit lines 104, 102.

In the case of memory cell 116 (having a
stored logic "1"), the increase in the active digit

20 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

( "reference"” digit line 102 to ground (0V). The higher

25 bias voltage on "active® digit line 104 causes
transistor 162 to start conducting prior to the
conduction of transistor 164. Transistor 164 is thus
held in the OFF state when transistor 162 turns ON.

Once reference digit line 102 is grounded,

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

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

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



15 second voltage by the signal driver device (132 or 142) in order to vary
t he coupling/decoupling fraction. Both the first and second voltage
generated by the signal driver device (132 or 142) are controllably

vari able. Also note that nore than one 20 coupling/ decoupling capacitor nmay
be connected between any given digit line and signal driver device. In
descri bing the sensing operation of sense anplifier 100, nenory cell 116 is
considered to hold electrical-charge cor&gspondlng to a stored logic "1."

zs As previously indicated, during accessing (i.e., reading), sensing, and
restorlng the char I 6, t 0 si dered
the "active" 3 ?fie%%{]éa(‘l a%%ﬁféééz t?n% chQ'r % v'o'l'ieag]e fe e?% o
"reference" di gal: node. A Mnd, quo CH-IEl}ltt 1Il|nt¢eéoére ﬁrfe tthﬁased at vee/2
(half the Supplysoidthn Atifisitdl [INGHNE chies MG R YT RS G s NP I T er's.
In order to access electrica rge stored wthin menory cell 116,

sui t abl e vol tagéSP%aéﬁélﬁé‘Ef“t%he 3’?%@'%@@% H1488s 0% r " 118 by neans of

world line (W) 122. Oncegitie £6bEatvidd a0Quriss stop! 160G antkded ON anshstor 118
is fully turned ON, a IOM/lqg ance . electri.c ?I conne tJOﬂ i s, establ i shed
between terni n&Perge4veHrass(¥FCh nks (FupRdd °11§c Fidctivel y

connects one sidgneficapacalss, helcilinieamidy cell trans:Lstor 118 in the
ON state (WL active), the charge voltage on "active®
digit line 104 charges memory cell capacitor 120 to its
10 full capacity. Memory cell transistor 118 is then
( turned OFF by removing the gate voltage from word
line 122. The charge on memory cell capacitor 120 is
now restored and isolated from digit line 104.
1f, for example, memory cell 116 stores
1s relatively no electrical-charge (i.e., logic "0"), once
memory cell 116 is accessed, the charge sharing will
conversely cause the "active" digit line 104 bias
voltage to decrease relative to the "reference" digit
line 102 bias voltage. Once isolation
20 transistors 106, 108 are turned ON, both the "activen"
digit line 104 bias voltage and the "reference" digit
line 102 bias voltage are received by sensing
connections 180, 178, respectively. 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 "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



s to digit line 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 voltage conpared to wi.th the
bi as vol tage on adjacent reference digit I|ine 102. Therefore, a detectable

vol tage difference (AV) occurs between digit lines 104 and 102. Once nenory
cell 116 is accessed, gate driver 110 applies a gate voltage to gate
terminal 114 is and to gate ternminal 112 bf isolation transistors 108, 106,

respectively. This causes both isolation transistors 106, 108 to fully turn
ON. Wth isol afRBRCAtRFs 386r 166 2¥F 1FRNERFLedt &0 nEARF Rt3anT A

connection is eghableiShedrbativeep1poes Bigid 2dneseids encg 168 aid {hne 102
Sensi ng connection 178 of sense anplifier 100 connects to node B and

therefore to "Féferdnce” digit line 102. Sinilarly, with transistor 108 in
the ON state, an electricals i¢conaBegateod ifi BRGabh| s¥eslsbegween node A and
"active" 2s digit line 104. Segsin connegt%on 1§$ of sense lifier 100
connects to AodECRNETEPReA8PoPE FETS® RFPLAEIGT gf P01 TARNEEYS Hhus, the
vol t age on "act teemindilgitochi 6€ iBdlatsioncerardibyot heosense mogd ikier's

oeno! 19 comeel gl Abuanditen LELLRS, Bhen! ShergPeEr Socl |1 ne 207 1
i sol ation transispdrtion transistor 108 is referred to as a first
rgut-node* 300. Terminal 136 of coupling/decoupling

10 capacitor 134 connects to signal driver 132 {(as in

( FIG. 1). Terminal 138 of coupling/decoupling
capacitor 134 connects to "gut-node" 300 at node A.
. Similarly, sensing connection 178 of sense
amplifier 100 connects to terminal 107b of isolation

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

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

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

25 coupling/decoupling capacitors 134 and 144 are
respectively connected to "gut-nodes®" 300 and 302 as
opposed to directly connecting them to the digit 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.

a5 Coupling/decoupling capacitor 410 has a first

and second connection terminal, wherein the first



are in the OFF state, sense anplifier connections 178 and 180 are isol ated
fromrespective digit lines 102, 104. However, the voltages on digit as
lines 102 and 104 renmain stored on nodes A and B and sensing connections
178, 180. - 14 The voltage difference between "active" digit |ine 104 and
"reference” digit line 102 is relatively small. By increasing this voltage
difference, both the sensing and the refresh perfornmance of the DRAM devi ce
s can be inproved. In terns of the sensing pperation, for exanple, there
will be less probability of sense anplifier 100 erroneously aIIocatlng or
not allocating p e [ f#@% ny

cell. Also, as thﬁ\?g 58 Eé%?eggnggﬁbfe?év%en g%t(%oal %g}c:f? cﬁﬂ?l ne 104 and
"ref erence" di gdtllVBnEOlDagel atgnaseéVesthef xame |Vr¢t1é'.ra% Cbe?t\mererdmsary

refresh operatjgn n sly e
vol tage on "refé%e%cgﬂgg Eag’e'?gne {Sgﬁ%§§?n§1%_ ébfuﬁﬁegﬁfééﬁiﬁﬁg
which in turn aFkpasitas ﬁéOeCenﬂﬁpéélt@h%hge gmﬁa@%tﬁte@nﬁemmmw &@ll 116 to.

further detegi Oﬁﬁteef%ghoeanH@EE%ﬁgoynd@aeCﬁa@ée cdpiSifB8ANGo4 hat once the
deteri or at ed electrlcal-c arge 1n nennrchel 116 _i's accessed, the bias

vol tage on "acThezet 8F§vtaIFﬂﬁaﬁéﬁlV§ 3 V?rﬁlbﬁe$°¥m%ﬂ befesemce 20 digit
l'ine 102. Fb\ﬂ/eV@buﬁﬂ&ngsla@édaﬁIan thpabBtto£oL1@CindPefat Feedef the
i nvention, if no c g
capac1 04, wherein by applying a suitable
coupling/decoupling drive voltage signal (V) to
10 terminal 412 of coupling/decoupling capacitor 410,
( voltage can be decoupled from, or coupled to, the "gut-

node."” This is also shown in equation (2) below:

Cec
C +C gut-node

AV yope = x AVeg (2)

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

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

20 Comparing the electrical representation of

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

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

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

30 the necessary signaling for coupling or decoupling
voltage onto or off of corresponding digit lines 102
and 104. The "gut-node" capacitance (Cgu pn.) 404 is a

parasitic element. The signal driver devices (132



present in accessed nenory cell 116 (i.e., logic "0" stored), the bias

vol tage on "active" digit line 104 nust have a | ower bias voltage val ue
than that of 25 "reference” digit line 104. The aforenentioned increase in
the voltage difference between "active"” digit line 104 and "reference"
digit line 102 is achieved by activating voltage coupling/decoupling device
140 such that a 30 fraction or percentage of the existing reference digit
line bias voltage (i.e., Vcc/2) is decoupled from reference digit |line 102.
Thus, the decrease in bias voltage on "reference"” digit line 102, and the

I ncrease in bias voltage on "active" dlglt | ine 104 because of 35 accessing
menmory cel | 116 achi eves this vol tageldirfference increase. Because

i sol ation 15 stors 06, .108 are st,ill increase in bias

vol tage on " a&rl 333 dBERT 5% 5hf0ﬁ°‘¥?§'q%538%‘§?\+é§‘§e%ﬁvew% L35 t age on
"ref erence" dlsglg[naﬂ-snéVéI;DZ thppeare ateceivddsbh couplBngydspmailingg y. s The
sense anplifi e_.rtpgcgggi;g ng,4 chql@ngggl On&é%@at&ﬂﬁﬁ g:lgghggt?_gg respective bias

vol t ages presen %’ ﬁ reference I nes from nodes A
and B, respect3FECyion Jo‘?""ﬁ? g r?ﬁd”lglhh§°Fﬂ-°"Qnd> kheeMRktaghl ifiers,
i sol ations 10 tewditehdhgrsadifude08vay eldternédewhethelr vbatagdeid- and

N-sense anpl i fao%ﬁear Bo! &Pl dcRUph £8P tﬂéré‘féfd Qine.
i, Equation (2) shows that by increasing the -
' capacitance value of coupling/decoupling capacitor 410
and the voltage level change AVy,, a higher percentage
10 (or fraction) of coupling or decoupling can be
achieved. The advantage of connecting
coupling/decoupling capacitors 134 and 144 to "gut-
nodes" 300 and 302 is that a higher fraction or
percentage of voltage couplihg/decoupling can be
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 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. 1In 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 (Cagirisne) Of digit lines 102 and 104
required that coupling/decoupling capacitors 134
and 144 also have a proportiomally high éapacitance as
well. Therefore, the "gut-node" capacitance provides
voltage coupling with the use of much smaller.

30 coupling/decoupling capacitors 134, 144. This
advantageously enables the fabrication of physically
smaller capacitors within a DRAM memory device. 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



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

el ectrical isolation of nodes A and B and sensing connections 180, 179 from
digit lines 104, 102. In the case of nenory cell 116 (having a 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 anplifier is "fired." Once "fired," transistor
162 turns ON, connecting "reference" digit |line 102 to ground (OV). The

hi giter 2s bias voltage on "active" digj4 |ine 104 causes transistor 162 to
start conducting prior to the conduction of transistor 164. Transistor 164

i's thus hel drégh;m,ebgggug age eeﬂsté@iﬁu\g{,%lle%stSur(gsg n%me reference
digit line 102 is grounded 35 The ense anplifier is flre Upon
"firing" the % § aﬁn‘fﬂisiflrher %?f;lﬁﬁggo'in f%‘af:b?ﬁ% BN and connects
"active" digiandi(¥,10drtad canstamppiylueldfageupling)/decauptbngecti on 180 and

node A It w kLl &qt@agée%eqt eqhghgi{‘allie%obgt ion transistor must be turned
ON agai n once the, char tfage PiE-% § ed“t"8"*hode A fol | owi ng
the "firiSng" B9 tBesBA F‘% génerl%:leg BP Qfes°°upi~6119a9F el ectri cal
path betmeen démnuﬁtdnge voltage pr esent

In order for the "gut- node" capacitance to be
effective in the coupling and decoupling 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 capacitance is considerably higher than ;he
vgut-node" capacitance. Referring to equation (1)

20 or (2), the increase in total capacitance in the
denominator will reduce the voltage coupling/découpling
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 should be either OFF or partlally
OFF.

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

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

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



at node A and "active" digit line 104. If the isolation transistor is COFF,
“the charge voltage is isolated fromthe "active" digit line 104. 5 Wth
isolation transistor 108 turned ON, the charge voltage (Vcc) is supplied to
"active" digit line 104. Also, with nenory cell transistor 118 in the ON
state (W active), the charge voltage on "active" digit |line 104 charges
menory cell capacitor 120 to its to full capacity. Menory cell transistor
118 is then turned OFF by renoving the ggﬁg_voltage fromword 1line 122.
The charge on nmenory cell capaC|tor 120 i now restored and isolated from
stones is rel.atj vely no

digit line 104. 1f, for.exa y. cel 6

el ectrical - charage Fogpllf‘%ggﬁco@rf n%nccagoa%tr%)? Jtee 1qaes tfdcessed t he

ch?{ ge s?ar |dng betheen?)a?yrgna{rgno@lgﬂs: t?ené‘ agtd vsaigrch]guirivme dbﬁigcba as

vol tage to decrease rela ‘re ﬁn§ei{]gg as

voI tage Once isol ation ZJBM% %felorrg 1% 10 &“E ur ne%gcsj\jf(gbot h the
"active" digitwilhene@4bei dssoz-)ib%@éﬂldﬂu nefee rende rtan ciehte diigiing | i ne 102

bi as vol tagegar ¢Sh¥e géd%in CORPECt | oS hRlen 1408, e fudiSRpcti vely.
| sol ation trangfégors §'ll{',Msetfgaérecie] t%en turned OFF and %het sense 2s

anplifier is "fﬁ#é&?amTﬁgodeéFe9§%ﬁ¥rFQtﬂFG%ﬁﬁ|W@N°thiﬁ¥ 1}¥e BH ¥ias
voltage relativeime the a nefe1Eee voltiagiet sllg@gll@,:bgbl(a&-d@l tlgggpbgltg@ ected

by sense anpl 'f'eéa%eonzThS%e{':‘r’éEméé’é} M9 LR FAdhNal os tnis
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
ISO gate signal 506, is raised from Vcc/2 to Vecp so
that the gate voltages of isolation transistors 106
15 and 108 are raised above their threshold value. This
turns isolation transistors 106, 108 ON such that the
voltage on "active" digit line 104 and "reference®
digit line 102 are received by respective
"gut-nodes® 300 and 302, and are therefore received by
20 sensing connections 180 and 178 of sensing
amplifier 100.
Timing diagram 508 shows the bias voltages at
gut-nodes 300 and 302. As illustrated, prior to
(; time t,, both gut-nodes 300, 302 are biased at Vecc/2.
25 At t,, once memory cell 116 (i.e., stored logic "i"} 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. As 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). Also
following time t,, the second "gut-node" bias
35 voltage 512 is the same as the "reference" digit line

bias voltage.



sense anplifier 100, a ground reference signal is 30 applied (i.e., OV) to
the "active" digit line 104 via node A and isolation transistor 108 (which
is ON). To restore nenory cell 116 (to logic "0") , the cell nust be
accessed, thus, transistor 118 is fully ON. FIG 3 illustrates a second
enbodi nent of the 35 invention. One difference between the enbodi nents of
JFIGS: 1 and 3 is that in FIG 3 coupling/decoupling 17 capacitors 134, 144
are connected to nodes A and B rather than directly to digit |lines 104 and
102 as in FIG 1. As illustrated in FIG 3, sensing s connection 180 of
sense anmplifier 100 connects to termnal 109a of isolation transistor 108
via‘node A This connection between-s@RAse anplifier 100 and isolation
transistor 108 is referred to as a first "gut-node" 300. Term nal 136 of
coupl i ng/ decoupl i ng i o RefRrxingr te JMnisgndéagran dgnat Hive ek, 132 (as in
FIG 1). Ternithal ga88 eigmxuuplengpsieizauigbi dgolfrdaci t or 134 connects to
"gut - node" 30 ? $m ig | lsa # , LN ction, 178 of sense
anplifier 100%E§hﬁ§§ §r &' e%%?n% yfﬁ%%gﬁk %%ﬁﬁ%pﬁbﬁorigoy?ﬁﬁSistor 106 via
node B. This GbAmecanses HatansdatornséanpPpfterpatdaddy prol ation transistor
106 :_s ;ﬁfer@aﬁpuetaﬁyatmp@@? Z@éﬁeﬂ&@l@"oﬁ@evi@ {E‘h&@'shéff@).Of
coupling/decoypl Lig,c2PaLld 2'158e TAMIHS L0aSIH Are isolatea
. . from respective gut-nodes 302 and 300. However, both
the increased "active" digit line bias voltage and the
vreference" digit line bias voltage are present
/ 10 (stored) on both "gut-node" 300 and "gut-node® 302
respectively. Therefore, these bias voltages are also
received at sensing connections 178 and 180 of sensing
amplifier 100.
Now that sufficient isolation exists between
15 gut-nodes 302 and 300, and digit lines 102 and 104, at
time t,, voltage is decoupled from "reference" digit
line 102 by means of coupling/decoupling device 140.
Timing diagram 514 shows the coupling/decoupling drive
voltage signal (V.,,) 516 generated by sigmnal driver
20 device 142. At time t,, the coupling/decoupling drive
voltage signal 516 makes a high-to-low voltage
transition from Vec to ground (AV.,). This voltage
switching magnitude (AV.,) applied by signal driver
( deviBe 142 to the capacitor network (C. and Cgy.nose)
25 decouples a desired percentage or fraction of the
nreference" digit line bias voltage that is now stored
on "gut-node® 302. This is illustrated in timing
diagram 508, wherein the second "gut-node® bias
voltage 512 decreases (by V1) at time t,. Thus, the .
30 ° bias voltage on "gut-node” 302 is reduced in favor of
increasing the refresh performance.
The coupling/decoupling drive voltage signal
(Veera) 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



driver 142 (as in FIG 1) . Termnal 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 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 sécddd connection to ground. The

"gut- node" capacitance is not a fabricated conponent, such as_coupling/
decoupl i ng capact®¥PLiAD oY A§OUR 1ng i i€y PmmsT ) CTFPER tURHSF s2
toger Ief or /ednot i ln@d:yﬁl@gle u'fhrma:icdoﬁ G:&tiduﬂi agr &Meotgﬁbﬁinééd%&oupling

upl i ng/ decoupl ing capacitor 41 as irs an econd conpnection
ternmnal , \Aherei‘i}lrg’l’l% ‘F‘%’t’sﬁgq S:L@nagonﬁg@t)i'ontrpé‘ﬁm HEF gﬁsr 382?98‘? an
coupl i ng/ decoupl *@at -nisdee 300 tiagarstigimged .VCSL) from a vol tage driver
device or signal source. ,Term.nal, 414 of. c |.i ng/decoupl i capaci tor 410
connects to the "gut-node"Asa ]t%%tsrafjtoeé; Jt%eli%llrn d%%ﬁﬁé@\ i%’%'o %'gut-node"
capaci tor 404. fimeetfor ¢heaNeapaset anplagivor ksi 3fivedetd wheweén the

CO“P'!”Q/ deCOPf'%{;‘&m%%&é Y £ G AL g Er Y conh@PPHdey 404, wherein by
appiying a st aéognection 166 is dropped from Vcc/2 (half the supply
voltage) to near ground. This connects 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 "fired," wherein the common node bias voltage 524 on
common node connection 170 is raised from ground (0V)
to Vcc (supply voltage). This connects gut-node 300 to

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

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

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

25 fully ON, memory cell capacitor 120 is fully charged by
the supply voltage. Thus, the electrical charge within
hemory 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



coupl i ng/ decoupling drive voltage signal (VCSL) to i0O term nal 412 of

coupl i ng/ decoupl i ng capacitor 410, voltage can be decoupled from or .
coupled to, the "gut- node." This is also shown in equation (2) below. Cc A
YNODE C, C x A VesL (2) C + gw Rode where OV'QOCeis the change in voltage on
the "gut-node,"” is C, is the capacitance of coupling/decoupling capaci tor
410, Cy"t-"ode is the capacitance 404 of the "gut-node," and OVCSL is the
vol t age swi tching nagnitude gener ated by fe coupl i ng/ decoupling drive

vol tage signal (V,,,, : 20 Conpari ng the el ectrical representation of

FIG 4 with cou e {n e ut 0

coupling/decoup? %gg gﬁg %ﬁ% §$§Zu%§g ? hbghcoug?lngygecogﬁ ing
capacitors 134 amdn$dﬂumAlQﬁVGLN@%mmn§V@@n@¢agzmum@ t Hehis rsrovidescond -
signal driver 2 Lce ;%ﬁé ve 324
generates a flrggggxbgeé% 1£n§ ﬁ%@ﬁ ?Q@5L£?E éé é}&?ﬁrfS%% §EVICE 142
generates a schn@tégﬁv%t®n¢@a§@ W%¢@n@?d€VCSQ2) 1%% ﬁbrﬁhge swi t chi ng :
magni t ude LV%S’couBQQﬁ P&éﬁbﬁﬁifﬁﬁrB£H¢¥9v89££?99s§éﬂQﬁ|§0§t$# Lpnovides 30

t he necessary signaling.for coupl 1ng or decou vol t age onto or off of
correspondi ng ditgi thei ERIFPNIGHY %@ﬂteTﬂ%d"§ﬁ¥eﬁoﬂ%"v€é 8gft ance

(Cgut - node) 404tisnditped ast tttmel € entThehher siegnalo did Meigdl@trfe (182
applied to the "active" digit line bias voltage stored
on "gut-node" 300. Timing diagram 608 shows the first

10 coupling/decoupling drive voltage sigﬁal 610 (V) in.
( the "logic low" state. Once again, no voltage change
is applied to the "active" digit line bias voltage
stored on "gut-node" 300. Thus, the "gut-node®" bias
voltage remains unchanged (i.e., no coupling or
15 decoupling). If the voltage is kept constant, no
voltage coupling or decoupling will occur.

As previously described, the refresh
performance of a DRAM device can also be improved by
both coupling bias voltage onto an active digit line or

20 "gut-node," and decoupling bias voltage from a
rreference® digit line or "gut-node." The
coupling/decoupling drive signals for achieving this
are shown in timing diagram 612. Timing diagram 612

( shows that at time t,, second coupling/decoupling drive

25 voltage signal 614 (V.,,) makes a high-to-low voltage
transition (AVg,) from Vcc to ground. This provides
voltage decoupling from the "reference" digit line bias
voltage stored on "gut-node® 302. Also, at time t,,
first coupling/decoupling drive voltage signal 616

30 {Vg;) makes a low-to-high voltage transition (AV.)
from ground to Vcc. 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.,) onto the

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



19 or 142) generate the coupling/decoupling drive voltage signals (VcB,,)
that ,are received by coupling/decoupling capacitors 134 and 144. The
swtching transition direction (lowto-high or high-to-low) of the voltage
S switching nmagni tude &Vcs,, determ nes whether voltage is coupled to or
decoupled fromthe digit line. Equation (2) shows that by increasing the
capaci tance val ue of coupling/decoupling capacitor 410 and the voltage

| evel change AV.., a higher percentage _tg (or fraction) of coupling or
decoupl i ng can be achi eved. The advant age Gf “connect i ng coupling/decoupling
capacitors 134 and 144 tp "gut: nodes. 300 302 i s, that hi gher fraction
or percentage oF QSFFEBgagguﬁfiﬁ%‘f@%ﬁpﬁ ﬁd;e%ggﬁllﬁlgdlébgcﬁﬁ&ed. This is
due to the nuchcépaeitoapueitascin s Upmied guapamides’ #60wank.302.
Referring to equation (ZA Jj&tg%aﬂiﬂ’gdsaete"lzti%@tt fthg @ ven magni t ude of

vol t age decoupling or coup?i ng, the capacitance?6f coup*l ng/ decoupl i ng
capaci tors 134 apdplingfédacoup2ingudsiwnmtvaltiagd esignesl a6l 6sult,df the
relatively | pw CLt e+ Qf v 5 t&p,_cg\g%% : I e figuration
of FIG 1, V\geruelg%%%ph %g dggoﬁ?o%n‘é cdpaci t orssl?ttl)i?%ﬁn aQ%R’?SA“)l %ﬁé connect ed
to respective @PUPLeF| AcBeX0aNkREe 192, Ixartian &f Wy hpyhteshigbaci t ance
(Gojr jue) of gbwthgki BesndBicnd(AD4,) rdHHd ek thait GoWp! kaghidegour! i ng
capacitors 134

or "gut-node."” In accordance with the imnvention, the
second coupling/decoupling drive voltage signal 614
10 (Vyq.) 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 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., Cagitiine ©f "activer

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

( the corresponding "gut-node" capacitance (e.q., Caut-noge

25 located at 300).

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

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

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

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



and 144 al so have a proportionally high capacitance as well. Therefore, the
"gut - node" capacitance provides voltage coupling with the use of nuch. ’
smal l er _ 30 coupling/decoupling capacitors 134, 144. This advantageously
enabl es the fabrication of physically smaller capacitors within a DRAM
menory device. Also, for a given constraint in coupling/decoupling
capacitor size, relatively nore voltage coupling/decoupling is 35

achi evabl e in conparison to coupling/decoupéing voltage directly fromthe
digit line (as in FIG 1). This 20 results because Cg,t_Dde is considerably

:cess (e.g. : Otneenttﬁml 1h\¥eﬂt|§,aﬂ1¢dis?§&tédexlceﬁséetiiregy:Dneqnmsi omSafxﬁ) :aa.mdI |(2),
or a constant value of. cou g/ decoupl i ng . capagitance e smal | er
Cdigitis, e and E2%2 E 55h$ﬁﬂg g ﬁﬁﬁﬁ?fﬁﬂﬁeéfb%gﬁ%thed vol t age
coupling or de@mpiesmg:r hnooad&rmémryheoﬁgnblmerle'rnamm basce7Lo be
effective in th pI| nd_decqupl i f e I3t i nes
bei ng sensed,\J$ tg gﬁp?F&i% n€%89 ngbégg agot%ragg%ggf .
transistors $06behNkeﬂumuhdrbecbntneﬂlertﬁéE andI9REHFchQPSpaﬂﬁlauBy CFF | f
transistors 10%&9588} e by Blyi6bsCyral BaRAtHERLERY) £ohOkxSREN

line, both the I'i ne"Capacitance and gut - node"™ capaci anée |s
will be el ectri &giyibpaxd.par APkeR, FhepueBreadt éspdel Sargsaci PEneBWI 1| be

the sum of both Jhediggrobkri8te device that allows a user to enter
information into system 700. Output devices 776 can
10 include, for example, 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,
15 for example, one or more disk or tape drxives.

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.



capaci tance and the "gut-node" capacitance, wherein 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 denom nator will reduce the voltage coupling/decoupling fraction or
percent age considerably. Thus, the advantage of exploiting the "gut-node"
capacitance will be substantially dimnished if the isolation 25
transistors are fully ON. Both isolation transistors 106, 108 shoul d be
either OFF or partially OFF. As previously indicated, the voltage

swi t chiwg @eyTYt ude (AVcs] generated by the signal 30 driver device (132 or
142) is normally between ground and the supply rail (Vcc) in order to
maxi m ze the cou Iingédecougligg fraction..Note that the voltage |evel
change val ue (AVCSL) can DE VArf o8 ¢Fnt?Baked d¥° decreased) between a first
and a second vol tage by hé&goBd ségnal driver device (132 or 142) in order to
vary the coupling/decoupling fraction. Al so note that nore than 21 one
coupl i ng/ decoupl i ng capaeehdf ARDLlbéiebnpeerted betaeendany given digit |ine

now be_descr bed with §oibishobrhe PhaPTed; oo ol BERIED ol cofiti 89" 1
FI GS. Asas@ionwdén &mdi ng di agram 500, in order to access nenory cell 116,
at a a voltage coupling/decoupling device having an
output coupled to said node wherein said voltage device
couples voltage onto said node after said memory cell is

accessed and before said sense amplifier is fired.

2. The memory device of claim 1 wherein said

memory device is a dynamic random access memory.

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

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

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

output and said second terminal coupled to said node.

4, The memory device of claim 3 wherein said first
and second voltage signals are of different voltage switching

magnitudes, opposite switching transitions, or both.

5. A memory device comprising:
a memory cell;
a sense amplifier coupled to said memory cell
and to a node;

a digit line coupled to said node; and



time to, a wordline voltage signal 502 (Vccp) is applied to gate 122 of
transistor 118. The nagnitude of this voltage signal ensures that nenory
cell 116 is fully io turned ON during the subsequent sense and restore
operations. As shown in timng diagram504, at tine t0, an |1SO gate signal
506, is raised fromVcc/2 to Vccp so-28hat the gate voltages of isolation
transistors 106 is and 108 are raised above their threshold value. This
turns isolation transistors 106, 108 ON such that the voltage on "active"
digit line 104 and "reference” digit Iine 102 are received by respective
"gut - nodes" 300 and 302,vahtage ecohe! efiofdecaerl eg dyviee kamshggan

connections 180 a 78 of _sensin lifier 100. Timng,diagram 508 shows
the bi a1t age® ?c} E)%tg%b%e%oﬁgo"?}g%ﬁe%falpg Y?thig?a?%&lgﬁri or to (.
time t"dedOlpl gitvaDEese 30Pom 3921 @r€odé aseee At s¥/LE/ Remdby Abel D, 1 §NCE nMeENDIrYy
cell 116 (i.e., stored logic "1") and 1isolation transistor 108 are

accesseCCRIRY rakd| e Epme ged bhaF $REe odeRiE 5T HRY weenft Bedli ve" digit |ine 104
and nmenory cell 116. This causes a voltage increase (V2) in the "active"

digit |ine bias vl agee Aredbey 0e3ASL IRl gh U5 J08- 204 @9dyout -node 300

are connected via the turne Isolation transistor, t irst "gut- node"
bi as vahé¢raopey Sdévice chargedytant beramdorasecess ac¢moey. digit |ine bias
vol tage (V2 increase) Al so

7. The memory device of claim 5 wherein said
voltage coupling/decoupling device comprises:

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

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

output and said second terminal coupled to said node.

8. The memory device of claim 7 wherein said first
and second voltage signals are of different voltage switching

magnitudes, opposite switching transitions, or both.

9. An electronic system comprising:
a processor;
a memory controller;
a memory circuit comprising:
at least one memory cell,
a sense amplifier coupled to said one
memory cell and a node,
at least one digit line coupled to the
node, and
a voltage coupling/decoupling device
having an output coupled to the node wherein the voltage

device couples voltage onto said node after said memory cell



followwng time t", the second "gut-node" bias 35 voltage 512 is the sane as
the "reference” digit line bias voltage.

-29_

is accessed and before said sense amplifier is fired; and
a plurality of signal buses coupling said
processor to said memory controller and said memory controller

to said memory circuit.

10. The system of claim 9 wherein said memory

circuit is a dynamic random access memory.



