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10 cells of a given DRAM device. In order to sense and

restore the electrical charge of a memory cell that is
connected to a particular digit 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., Vec) to the memory cell digit line such that the
memory cell is recharged and restored to a full level

25 of electrical charge.



ground (GND) signal to the nenory cell digit line so
io that the accessed nenory cell is fully discharged
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bet ween sensing (i.e., reading) and restoring the
electrical charge wthin nmenory cells is limted to

the bias voltage 15 level applied to the reference

digit lines. For exanple, a DRAM nenory cell hol ding

an electrical charge representative of a logic "1,"
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mar gi n electrical char egradation in the menory
amplifier then determlnes 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 "Q"

25 1is stored in the memory cell. Thus, it does not
restore the memory cell electrical charge to its full
value (i.e., logic "1iv).

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

3s times, the power dissipation within the DRAM device
undesirably increases. This becomes progressively



cell. It is known that by including dunmy nenory
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particularly undesirable in light of the trend towards
smaller DRAM array devices with increased memory
20 capacity.

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 operation.

25

Summary of the Invention

It is an object of this invention to provide
improved refresh performance in DRAM memory devices by
varying the threshold or bias voltage used in the

30 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 an adjacent pair of digit

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



5 line. The first voltage coupling device capacitively
couples a voltage onto the first digit line and the

w6 emanelizsol t age coupling device capacitively decDupioes026736
a second voltage fromthe second digit |ine, wherein
the first digit line is an "active" digit [ine and
the io second digit line is a "vtaference” digit |ine.
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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 transistdrs, 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.



transi stor, and the second sensing connection coupl es
s to the first termnal of the second transistor. Each
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devi ces has an output, wherein the first

coupl i ng/ decoupl i ng devi ce out put couples to the first
sensi ng connection and to the first-termnal of the io
first transistor, and the second coupli ng/ decoupli ng
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Con5'8§r§£leﬂa€fthe 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 "1" or logic "o").



the follow ng detail ed description, taken in s
conjunction wth the acconpanyi ng drawi ngs, in which

wo pdoa/oester ence characters refer to |i ke part SPCT/US2003/026736
t hroughout, and in which: FIG 1 is a circuit diagram
of a first enbodinent of a DRAM nenory circuit
according to the 1o invention;_FLG 2 is an
el ectrical representation of a first enbodi nent of a
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desi grAEF 4 ei ng t he
FIG. 4 is an electrical representation of a
second embodiment of a coupling network according to
the invention;

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

FIG. 6 is a timing diagram illustrating

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

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

30 Detailed Description of the Invention

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

35 lines, capacitively coupling voltages onto "activer



"active" digit line. Adigit line adjacent to the

"active" digit line and sharing a commpon sense 5
wappkiotizesr with it is designated as the "ref ermpame’2003/026736

digit line. Therefore, "active" and "reference" digit

i nes dynam cally change based on which of the two

digit lines is coupled to an accessed nenory cell. By

decoupling voltage froma reference digit line, or by
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20 coupled to digit line 102 through isolation
transistor 106. Isolation transistor 108 has
terminals 109a, 109b, wherein terminal 109b connects to
digit line 104, and terminal 109a couples to sense
amplifier 100. 1Isolation 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



to digit lines 104 and 102. For clarity, only nmenory

cells 116 and 150 are shown in FIG 1. Menory cell 116
WO nipkoehisss a transi stor 118 and a capacitor 120¢T/US2003/026736

wherein the gate of transistor 118 5 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 cap%0|tor 120 is
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transi-ahgh 1 284 qshare §46°EH8EuESESEQ8acitor 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.

put

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 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
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that couples to digit line 104 through node A and
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166 between NMOS transistor pair 162, 164 is normally
bi ased at Vcc/2 (half the supply rail). The 5 N-sense
anplifier is "fired" or activated by connecting
common node connection 166 to ground via turned ON
transwﬁnuedﬂﬁbn'ﬂvdsuﬁﬁteebup&bﬁ mb|H&gﬁh81@Q@WQ@4n@ﬂQough

connectipon .16 ron1 cl2 r Si.ml arl
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palr:nﬁmnenﬁlqn;HﬁﬂwhwtwyenbNu§§dtaanshSMDropalr 162, 164 is
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activ y “connectin conne
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ef f ectdonftlon Riddes dohec@iBRAN1880R0 K2 ouAANYSh @RrheaMbN
OV to Vcc. Durln%é%he sgnsm and .réstoring operation,
d PT

both tHEAISHATe dRsELEREFiVEdYs PR SfFPédcommon node
sequeconalelayt,i on UMGtE&oN-veBSQ a&pbtbu@ﬁ %bwned"

first, foll t

that for 011 ust SAMLAR 28t pBeBermAR nods GopRechdonos 70

i Sodedegweead PMOS tmemenehoe"pdnguﬂssl|n601@% apdmally
d'g'tblb%%dlgi b%o@%sbganﬁggha? "a?kgvﬁ segkg'gmbigﬁler is

Vol t age coup decoug evi ce decoupl e
percen?&@@d(oPrfﬁééﬂWB §do YvSPP&QétﬂPQWPQEWPneHOde

"ref ecengec tdb@1u7blﬁa ¥eé Rgu?gmycea&h¢ Riias turakhags

his | I | d 130
ggyt( %FFéﬁngﬁ) 12300 apl ER4E %Eg8ﬁ§§§§ ¥oPil ?§¥¥§gﬁymapn node

vabtagennabolbheframtDVetodVgct line 104 to increase

t he bias VOltag?gren%htﬁ%e%Qﬁ51§8 1 Hsregngn%regggrﬁglon,

the voltage dif ween €r énce
102 aﬁethaébﬁvg“sépgﬁtanﬂlHeSQOﬂecamP@éfaecQHBEESﬁeued

by euge ﬁeaesaq@ylnaltuothegﬁ Eéﬁgb"éﬁbﬁﬁ?ﬁe%" "@higkln firse,
l['ine voltage to "agtive” digit |ine

104 P BSWﬁgpb gBFlﬁgse se amplifier.

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 line.

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

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



35 voltage from"reference" digit line 102 and
coupling voltage onto "active" digit |line 104. The
WO odotagessiNO 2004/ 021354 PCT/ US2003/ 026736 - 1BCT/US2003/026736
coupling or decoupling function of voltage
coupl i ng/ decoupl i ng devi ces 130, 140 depends on
whet her their correspondi ng digijtg |ines are
desi gnated as being an "active" digit line or a

"ref ereigeiny Bt dddupBidd Guktshnvo R Alkd i cal
representa&;onag t e,vok%g%? couplln%(decoup I ng

devi c&E PP HERG/ ECquRiing &S 249). THde dARANAY jqfe whether
c?pa;:it_tmgcxe dt&ité&pordfimg efidit Qdirgid laree ﬁﬁ%_idr&ted as being
el ectr renr esented .as a_ capacitor havyi a .

first dcr%:)nﬁ?lec ﬁv%ﬁ qunl |tgiqtn}e| & 206 %0 4TS s@@r‘kf line.
corfnection to gridighd.2 Biews gint dliemt ricajaciepareentation of

nota chabiydalaeth COARAGH) RNGH -
coupl i hg/ decoupl i ng capggalt/t or fg'snﬁgt dlieglgr? g)ifi Sf’tIIGﬁg 1
par asi {45V 18 &0 SFd 140)t-heTdRodd Fidt lilmel ¢apaciitamiese 204 is

Ci I cUidengitagr Y of,, FLG, dndi 5 QLM PULECPUAL I Psented as a
capaci tor Z%Orh s _Tirst nd, second cqnnection |, i

term TAPSHEDT 28X 10ghé& &it St Fopnecsdnde trofiGdtnildze 206
212 r eadi vae s egondu wlonmgictd omu b Bgoutd.ve Thel dAgat line

si gnal from.a lta iver .device_ _or signal
sourcgé%égggé c?oﬁ%e@%&o% %g?%ﬁﬁé?e§1205808gﬁﬁe§Pg a8

di gi t cPupd ingg dgreupldagt sapheitiors@10condéctisornokexisting

the dipgirhslichae %%E%%Et%ﬁﬁeigoﬁheéefgégaﬁEEiY AGHMA K the
IS theneforg f.Qrnme et ween coupl i ng/ decoupling
0

\ db
capacft&FU3t093AgTaMgPE Filfe lcapaci tance 204. By
apflying a suit?bhpl&ﬁgdﬂ@bbhpgﬁggc@HEEEEQOQ{b%g has first
vol t age 55 connection termna R
voItaggdcggggéddgggh%FggoprgﬁfmlBPgﬁo%gFedz?éf Uﬁ&??ln first
| i ne 2oBneThioni texminadhana raceéyeat aono(plihgl/@ecoupling

ELﬁtEEFggfagS%Egﬁggg? né%?ég§%5;%f%#g%i$+?§%¥€8%$iver 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 (Vesr) to
connection terminal 212, voltage can be decoupled from,
or coupled to, digit line 206. This is also shown in
equation (1) below:

C
AVwa==Eg:féi___XA;%& (1)

igitline
where AVy, is the change in voltage on digit line 206,
30 C. is the capacitance of coupling/decoupling
capacitor 210, Cgygiine 15 the capacitance 204 of digit
line 206, and AV, is the voltage switching magnitude



30 CC is the capacitance of coupling/decoupling

capacitor 210, Cdigitline is the capacitance 204 of
waole@in21354 ne 206, and zl VcsL is the vol tage sweTh51993/026736
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generated by the coupling/decoupling drive voltage

signal (VesL). FIGS. 5 and 6 illystrate the coupling

and decoupling process in nore detail. Conparing the

el ect %%gaﬁgar ?eEhgthﬁ Q&nggdghghpglﬁbtbrlvT voltage

coupl rng/decou eV|c

couplﬁﬁgﬂéécdﬁﬁn?ng EiB8ci Borng16 iilegtrdheehie geupling

coupl iaRg/ dReeuphin 9@a@esb0ﬁa aaéeaaet344 Al so,
VCSL i s generated each i n@ gr ver devi ce % "y £
142, wherein SFQWBFI&PHVE CdévEE rigi gefBFsFELgt1on ©

fimstmxc dei wéthokbage inggdako(ipdihy) demdcesgnalo, 140 in
drive i.ce e e ygl tag .

i velevincecliga DRLALER13a° R aBd IEbLe o8] LBy vatent
gener&De@omylbngﬁde@pppélvglFa@ecgtgﬁ§|g3@vggg)144 Also,

prOVIQES theg ?ﬁé?ééé&yb Ségeﬁlgmgnéyrdfpuaklagvgee 132, 142,
decoup “ng voltage _ontq or correspondi ng

d.g.twmﬁﬁeénlézggﬁa 954V3¥héevégﬁaéPFaHEBeFéﬁﬁélPI?ﬁéﬁt

204 OﬁxdwelbohtageZQ@ghal qqui valan digrhdle qarast tdévice 142
capaci t ance of

102 d 104. Th I
i veBeRBrRLes f195cope BEdysgptyapRestonal WD . mne
couplwngtdgeosphtngldglmagmathdgequmsggnakateHCEQ)both

ont o &q?%cgk;gggel§§ nhdG (bﬁ“ BEQ?ldg EﬁeVHFEQQSary

si gnal's elved |ng decou
capacistignalisg, f9¢4c0p@§5@5tpWeﬁycoupHéngwwpéﬁaﬂg OntO or

tr%ﬂSbEm06fdbb%9bbganehﬂ@-Haghtghlaes ﬁbqhaha-h@wo Offhe
the vol t age smntcglng ma nltude 3fdetern1nes
whet hERPFGREAFES C@@ﬁ@n %ﬁﬂ(?iﬂd%ﬁ¥t 10§ 104 t

l'i ne. eEhd&aléhe thanpe pﬁru@hta@ecapatheandegbﬁ ldiied t
e dNgTES| THE EEAcreds: ng e, &ibrad” 94z, ERYALES a2
mhethem a49¢|aagéy1sh@ec@upueagﬂﬁ@mpupélgg dirgivie Niodgage
(réfuggggﬁg%:ég:a§ ¥Atbage4nalot nekr 295 EAYaEi ORRELL the
drive voltage signals (V) are received by
coupling/decoupling capacitors 134, 144, respectively.
The switching transition direction (low-to-high or
high-to-low) of the voltage switching magnitude AV,
25 determines whether voltage is coupled onto or off of
the digit line. Thus, the change in voltage on the
digit line (AVy,:) 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,



bot h the capacitance val ue of coupling/decoupling

capacitor 210 and the voltage sw tching nagnitude
weOSt1358 hi gher percentage (or fraction) of ePoOUPEi0$026736

or 35 decoupling can be achi eved. For exanple, to

decoupl e 10% of the bias voltage fromthe digit |ine,

WO 2004/ 021354 PCT/ US2003/ 02673612--12 the

coupl i ng/ decoupl i ng capaci tance shoul d be

appr oghaatehpl ong/desblip{ ihd0tapatit &ncpeshenldobet he
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| ncre %ggca@QhEQ Egsyéﬁéti0e3261£§ é'cghéon of 'arger

capaci evil ces e expense O ucil n
neﬁnr9°BBbaEE{QeE@EPéévgcéaBﬁﬁétOIh@uﬁélbagBIQRPFEhPﬁglly

”Hgnl1HQ§eéEé&SC%hi@h@?@ﬁﬁ@t§dlﬁYtthf§b9ﬂéhtQthSE larger
device (132 or 142) is norgg XP%etmee

the SeABRGIFAF| AEVEESSiAC b Shar o PeaHRLng "Bram
couplmagbﬂgcoaphcmgyfpattdenlcehbieethat the vol t age
swi t chi ng nagni var |ncr d

or decreased) bé ggfg é% §§§g glﬁg ﬁ% Slég ésb

t he sggneratedvby ubelsegnaBzdnnvgn2§evnqeoKméa pc 142) 1is
vary ﬁameQyplbaeaQSﬁo 4Pblig %ﬁ&cﬁhgnsupﬁ@%hEEEQ f(vESY in

and second vol ta e ra e
devi CRTREB2tr MAABNIAP cLhENEPED] hBE {deyaRPhbRE. fRRGELON.

note ybeé HR&E thanv@neage seupthigg dRsgHPt LAE (AVEL) can be
e connected  bet ween iven di

t
kil efo iR Creraee EvreererredbobrBreg anslrst and
sensi sgcopéradilvagef bgehbe sagphlfdeivédOdembonr 1821 br 142)

116 'fn0893é9e§8dv£9¥2 g thﬁfiﬁé?aggéngsQﬁ?efractﬁon

cor respondr ng Vi ous
i ndi cBetl, th@rfhgsécééésﬁﬁgoQﬁ EOlta@eaﬂﬁhQFatgénbynghe

and r§§§ﬁa1narivsrcaavgsemuibznornﬁmﬁyyafslhoﬁ%§011ab1y
digit |I1npe i 4 is_considered active" digit line,

and atFEERR dlg?}sPlﬂﬁtEOEh?E mEBﬁsFBéPeathe
cef ecemping/getoupbengAtapachbdbh 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
"active" digit line, and adjacent digit line 102 is
considered the "reference" digit line. Also, both

30 digit lines are pre-biased at Vecc/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



30 digit Iines are pre-biased at Vcc/2 (half the

supply rail) prior to firing the N-sense and P-sense
wa@ppHiotizess. I n order to access el ectri cal - chapgEUS2003/026736

stored within nenory cell 116, suitable voltage is

applied to 35 the gate of transistor 118 by neans of

world line (W) 122. Once the gajg voltage is applied

and WD 2004/ 021354 PCT/ US2003/ 026736 - 13 transistor
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(AV) occurs between

Onc
o SREEeRsg; ai ShcEufeh GiGTR 1997 PYat "Feathss) pemparea
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Lo A3hel 18207 iRQLAELOD | LaASLaLOLE) 10001108, gifperence

resp ec I've Thi'S causes’ bot ron
106, iég)t@Cﬁuwﬁybﬁ@MneGNdeﬁthllnselépﬂ0ﬁndr3ﬁ§|stor

106 in the ON spake méflof eéé110§h6 EQnQ@EEbQQd'S?ate
est abl i shed bet ween_node and reference

l'i ne Qﬁivegeﬁépn@PEaﬁﬁéc?lSﬁt§7E°5Fag§eH§egaﬁﬁlFFF@%nal 114
1Q6 candeebsgheenedemBnandiibesef pse1h0ions ef erence”

digit_lLine.1l Wth transistor_108 in
oNgstganS&ﬁ98F80#5F¢ ﬁBXCoﬁﬁﬁe?F ﬁVF YestgéFFsﬂéﬂses both
bet wedsohatéon amensastove"10@s DI tol EnklgOdurn ON. With
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Thus, cpﬁgeggppagésoﬁstagi;g@ed between node B and
20 "reference" digit line 102. Sensing connection 178 of

sense amplifier 100 connects to node B and therefore to
"reference" digit line 102. Similarly, with
transistor 108 in the ON state, an electrical
connection is established between node A and "active"

25 digit line 104. Sensing connection 180 of sense
amplifier 100 connects to node A and therefore to
"active" digit line 104. Thus, the voltage on "active"
digit line 104 is received by the sense amplifier's
sensing connection 180, and the voltage on "reference"

30 digit line 102 is received by the sense amplifier's
sensing connection 178. Once the isolation transistors
are in the OFF state, sense amplifier connections 178
and 180 are isoclated 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.



digit line 104 is received by the sense anplifier's )
sensi ng connection 180, and the voltage on "reference
w@oeoodiogiss4 | i ne 102 is received by the sense anpCTABE03/826736

sensing connection 178. Once the isolation transistors
are in the OFF state, sense anplifier connections 178

and 180 are isolated fromrespective digit |ines 102,

104. However, the voltages on digid 35 lines 102 and

104 remain stored on nodes A and B and sensing
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o S48 eI, 116108 pBtisglate il B15) UefBrge on
104, ractive d1g1t 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 mon
stored), the bias voltage on "active" digit line 104
must have a lower bias voltage value than that of
25 "reference" digit line 104.

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

30 fraction or percentage of the existing reference digit
line bias voltage (i.e., Vec/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



The af orenmentioned increase in the voltage difference
between "active" digit line 104 and "reference" digit
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reference digit line 102. Thus e decrease in bias
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t ransetpoedibogiar hz" DN, thenhecreage 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 P-
sense amplifier, transistor 160 turns ON and connects
"active" digit line 104 to the supply voltage (Vecc) 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
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digit line 104 bias voltage and the "reference" digit
line 102 bias voltage are received by sensing
connections 180, 178, respectively. 1Isolation
transistors 106, 108 are then turned OFF and the sense
25 amplifier is "fired." The decrease in the "active"
digit line 104 bias voltage relative to the "reference"
digit line 102 bias voltage is detected by sense
amplifier 100. Therefore, following the "firing" of
sense amplifier 100, a ground reference signal is
30 applied (i.e., 0V) to the "active" digit line 104 via
node A and isolation transistor 108 (which is ON). To
restore memory cell 116 (to logic "0"), the cell must
be accessed, thus, transistor 118 is fully ON.
FIG. 3 illustrates a second embodiment of the
35 invention. One difference between the embodiments of

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

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



20 coupling/decoupling capacitor 144 connects to "gut-
node" 302 at node B. FIG 4 shows an electrica

wo egmesest ati on of the coupling/ decoupling derCT/®S2003/026736
configuration used in FIG 3. As described in the
previ ous paragraph, 25 coupling/decoupling capacitors
134 and 144 are respectively conygected to "gut-nodes”
300 and 302 as opposed to directly connecting themto
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net worfledes forTrhé@ Het \edae s@mm mwg/edmammzm ng) below:
capaci tor 410 and "gut-node" capacitor 404, wherein

by applying a suitable coupliqﬁédecoupling drive

vol tage signal (VGSj) to_o terytnal % gf

coupl i ng/ decoupl i ng ¢8RRaCIH (@1 +4&0, t% esican b¥)
decoupled from or coupled t%, ﬁ’é "" ut- node." This

is also shown in equation (2) belomr Cc A VNODE C C X

A VCSWhexe A(Yudbng'm trllmde:hmgee LrvVN@DEiaye lom eih@g@uitt node, "
volst age 98 the c %cf@gﬁce ofSc&ﬁpi§n§?8e8§@8fiﬁgnce

of coupl i ng /decoup
capac1tor 410, Cyy-nose 18 the capacitance 404 of the

"gut-node, " and AVy, 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,
Ves, 18 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 (Ve.). 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 (Cque-node) 404 is a
parasitic element. The signal driver devices (132
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capacitance of "gut-nodes" 300, 302. In the
configuration of FIG. 1, where cbupling/decoupling
capacitors 134 and 144 are connected to respective
digit lines 104 and 102, the relatively high
25 capacitance (Cgyygipyine) Of digit lines 102 and 104
required that coupling/decoupling capacitors 134
and 144 also have a proportionally high capacitance as
well. Therefore, the "gut-node" capacitance provides
voltage coupling with the use of much smaller
30 coupling/decoupling capacitors 134, 144. This
advantageously enables the fabrication of physically
smaller capacitors within a DRAM memory device. Also,
for a given constraint in coupling/decoupling capacitor
size, relatively more voltage coupling/decoupling is
35 achievable in comparison to coupling/decoupling voltage
directly from the digit line (as in FIG. 1). This



equation (2), it can seen that for a given magnitude

of voltage decoupling or coupling, the capacitance of
w@oph2igd decoupl i ng capacitors 134 and 144 carChesD0s/026736

substantially less as a result of the relatively | ow

capaci tance of "gut-nodes" 300, 302. In the

configuration of FIG 1, where.cpypling/ decoupling

capacitors 134 and 144 are connected to respective
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denominator will reduce the voltage coupling/decoupling
fraction or percentage considerably. Thus, the
advantage of exploiting the "gut-node" capacitance will
be substantially diminished if the isolation

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

As previously indicated, the voltage

switching magnitude (AV.,) generated by the signal

30 driver device (132 or 142) is 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



15 with be electrically in parallel. Therefore, the
total capacitance will be the sumof both the digit

wo povg/0238paci t ance and the "gut-node" capacit anCEUS2003/026736

wherein the digit |ine capacitance is considerably

hi gher than the "gut-node" capacitance. Referring to
equation (1) 20 or (2), the incrgase in total

capaci tance in the denom nator MA|| reduce the
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di agr agubOdpdat"t 300 tnd am2, and are therefore recelved 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 "1") and
isolation transistor 108 are accessed, electrical-
charge sharing occurs between "active" digit line 104
and memory cell 116. This causes a voltage increase
(v2) in the "active" digit line bias voltage. 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
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.



| SO gate signal 506, is raised fromVcc/2 to Vccp so

that the gate voltages of isolation transistors 106 is
wa@nah4098sar e rai sed above their threshold val ueCT/TB1083/026736

turns isolation transistors 106, 108 ON such that the

vol tage on "active" digit line 104 and "reference"

digit line 102 are received by r ective "gut-nodes"

300 and 302, and are therefore réceived by 20 senS|ng

comnect’ s 159 SHFAID, 1 YU, SR o cime o,
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vol Cage 2nd LIS orh Lo Ne Sl Lo BLap ol oe, arive
"gut - redead@? signal (V.,,) 516 generated by signal driver

20 device 142. At time t,, the coupling/decoupling drive
voltage signal 516 makes a high-to-low voltage
transition from Vec to ground (AV.,) . This voltage
switching magnitude (AV.,) applied by signal driver
device 142 to the capacitor network (C. and Cgy.pose)

25 decouples a desired percentage or fraction of the
"reference" 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
(Vesza) 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
(AVes,=0) . Referring to equation (2), no voltage



respectively. Therefore, these bias voltages are al so
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between 15 gut-nodes 302 and 300, and digit lines 102

and 104, at tinme t2, voltage is decoupled from
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half su
( Vee/2 top ccp. Consequently, an electrical path

between "gut-node" 300 and "active" digit line 104 is
established. Therefore, the applied supply voltage on
"gut-node" 300 is also received by "active" digit

line 104. Because memory cell transistor 118 is still

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

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

A 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



voltage) to near ground. This connects gut-node 302 to
io ground, as illustrated in timng diagram 508 at

WO 2ove/021354 At tinme t5 of timng diagram 520, tPET/US2003/026736
P-sense anplifier is "fired," wherein the commbn node
bi as vol tage 524 on comon node connection 170 is
raised fromground (OV) to Vcc é%upply vol tage). This
connects gut - node 300 to 15 the pply vol tage, as

|IIus%QﬁE%pe| i 0491 ta ii |nstqpt,J tage
As il lustr 9Ra9| ﬁ % 4, %é Jlﬁ%tf

t7, tNaan§akapmoﬁﬁﬁhﬁmsﬁspmr§careotgrneddON Bhis provides
'ncre%%g@%g%cgeﬁgh%ggﬁgogrbﬁ th@O"QQFgréhggald?Q@ﬁfigﬁe bias

20 Vcc/ uently, an electr
bet wed®Lltgge- ﬁé@éedSQG éﬁﬁt“ﬁéﬁﬁve3°alg|Fh?|ﬁér§©4 is

esuabbb@@aqn THeeeh &QngtHQlQprb§€a§HpBE§nHQ|E@ge (P0.) is
'gut - nod 8&8 SO gecg ﬁ é ctive" E I'i ne

104. ﬁﬁFy ¢8M" BERRE; 8P rm1585|§°sYP Fagss
fuIIyt@HnSHEuonyaCethmeap§0|tTheﬁéibrs fndlwolﬂ&géﬁﬂhange is

%Spﬁq@8|¥ovehF gtIUg uFﬁ@?te& reé %5 2Egge stored

Wtiﬂ memnor res
appll@atﬂéntoﬂoda"cﬁaﬂge Fomingedisgygam égppbyows the first

volot agel ﬁengﬁa&bsapléhglarhbeev$9€ g80s %ﬁ£16610 gu) in

illustrates f erent S|gna in enes cou
and d&BSupLPHgCYoPYEgELBRED oPHSFf396+nd|@Ptvpﬂﬁégeaﬁbange

thelr1eeapp$teﬁetoguhenodee1vdurdmglttbEnéeﬁﬁasgvo%tgge
oper at t sense .a ier i agram

o QehBRed obo aRETRga8E abhyr ahiedn ERAWASER - pusT ebias
Tiningodtageaneﬁainshnmshanged 4 . ei pend2¢cotthingcond

caupl i ngrdr /1921

Pt LGB ESEL, 93" LU, YELEANE BEIRRR, comstape. no
nmakesValhAgA- EOUPSNY0PT agECOUPAABIt Wbkl (8Ve8E) from

Vce to ground. ibl§reﬁQMuse q¥gkiageq deenpEplbRgeEROM
the ‘reference” line hias voltage stored on

" gut - R6Y OrﬁﬁﬁceTﬂ ?IP@%MS EBupFi AP d %69pPFn§mBFPV§d by
vol t agethi goapl 60§ Yiaslipltagei ontbeanl agtivei ghigit line or

SE@te"SﬂQ-H@&&?"nQnHOEEQgSPIing bias voltage from a
"reference" 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 (AVy,) from Vecc 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 (Vgg,) makes a low-to-high voltage transition (AVg)
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



transition at tinme t2. Therefore, no voltage change is

applied to the "active" digit line bias voltage stored
wonossgatzsnode” 300. Tim ng di agram 608 shows tPeT/U82088/026736

i 0o coupling/decoupling drive voltage signal 610

(VcsLl) in the "logic |ow' state. Once again, no

vol tage change is applied to the "active" digit line

bias vol tage stored on gut node" 300. Thus, the

" gut - N0dGe - DL ASa é/oefacgc?u b s Wthandietkd ibye.theo
coupling or 1s J%cou the volta s k K|
constmach'éorv%ﬂ%@% Je"b e‘ia(ﬁﬁﬁq"re‘ifbr %:Iowor
occur. As preVIQySédtéjﬁﬁmed)eft ﬁ:hﬁe rtefrehb first
per f or mance of ce can al s
bot h TR +Rg/ ‘B?%%“?/%’rrf%géer]o‘ﬁ?o an a‘& eérgg%?%/ﬁ]dl s
Or 5 20malgeis - A0Hey tanldlgleommtagfg ttxmlﬁoiqrageﬁ‘fcrsdmaaid
refe%g& fesde8¢ é%@ ég OQL%I%EE¥5 Jf'%he low- to- hlgh

coupl decou e signals achi evj ng t
are shoWnage trwﬁgtmlagf%’ns 1 ontg rﬁl%ﬁg " g ei_nglt line

shows,{ h%uétnéage" t 211 SEEOSER LR v K ASEO UMVt ion, the
drlve 25 vol tage gnal 614 (\Vcs

hi gh-$@cPB %PPJa?g% / @‘?%%?H%% ‘%’—1‘176%050&?‘?%‘#? \Viigat 614
greungy, Thi smagr el tkept wel tagendeanuploigabeorit ke, no

‘refere d.
"gut - 'ﬁ%ﬂ g%oéxgagféglo%f %aS'Ch %Lagfof{%)ég 1€™ot decoupled
coupl fnghdebeuptefgrencet dbgitgking gnaBy 6iBcBeasing the

(VCSL&iaEBbS&Q%L Oeeht%@ v pbd ag& {@nﬂﬁé 04 $AYVCSthe

from'ground to provi des, vo e coupllng
ont o ¥ﬁére§btp9§foﬁmgﬂ?el%ﬁeakﬁ%slmﬁﬁ? g@ stored on

fQHt hnoﬁe 300. Ndbe St B PLE St e PEnbEdimgrt 0O6f f FRGL i DN the

o the | owto- ge_transition (AVCSL

5 eevhbing] geropPhitg EratELah Rt o Rhes i/ ReSubltng

f r actp@ﬁcm2§e4i62&854rﬁ£ﬁéd182ﬁ013h@263§60itzsncer of the

per cent age. of ' ed by th t

Vel ueso R fia/ fEUBLETInG 2o RERELERETEe Y | (EapaPBEcE B3) and
at titket@igihelinescapaoipaneg/ decdupl Fag dei @E "activer

ngta&g §th§he6164§Vbshiierﬁaﬂ§k€§ya fAawthe- BinBbdiment of

volta e tranS|t|on LVgsL)
the co p11ng fractlon or coupling percentage is

determined by the capacitance of the

coupling/decoupling capacitor (e.g., capacitor 134) and

the corresponding "gut-node" capacitance (e.g., Cgu . note
25 located at 300).

Note again that references made to particular
"agetive" 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



coupl es a percentage or fraction of the | owto-high
voltage transition (LVcsL) onto the "active" digit

wo 20va/02354 " gut - node. " I n accordance with the | POEDE20081026736
the second coupling/ decoupling drive voltage signa
614 10 ( VSCL2) may be kept at a constant voltage (i
e . , no voltage transition) sugl that voltage is not
decoupled fromthe "reference" digit |line. By

: ncr eélﬁribiﬂiﬂntéhtéﬂlq]c&u\é‘tgbﬁgﬂf Qesbbecla@tliyven @Bkt 1dand 3.
i ne ne, refres ormance is [ ove

15 No DB AR (Pt nBdaPALe, 20F EFansferzpg DELusen

coupl ipng/ceEmp 770y ahdacemoryocontuplliley/ dgeowpki bgs 771.
per cendy "i’r%.garsl etd%rtrg Q%Q Q)S ‘:lecgﬁﬁ‘ﬁ @nggeoﬁ:r&xgg erred

couplln%d‘eco gl i'ng capacitor tor
and t hetyiegn mamwmpa@rfp&ﬂa@@ fd2gand garAﬁh chipe aﬂs via

"acti ¥Ris 727@ di gi'ngdt' ﬁ%vl@é)s 7’9\14t %Elﬁatlh‘églu)de | BokPN8xample, a
enbodi nent of e cou fraction or

coupl KSYE9ETEenEagouse aeFQPﬁgnEé bfiiERda¥aSSERERNCRT any
clag 4; heth@eumppwpda@wpgengceannatt allo&sda, ut@a@ae'bt 8hter
an corr.e ndi ci t.ance
(o), Iermbt i3 15RRPRTLREy 900 BGe piRRAELI RS pap can
remerancé@dwad¢0Eoepampleularv1daotdueplay tinéter enpeinter,
di gi t bings WRR, ﬂaggragklatglaab&eg'xs gg&eoa%s rbPiding
he ™ in P

accor dance”wi t ent i on coug ecou
devi cO¥LRME @éﬁﬁeépeé #8e3Zo aN?tBaF a@flépgtthVhégs 774 and

t'hat @%ba&pa@wcesamar EhfULAE erfi8BSQedPPbef Lekin§i &

7 shows syﬁ% 5 |ncorEorates t.he |nvent|o
s/stew@é/o PieSeXiffur aPFPY2ER BRARFSENTEE 938, igclude,
priecefsar eXadthple, mener grcmokreotiiek 672tapé dmpties.

devices 774, ou Vi 76 d ional  stora

devi ces 778. DRE%:dchlg i%7§e;nCFh§E 8 of “t'RE 9@?5 glers
2004/GZQSBIOPG¢ﬁQSEDeB/baﬁésﬁmprozed eaﬁméshepﬁsformances
IIIUSbﬁat gﬁlﬁﬁaaeshl YREYatf éﬂ@ %p?‘@élgte PRL# eag7 0

contr ol gna s are_transferred ween  processor _
and néﬁﬁ?? dBRt FBP| Be P?QCQFSEBU§Y7?Eher han the described

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



Simlarly, data and control signals are transferred s

bet ween nmenory controller 772 and DRAM chi ps 775 via
who®4/627354 | nput devices 774 can include, for eranpk®p3/e6i3c

keyboard, a nouse, a touch-pad display screen, or any

ot her appropriate device that allows a user to enter

information into system 700. CUtgut devices 776 can io

i nclude, for exanple, a video Wi%play unit, a printer,

or any_ot her appropriate device capable of providing

out putEdatAIMe a user. Note that input devices 774 and

out put devices Y76 cAandghieidatin@dy é:@c@s§lrﬁ@rh@ry (DRAM)

TPULSYLBY CEHLER) L) LPOSEY £55ed R BLSHEESy o

it | Ssersa ampllmseasehamblsémbrsenm eampbyfnleds coupled

t hat P@V&'E&ﬁ’é@ﬁtr 11 £shs p%é{ Slln%]e é&éﬁ'%&id
in the art w Clate t nven I 'on can
practadpIcent omm @ﬁa@lgh@ bb@%&b@@l@@lmﬁmtt sdigit

whi chy pre @ﬁ@ssngééoﬁ@rdww@ﬁ% ofsaialmaéé £hg

not of limtation, and the invention J|n1te only

by the claims which ?o#+%ﬁ& WQ?%&&?U?HHE&&PQ decoupling

PCT/ Uis2p3¢ R&vg an 2dut it @Alpled .t siyi@nt Lrsandiogi ¢
accesgs, Memory (DRAM having a plurality of digit
li nes-dhd’ a plurality of sense anplifiers, each of

sat d sense anplifiers s&mmndxwoltagﬂ1Qmﬂp&ing/¢ﬁwmupiing
sai d gll <f e |A&FEhg &3¢ gl » &.ﬁ%fé}f"go P& {g Oéegérgﬁ tdnfc_:;:l.t:

I|nes I ncl udi ng, a flrst ne and a second
l'i ne, %ﬂﬁcﬁ#ﬁ@%ﬂ%onpr|3|ng a first voltage

coupl i ng/ decoupl i ng é?lﬁ/d G Y | Lt © W Al 1 D P Sl d
said first, digit lin 10 ,second vol t age
o P

couplqaﬁ’ﬁ? d’%‘Fﬁﬁ RRER ottt first
ts saligyisedainke diggid | i ne V\herel n: said first voltage

coupl i ng devi ce  canagid 1yeloh S YRl ERgd ddust g dEPE:
capacitively decouples a second voltage from said

second digit line.

2. The DRAM of claim 1 wherein each said
voltage coupling/decoupling device comprises:
a voltage driver having an output,
wherein said voltage driver generates a first or a
5 second drive voltage signal from said output; and
a capacitor having a first connection
terminal and a second connection terminal, said first
connection terminal coupled to said driver output, and
said second connection terminal coupled to one of said
10 digit lines.

3. The DRAM of claim 1 further comprising a
pair of isolation transistors, wherein one of said |
sense amplifiers is coupled to said first digit line
through one of said isoclation transistors and is



is digit line; and said second vol tage coupling device

capacitively decouples a second voltage fromsaid
weemaenzidsi git |ine. 2. The DRAM of claim 1l whepel/nsm®axone3e

said voltage coupling/decoupling device conprises: a

vol tage driver having an output, wherein said voltage

driver generates a first or a % econd drive vol tage

signal from said output and a ¢apacitor having a

first _co tion rmn t
Lo AARTEE! b L6 A fla KA SEERLAIBE AR opner of
sald shid erswlatpion Eﬂﬂhsxﬁﬂqr$econd connection
term nal coupled to one of said io digit lines. 3.
The DRAM of claim 1 further conpr|5|n a_pair of
i sol ation tranststorBhe A Qf g%eWI'EFresJe‘hs%ald

anp|lé6ﬁ5f&ﬁéy &gg déuihélddﬁpuhgﬂﬁciudéh said second
t hr ough one 0 sal on téah5|stqés and is WO

2004/ eIt JF‘E*?I’/ Bupl ed to said
second digit line through the other of said isolation

transistors. 4._The

coupl i ng/ deooup% i ng @%l ce ouc% pu{]il ncl uﬁé%%?%d%aelo% Eixst
conneceltage ersrmafradt don df apaid thirsts. drmhee DraMtage

cl ai %ﬂ@ff%ﬂa Sé"éfjdfééc%nd\&%i@é?@e'fsaaff%&%h%f said

sai d st_drive voltage sjgnal, and said second

vol t aBRePRd A¥Fve Yokt age suidRakecond drive vol t age
signal. 6. The DRAM of claim 2 wherein said first

drive vol tage gnal vol I age that smntch S
to a hi gher gén t ud@%%%ﬁt%ﬁ fa71 %e WhEEG D 53T fiTst
6 whedeive szt spe onignall | iecode age m:@trﬂamatjd%sltaches

xgl tage Qﬂgﬁﬁ&tﬁﬁ ?&& aO% %@%Phtggsdo;i rst

7. The DRAM of claim 6 wherein said second
drive voltage signal includes a voltage that switches
to a lower magnitude of voltage.

8. The DRAM of claim 7 wherein said first
and second drive voltage signals are controllably
variable.

9. A dynamic random access memory (DRAM)
comprising:

first and second digit lines each having
5 a line connection;
first and second transistors, each
having first and second terminals, said second terminal
of said first transistor coupled to said line
connection of said first digit line, and said second
10 terminal of said second transistor coupled to said line
connection of said second digit line; |
sense amplifiers each having first and

second sensing connections, said first sensing



and second drive voltage signals are controllably

variable. 9. A dynam c random access nenory (DRAM
waeoopnessang: first and second digit |ines eachpdrevs1v93/026736

5 a line connection; first and second transistors,

each having first and second termnals, said second

termnal of said first transistg coupled to said

line connection of said first d é line, and said

second gL ainal, gf satd gsganglkg@ng ShhetrBE 8ia curer

to sal I'ne conne Iron of sard Secon
sansetzapbistors eadhshadi A§CPhdssenadngs egundcs &aBi ngupled

connegt f ShRQ 2 1
T i £l e e BT

first termnal of safdrffrand pecep@n¥pstade and said

seconaoagmsnggd@@aagq&hgndéeueésdeaéﬁ Bavéngi 88t output
termn . Said second transistor; and first and

secoanﬁaFﬁgge coupl i ng/ decoupl i ng devi ces each havi ng
arzoout put  wherein: 28idatdirétrsbtlvagéagevilesi oatput is

t oupl : 1.0 ep ' e on .
ond’ o EPiBreEokB! BRIEPEERLE LehSing POSLRECERON BB oty Firat
sai d §§€@ﬁ§a¢opﬁa§éldeﬁiéétoDrpn$l$§0rco@pded to said

second sensing Connegéhanséegnéabgl%ég‘f&é§icé36ﬂfﬁ@£ is
of said secqnd transistor claim?9

wher eFRUBLER §8i 8219 0FEagRd cBRPFiRY/ GeBREpFipR argi seid

cagprfsest vevmihalieoflr syed HewodRg EPaRsipPtdbr. wherein
said voltage driver generates a drive voltage s

signal; and a capacitor having a first connection

term nal and a $econthecbREMtobDnclaim pavhesaid éacBtsaid

connegti Oqt eLBhPPl ng PHRLSED T Png 2L, PUL PUSmOE 1 S8k
a voltage driver having an output,
wherein said voltage driver generates a drive voltage
5 signal; and
a capacitor having a first connection
terminal and a second connection terminal, said first
connection terminal coupled to said output of said
voltage driver, and said second connection terminal
10 coupled to one of said sensing connections, wherein:
each said voltage coupling/decoupling
device applies a coupling voltage or a decoupling
voltage to one of said sensing connections.

11. The DRAM of claim 10 wherein said
coupling voltage is a fraction of said voltage signal,

and said decoupling voltage is a fraction of said
voltage signal.

12. The DRAM of claim 10 wherein said
voltage signal includes a voltage that switches to a
higher magnitude of voltage.



vol tage driver, and said second connection termnal io

coupl ed to one of said sensing connections, wherein:
weamh/osasd vol t age coupl i ng/ decoupling devi cep@ppb108%026736

a coupling voltage or a decoupling voltage to one of

sai d sensing connections. 11. The DRAM of claim 10

wherein said coupling voltage_ |§ a_fraction of said

vol tage signal, and said decoupling voltage is a

fraction of sai q. Vogth %M%@l Cl%%.'m TLIBe l?lf said

cl ai m 10 wherei nsai vol tage signal includés
vol t age@ltuaste mar@ﬂegrncdualesmagw@rltmgmtme S@ffltches to a

vol t agwedOnRA/AEE3%¢ Relitdge003/ 026736 - 30 13.
The DRAM of cl'aim 10 wherein said voltage signa

i ncludes a voltage that switches to a | ower magnitude

ofI vol t age. 1|4 ﬁhle (Ejpﬁiélvm%mb@ mllzhamv\h@r %@g&ahd said
volta i_anal_.i ncludes irst vo sa

voltagélgvn S RiFg o 12 ggggﬁdavgﬁfg O%ﬁésglnsgéddflrSt
first vwditegige swd tichviag thaa sacdnﬁewoﬂdagelta@erelﬁ said
The f yohdlafel n d I [

el udee s FErEESsoreage esaraar patd bBRpnE, Wikage.
switching to a second voltage, wherein said first

vol tage i s highes, th@ﬁesanﬂmseeoadaml 8996he}8inTB8ig
DRAM of&gla|n1 15 er.e irst voltage and said

second°v6PESgELEPE c&ﬁFEH%Fﬁbefl§§F|XBPEa ¢7. spig first
DRAM wblthgens@ivkhiagntsandseecaddvorebyagewherein said

COUp|EQQ/g898§Q%ngm%eX5 KefO agoggégzségpbgg%OQEage

havi ng~an outpu ere n-sa
generates a drlve voltage 5 signal; and a capacitor

having a first Q@nne§hé0BRAheéﬁlEﬁhlﬁngsawﬁégggﬂ saﬁd first

connect&on term_.nal, said first connection termn
coupl 881FB98aPRA0ERPHL SEFORE| Yoltage are controllably

variable.

17. The DRAM of claim 9 wherein said second
voltage coupling/decoupling device comprises:
a voltage driver having an output,
wherein said voltage driver generates a drive voltage
s signal; and
a capacitor having a first connection
terminal and a second connection terminal, said first
connection terminal coupled to said output of said
voltage driver, and said second connection terminal
10 coupled to said second sensing connection, wherein:
said second voltage coupling/decoupling
device applies a decoupling voltage to said second
sensing connection.

18. The DRAM of claim 9 wherein said first
transistor includes a gate terminal, said gate terminal

operative to provide electrical conductivity between



vol tage driver, and said second connection term nal 1o

coupl ed to said second sensing connection, wherein:
waasd/osssond vol t age coupl i ng/ decoupl i ng devi B€T/US2003/026736

appl i es a decoupling voltage to said second sensing

connection. 18. The DRAM of claim9 wherein said first

transi stor includes a gate term said gate

term nal operative to prOV|de ?gctrlcal conductivity

bet wegn, YO 2004/ 021354, PCTLYSZ003] 026438 texriina Baen a

first ?é sal second term na
sukt ablidtghle geteageltsgapp$|@ﬂpllgd The DRAM of
claim9 wherein said second transistor includes a

gate termnal, said gate termpal_ of said second 4 4
transistor operaPiveThe PRBY| @k CLpig:?|Waprein said secon

CondUEEhMEEEtBQtﬁﬁ@ﬂuéébdafgﬁsé termiﬁal apdid gate terminal
second _t er ni_nal E nd trans $ PO@lde
SU|taBFeS@éPe598PPQg r?gs g?feapeﬁﬁ 'ﬁ dyna random
accesslaeamiyaaDEAh@ucSemseYahptweeersdedléerst terminal and
CO”pf'35895e88n§-ﬁsgﬁgﬁggpgkfggidhggbegdat£aﬁ§isaag when a

se@ond®cross-cou transistor; s a P-sense
aan|Suetahéelggta vpisagandés aBRbABder oss- coupl ed
PMOS transistor, said first-cross coupled PMOS

transi st or adjacent to said,first cross- cou
i S¥BARLES ngdeﬁua%a%pﬁ&%ﬂy%’

transi stor, and 28ai dBs
transkehge ampascEnert aesdcd sempedlstngss-coupled 1o

NMOS transistor; a flrsg an gséeg gl§gg?lggv1na a £ flrst and

connecti on, sai d se@Bnd EEHES ng onnec on co
sai d Bershd cross- couplled NNOS transistor;and sald

figst cross- coupl ed PBC§e5§@n§h§§9E1E9 falihsta first and
isolation is tranS|stor and sald first sensin

conne&ereRdc 65PFFNGOURARE §H@6n8réP§§§t86upFéag fibgst -cross
transighpheandndai dradeegbdrcaagaceaupkedsBi@Stirst cross-

tranSLg&g&e%pN%O%e%QQ%Slsgolat|og EEQES%%Eghd cross-coupled
PMOS transistor adjacent to said second cross-coupled
10 NMOS transistor;

a first and second sensing connection,
said second sensing connection coupling said first
cross-coupled NMOS transistor and said first cross-
coupled PMOS transistor to a first isolation

15 transistor, and said first sensing connection coupling
said second cross coupled NMOS transistor and said
second cross coupled PMOS transistor to a second
isolation transistor;

a first coupling/decoupling capacitor

20 having a first connection terminal and a second
connection terminal, said first connection terminal
coupling to a first voltage driver device, and said
second connection terminal coupling to said second
sensing connection; and

25 a second coupling/decoupling capacitor

having a third connection terminal and a fourth



a first coupling/decoupling capacitor 20 having a
first connection termnal and a second connection

WO edodioniss4 said first connection term nal coupdT/N§2008026736
a first voltage driver device, and said second
connection term nal coupling to said second sensing
connection; and 25 a second coupli ng/ decoupling
capacitor having a third conmeétd on termnal and a
fourth WO 2004/ 021354 PCT/ US2003/ 026736 - 32

connemxtriroect oy tretmingdi d g3id ¢ hgith sannes tiamtegminal

coupl ld aga el é/QirldﬂéH Ryviddd aidl said
fourt%&%}o%%é tﬁf}é){%}m nal coup ng t0 sal d f| t..30

sensi frpronreeRnest 1o tepulnsRA first

d§ylCgéﬂglnf|@gﬁﬁéﬁtﬂuﬁﬂ%H n sald first voltage driver
device includes a first output, said first output

generating a first and a second drive voltage signal .
22. The DRAM sanse I iDRAM sEvseamnglifien degice of

wher ej %y%gf@eﬁdfétve&o ARG Gr iV WEP e
Sal ene

secon second out put ating a first

and s:em:@hdd@ls i ef 1%t a{}&tg‘itg:naﬁalcksfl% TRt EareFating a

of clajmelyyhes eééb&ﬁi dirfvd SboTdge sdde signal
includes a first voltage, said first voltage

sw tching to a second voltage, wherein said first
vol tage i S | owez2 I haThe ARG esernsle Samml 1 figer Bvidheof

Vi ce f cIa|n121 ere Y
voI ta AL A0 VHHF YLK f?r%&%ﬁ%@%ge& salﬂg#lc?esvme
vol t ai;mc]sum‘iesm rrged;cmth cwttpitl, veiridgeecondhrwinns Fenerating
first_ v £g§H yvol t age.
25. Th PJD%&%%I d%w ce (?aﬁn]? Z‘géﬁv\%ere?ﬂggs%d first

drive voltage signal includes a first voltage, said
first voltage sytching prnm $eebod ¥Plébgem 2Wheierein said

sai d fiégé ggl&? ; igagéggfénéfayngfugegecopgrst voltage,
said first voltage switching to a second voltage,
wherein said first voltage is lower than said second

5 voltage.

24. The DRAM device of claim 21 wherein said
second drive voltage signal includes a first voltage,
said first voltage switching to a second voltage,
wherein said first voltage is higher than said second

5 voltage.

25. The DRAM device of claim 22 wherein said
first drive voltage signal includes a first voltage,
said first voltage switching to a second voltage,
wherein said first voltage is higher than said second

5 voltage.

26. The DRAM device of claim 22 wherein said
second drive voltage signal includes a first voltage,

said first voltage switching to a second voltage,



5 voltage. 26. The DRAM device of claim 22 wherein

said second drive voltage signal includes a first
woobtagess4 said first voltage switching to a secDDs2003/026736

vol tage, WD 2004/021354 PCT/ US2003/ 026736 - 33

wherein said first voltage is |ower than said second

s voltage. 27. A nethod of bias ;en3|ng in a dynamc

random access nennry (DRAND sense anplifier, said

sense V|n nd I

conne@??%%%? S%é?d }¥§gt i%%?%gl%gﬁ%égglgﬁgioup geond

a birsvldaget 5 line, said first digit line coupled to

a menory cell having an electrical charge, and said

second sensing connection coupled to a second dig

line, said methdd- cRnPerRPAPRL pPYiTRPBINSI Hage %namlc

sai d féﬁ&émaﬁgceég ﬁ@ﬁ@fﬁ @DﬁAﬂ)'ééﬁ%& ?Eﬁﬁi@ﬁ Sgafld sense
el ectrical char wher ei n

t hi sai
ol oot FPRLLE 9 Bev bhe, Fhest DetacRie el FIRAHRY cepfections,
and sgatldffisst dé@héihgneongereiat esowpled stodagfirst digit

lipe bias voltage; | i | n
vobt bty it EoF LB ARG LIHE 300t @t fio P ey cews
Secontaving (ak | mbectt keaborhanse, i ($a koo eatu DRANLNg

sense ﬁéi&ﬁ EQupl &gt eé@eéﬁa C&:lzgiﬁ.t'f‘aigﬁe' Ns$84 dnethod

nennry ce 28. The nethod of claim wherein firing
said §%WE¥Q%&Eﬂrf|er conpares the voltage difference

bet ween sai d first dagplylihdiea bvebtagpe tegesaidhfsasel and
second d| | ine glas vol tage. 29. The nethod of

cl&i nPSE é?ﬁ$ht Bpatitively decoupling said second

voltage fromsaid sacoessingi$aldnelectuiesl seharge within

| oot LR Ry VoLt 95maeela o Lo S0y Soppad L ing
between said memory cell and said first dlglt line
generates a first digit line bias voltage;

15 capacitively decoupling a voltage from
said second digit line to generate a second digit 1line
bias voltage; and _

firing said DRAM sense amplifier to

restore electrical charge in said memory cell.

28. The method of claim 27 wherein firing
said sense amplifier compares the voltage difference
between said first digit line bias voltage with said

second digit line bias voltage.

29. The method of claim 28 wherein
capacitively decoupling said second voltage from said
second digit line reduces said electrical bias voltage
applied to said second digit 1line.

30. A method of bias sensing in a DRAM sense
amplifier, said sense amplifier having first and second

sensing connections, said first sensing connection



anplifier, said sense anplifier having first and

second sensing connections, said first sensing
wa@oaeeisson WO 2004/ 021354 PCT/ US2003/ 026736  PCBAS2003/026736

coupled to a first digit line through a first

isolation s transistor, said first digit |ine coupled

to a nmenory cell having an ele i cal charge, and

said second sensing connection Ccoupled to a second

gt li , . ( u _ | |
09! b LRSI SRR B RS, sy
fi gsttradsiseoondsdigi firsthedigie cbbne ngourled to a memory

el ectLLegl nohangeati LiLoer salel SRORSY, Cohd - sabier Sicbra

el ectrrcal e sharing et ween Said nmenory cell,
and saeusingsconungrtionnecuslefbrfe? & e3eeORd r&igHt giine

l'ine phRasuyAl hageeons UL 86T Don Stk dn$iE6ér | SO&4Bd i Method
transistor’sych that said first sensing connection is
condu€eP™RE!§18Bapl ed to said first digit line; turning
ORpsai d second isol ahpphyPfgta anslisage sockaidafissti hnd
second _sensi cpnnection is conductively coupled to

sai d §%E8ﬂ§ g?gﬁ? ?fﬁg?’ turning off said first o

i solation transistoaceespinasaidielecesicabnehagge within

connegtiQn e jC L S0l at e i Aot ]
ol S ambasgl e chiyross o isomen dokites sharing

, |ation ..
t r anshbetweesueniahBemBY dce bt ARA AT T EBhndL e bt 11
ij&el aé.éﬂef:é@@‘sséi ﬂésge loaﬂgﬂt g%iné i neaz capacageyel y
ecoupling a second voltage from sa con ng
connection to generaF%rﬁlg% %%c%%ﬁéstﬁggﬁgggg%%ggé$on
bi as wephhafietoanduchi thay said DRAM seeseingptonnestion is

restore_el Leal j i cek | . . Th
ot hotoBRUEF kIR CGHBI S £ 2A18 FREREVAFGAL 13he; ThE
i sol ation transistorturaiBgeces said seFond pgilatieme

bias vphhagstb9 sabfH £hae!s8€8S588ond sensing connection is
conductively coupled to said second digit 1line;
turning off said first isolation
transistor such that said first sensing connection is
electrically isolated from said first digit line;

25 turning off said second isolation
transistor such that said second sensing connection is
isolated from said second digit line;

capacitively decoupling a second voltage
from said second sensing connection to generate a
30 second sensing connection bias voltage; and
firing said DRAM sense amplifier to
restore electrical charge in said memory cell.

31. The method of claim 30 wherein turning
on said first isolation transistor transfers said first
digit line bias voltage to said first sensing
connection to generate a first sensing connection bias

5 voltage.



connection to generate a first sensing connection bias

5 vol tage. WD 2004/ 021354 PCT/ US2003/ 026736 - 35 32.
wab@4moetshod of claim 30 wherein turning on saPd/EsmOmcR6736

isolation transistor transfers said voltage on said

second digit line to said second sensing connection.

33. The nethod of claim30 wherein firing said sense

anplifier conmpares the voltage -di3fsf erence between

said first sensing connection bias voltage and said

second sensi ng é@nnedhieomeibpsl wfl tcdgem 34, whiegenet tadkning

of ¢l A3 INRIRINA 1GRARE Y A rd8eRW 3383t s saig
second | tage fromsaid secaond sensing connection

r educ €AY V8 53ge §§C9RY digddodd nee ki §gid second
connecdm¥ing3 Tonherttildnd of bias sensing in a DRAM

sense anplifier, said sense anplifier having first

and second sensing connections, said first sensing
connecti on coupBéd t @ha Mmetdbddiodi tlhiime30sahdreinstiring
di git Jiie 0 ; cekl [ an .

electfﬁgg sg%g%ggﬁb?gﬁ gggfg? e%%ﬁd%ggnggésgggngégéFgﬁnce
coupl B§tWseR sadendirgtgrenpiing, coanrgchipRolias voltage and

conpr issiiAy sezpply se@sanyokbagecteonabdaki 48l +agd
second digit lines; 10 accessing said electrica
charge within said nenory cell, wherein electrica
charge sharing 3Bet wfba wmatHodeotr gladhl 3andheaedn

first  digit ki a_fikst_digit.Lipe bias .
vol tagapdeitivPly, AFOSLE thansbl b betbily yb [8ae! 2Rom sata
ont o §8FAnd £§Rsdngi connaetieni gefiices salidayeltage on said

generabbeﬁdaaehs%g%aésﬁnékt%nd! git line bias voltage;
and firing said M sense anplifier to restore

el ectrical charge in said nmenory cell. W) 2004/021354

PCT/ US2003/ 026736. A method of bias sensing in a DRAM sense

amplifier, said sense amplifier having first and second
sensing connections, said first sensing connection
coupled to a first digit line, said first digit line

5 coupled to a memory cell having an electrical charge,
and said second sensing connection coupled to a second
digit line, said method comprising:

applying a voltage to said first and

second digit lines;

10 accessing said electrical charge within
said memory cell, wherein electrical charge sharing
between said memory cell and said first digit line
generates a first digit line bias voltage;

capacitively coupling a first voltage

15 onto said first digit line, said first voltage
generating an increased first digit line bias voltage;
and

firing said DRAM sense amplifier to
restore electrical charge in said memory cell.



- 36 36. The nmethod of claim35 wherein firing said

sense anplifier conpares the voltage difference
whedoweenssai d i ncreased first digit |ine bias mot/Usaes/026736

and said voltage of said second digit line. 37. The

met hod of claim 35 wherein capacitively coupling said

first voltage onto said first_dpgit |ine increases

said voltage applied to said first digit line. 38. A

net hod of bi as §%nSI&9eI&eehQBAwksem§§m §§pbhEkSEn firing

said sense anplifier having first and second sensing
conneS@lEn§enssi ampilidi eseROMRErESnhBEL VEAtagapHédLesence

? flf&kf@b@hlsbhﬂelhEFQEGEdafﬁtéﬁtdthtalhﬁé bas voltage
ransi_stor al rs I ne C a nenor
cel | AR 1A vEREeRR e Sendr gRcoRfBiatE Labsng

sensi ng connection coupled to a second digit line

through a secong |so&ﬁg|8gthpgngks ggimsggdwﬂg%gand

conpri si ng: g a vo frrs
seconGaﬁﬁgﬂﬁlVﬁﬁﬁscoaﬁ é§§|ﬁgl§afdr§tevoltéae ohbegeaid

Wﬂth'E1r§€|dl&@ﬁnﬁinéehhcréﬁﬁéﬁ'Ba?EGQEﬁtSQE Sﬁ?igéd to said
sharlggrsbetmeen said nmenory cell and said™firs

line Engidibslanfirst digit I|ne bi as vol t age;
turning on said first |solat|on transi stor such that

said first sensipg cganek b |ng %%nggﬁ%léngﬂ Bﬁgﬁ sense

to said first digit Tine,
|soIaﬂmph12®erraﬁéndtéensachmphaflsalUasengnﬂlsensang second

connes&hemngscoﬁﬁgéegéhge'¥aQQUE£fgtteeﬁéiﬂ%3889ﬂgctlon

digit line;” turnin sald first iso
t r ansFeEB{ed ER ?hg%r§5|@19FFs%l§%n§hﬁ@uﬁbnﬁeéﬁréﬁ isolation

el ect tigakliytosol sk ed fi@gtsaaglfl1§hedbsu§1éan€o ¥ Cremory
2004/ Q2 §54 PCT/ US2003/ 026736 37 .25 Lyrning off

sai d SEEDNBAYLRY qeh oplectrical charge; said second
sensing connection coupled to a second digit line

through a second isolation transistor, said method
comprising:
10 applying a voltage to said first and
second digit lines;
accessing said electrical charge within
said memory cell, wherein electrical charge sharing
between said memory cell and said first digit line
15 generates a first digit line bias voltage;
turning on said first isolation
transistor such that said first sensing connection is
conductively coupled to said first digit line;
turning on said second isolation
20 transistor such that said second sensing connection is
conductively coupled to said second digit line;
turning off said first isolation
transistor such that said first sensing connection is’
electrically isolated from said first digit line; |



transi stor such that said second sensing connection is
isolated fromsaid second digit line; capacitively

weouplesgs a first voltage onto said first senBCTgS2003/026736
connection to generate a first 30 sensing connection
bias voltage; and firing said DRAM sense anplifier to
restore electrical charge in saidenory cell. 39. The
met hod of claim 38 wherein firin sai d sense

anglifier compares the.yaliage diflier ehce, patusen ;o

sald first sensing connectlon i as volta 2] an Ssa
vol t ageagsisdiar sasindbednsadg cemoeact |S@mSl4J@ chimgmection is

met hod 61 Kl Prfh WAEPISR c 2R r?tltvqllmecoup' ing said

first voltage onto said first sensin connect i on
i ncreases sai d el ect CePACIFiyelR & neh as fiig st veltage

Sens'Qﬁnﬁﬁﬁﬁﬁﬂi|ﬂ¥}st4%engﬂﬂ§|a5$dﬁbtﬁb%$t%e@%h@&ak@ @ first

DRAM f f h

F1Yiot SR A GRS o b TBEAGG. 8 1St
sen3|ng connecti on dcdupined stad da DRAMS tsedisgl tampili€ier to
sai d figto i it deliga a;a%g@g%d 100 B 0P PR P11

havi ng an Electrical ¢ sai sensi'ng
connection coupled to a second digit line, said

et hod conpri si Ag:, a@ﬁ%Yh@%h%dV%kt%9%1HP3%ahﬂé@eﬁ%tflring
and second di gi acceSS|ng sali d el ectrical

char g&adict Fems s&ﬂ@lﬁgﬁﬁFyCGQPPreﬁh hei Wodtager ddfiference
char gpesheenngaidetieen S&h@lﬁ@”@bﬁn@etho&nﬁléél@oltage and

f t _di. t t
Vol t 28815 YSATREr, SRy BB PG FEPEorPRgBCtien.
onto said first digit line to generate an increased

first digit |inggbiags,uo 3
PCT/ US2003/ 026738 - 55 *“%S%?S. ??véﬁg‘iﬁ‘eééu% FE§ g

seconGaPéFﬂﬁggelyr69P§&F§95§ééﬁdféFgFtVpﬂﬁégﬁoonto said
gener giesdé ses8ndgde8hhectibg Bhase¥gbbag8idaBlectrical bias

voltage on said first sensing connection.

41. A method of bias sensing in a DRAM sense
amplifier, said sense amplifier having first and second
sensing connections, said first sensing connection
coupled to a first digit line, said first digit 1line

5 coupled to a memory cell having an electrical charge,
and said second sensing connection coupled to a second
digit line, said method comprising:

applying a voltage to said first and
second digit line;

10 accessing said electrical charge within
said memory cell, wherein electrical charge sharing
between said memory cell and said first digit line
generates a first digit line bias voltage;

capacitively coupling a first voltage

15 onto said first digit line to generate an increased

first digit line bias voltage;



20 firing said DRAM sense, anplifier to restore

el ectrical charge in said nenory cell. 42. The nethod
wobkooahzizma 41 wherein firing said sense anpli fP@r/US2003/026736

conpares the voltage difference between said

increased first digit line bias voltage and said

second digit line bias voltage. 43. The nethod of

clai m 41 wherein capacitively &&oupling said second

voltage fromsaid second digit Iine reduces said

vol tage applied to swEphciddEiy defqurliiig aypecppd voltage
met had G £laf B RIft 103RAAJ igesler il igubaiad digit
first voltage onto said ™ first digit |ine increases

sai d Mdle Rjesapinitaseo & d first digit line. 45 A

mg§ hod of bias sensiffigring adRAVRANsEnsn@EndlEfier to

said sense anplifier vi.ng first an i ng
connd&@§ e r@a‘?‘btzfli? <y %gl%osnanquc?ﬁ?e%u%?efe% to
afirst digit Iine through a first isolation 5
transistor, saigd firgle 'é¥¢$&i6¥5é%&%ﬂ‘%ﬁtwhékéﬁﬂmii%ing
cell having an €electrical charge, and said second
sensigaid oanas janpbidiigecawpar ek ddrl iiade ikt ference

t hr o%@eég%ggﬁ ilﬁgg_laéa'{@éutﬁj’;?f& Sc%ﬂjj,t Slgil]?e fEEéwd\aoltage
conpri si ng: . applying a voltage to s irst an
secorrPdigpd Iﬁerf'ég",‘a/d%’c%’srsilr?g“% 1213951 charge

within said nenory cell, wherein electrical charge

sharing between saig neppr e .. sajd gy «digit

line WO 2004/ 021354 ﬂﬁ/%@/%&%‘%%%ﬂ%&g »
generadmpsc it ivekyt deepupling $iid sefen@eveohtage gfrom sald
flrStseégﬁthi fExlfﬁgr%é@kégbséﬁfhf¢6fﬁaééo$ 1984 to said
transi stor such that sald first sensing connection is

condweg¢ard il kneo said first digit |ine; 20
turning on said second isolation

44. The method of claim 41 wherein
capacitively coupling said first voltage onto said
first digit line increases said voltage applied to said

first digit 1line.

45. A method of bias sensing in a DRAM sense
amplifier, said sense amplifier having first and second
sensing connections, said first sensing connection
coupled to a first digit line through a first isolation

5 transistor, said first digit line coupled to a memory
cell having an electrical charge, and said second
sensing connection coupled to a second digit line
through a second isolation transistor, said method
comprising:

10 applying a voltage to said first and
second digit lines; .

accessing said electrical charge within
said memory cell, wherein electrical charge sharing

between said memory cell and said first digit line



transi stor such that said second sensing connection is
conductively coupled to said second digit |ine;

wo owoniongsof f said first isolation transistor BCTOS100&026736
said first sensing connection is 25 electrically
isolated fromsaid first digit line; turning off said
second isolation transistor syc? that said second
sensing connection is isolated Pom sai d second digit

I YA | i, ' |t

|G pEAIRA S S B8 o s 4g) L89EpgR0cR"ia ire
sensi dggdénAdarsi;on bi as vol tage capacitively

decoupling a second vglhagg oh' Quygakd 3eCond3Lashng

connection to gener ate a cona sensi ng connectli on
bi as \t;5|ap§g§togn§ugy thatngaidi §ipbRAVESBASBIaRpRREERiON is

to reshauetahealyl icedl 1EBat89shmdS§h§sEe39§XtCthe 46.
The nethod of claim4 erein firin sai ¢ sense

affl i fier conpares tﬁ8r96P9a@E BRtfeFERERD pEPHAERON
sai d trassistosi sgchopnhect sandbsasonal kageiagdcofintdtion is

I hod
o orEoRaNatageT0nRBGhI AR PLASA YR LadEnqtdiq R TRLNO

of cl capacrtive
second vol t age fron1§ardln§e@bﬁdssedsEmgstomee&atmon

TEdUC€§a§§hgt$9|Eﬁ9ﬁ @HQ£'§Q1dt91§§tdgéﬁmEﬂg éSHﬁé@Qlon is

connecti on. The net hod claim

céBacF@FGEFﬁcééﬁﬁlFﬁ@léﬁF@ f??@tsﬂbﬂtﬁgésén@égéélHlnt)

2004/ 021354 PCT/USZOQBf62ﬁ§3@ff s49d EbESHhASEBSEAYion
connegtlon 8rease§ Eg £ é e agglled to said
first E%%é%ﬁg toRHERt FBA ﬁ@l Agﬁﬁ? uESRBingj gennection is
sensi hgolateddfnami saidassloondcdegst nkimey (DRNW

sense anplifier, sai vin

and second sensing cgﬁﬁgg??%%gfp %éﬁﬁi%gg % 91 v°lta9e
céﬁne%@?%nS%prﬁéESFosgn$4¢%thm@$@t50nlgenesata &lfsrst

di gi t séh9en§oEBhLEct PoR BEIBIYoTE€hbe having an
el ectrical charge, and sajd, second sensing
capacitively decoupling a second voltage
from said second sensing connection to generate a
second sensing connection bias voltage; and
3s firing said DRAM sense amplifier to

restore electrical charge in said memory cell.

46. The method of claim 45, wherein firing
said sense amplifier compares the voltage difference
between said first sensing connection bias voltage and
said second sensing connection bias voltage.

47. The method of claim 45, wherein
capacitively decoupling said second voltage from said
second sensing connection reduces said voltage applied
to said second sensing connection.

48. The method of claim 46, wherein
capacitively coupling said first voltage onto said



connection coupled to a second digit line, said

apparatus conprising: neans for applying a voltage to
w@eadod/o2s4 fi rst and second digit |ines; neans POT/US2003/026736

accessing said electrical charge within said nenory

cell, wherein electrical charge sharing between said

menory cell and said first digit |ine generates a

first digit line bias voltage;” %P5 means for

capacitively decoupling a, voltage fromsaid_second .

di gi tE1¥ste ﬁ%}lfgﬂé}ﬂar%ﬁr@eactlﬁbo’ﬁa’gfcﬂagﬁets 418 goirade applied
vol t ags; sl fEas Jeifs fig i cunrssadtd dPRAM sense

anplifier to restore electrical charge in said nenory

20 cell. 50. A dynam c random access nenory (DRAM .
having a pluraldsy cfppHmhittud ifess bissmorensddld dn anglynamic
sense_anpl i f] ' W%ﬁ@pr | NQ: : € gai
coupllf?% %frécéoc% Slsn}?édrgov_l ce av%%g%nan%&ﬁgu%@gofpﬁlgd, sense
to ormmpifieér hHwing st antheteqond SANFIAA GRjEIections,

devi C§af§‘p§ﬂéﬂ Vé€d s IGRY R ine MO dra ol Mo declilptesdigit

vol tage from one_ of sajd ,dgﬁ{t lines after on%aof cell

sa¥ d rySalt | kinst 1o P B % HAEHTY

sai d $enEky aaml éTddrmidal feharhe saintl sl swsmd sensing

anplifier coupled t siotozcléoe ycgfitl_.-\%g 1 d

2004/ PRI /‘fﬁfgﬁ‘? %fé@&gi digt ,&lsys't em

conprappaxptus @MEESSOIg: a nenory controller; an

i nput/ out put devi ce;pa A dybang 1%@ a%mrgaid

chip having an arra ox,?s,rrerm,ryﬁ%e ls;, a plurality of

digi tfirstheand stepnd g ¥t ek eSind a vol t age

coupl i ng/ decoupl i ng ke £ ef $hava Eigle St 101t A celigd teark ¢ a0l

one of, sald JGin 1165 mdhSES Do PR dNOH AP% FEH Fhean
charge sharing between said memory cell and said first
digit line generates a first digit line bias voltage;

15 means for capacitively decoupling a
voltage from said second digit line to generate a
second digit line bias voltage; and
means for firing said DRAM sense

amplifier to restore electrical charge in said memory

20 cell.

50. A dynamic random access memory (DRAM)
having a plurality of digit lines, memory cells, and
sense amplifiers, said DRAM comprising:

a voltage coupling/decoupling device
5 having an output coupled to one of said digit lines;
wherein:
said voltage device capacitively couples
voltage onto or decouples voltage from one of said .
digit lines after one of said memory cells is accessed
10 and before one of said sense amplifiers is fired, said

one sense amplifier coupled to said one memory cell.



i o capacitively couples voltage onto or decouples

voltage fromone of said digit lines after one of
weald/omsspry cells is accessed and bef ore onepof/UsSB081026736

sense anplifiers is fired, said one sense anplifier

coupled to said one nenory cell; and . is data and

control signal busing coupled._ sai d processor, to

said nmenory controller, to said “dynam c random access

menory chip, ar%q t oAs%iy%tei“pQ%Hpglitsg_%b:devi ce.

10

15

a processor;

a memory controller;

an input/output device;

a dynamic random access memory chip
having an array of memory cells, a plurality of digit
lines, sense amplifiers, and a voltage
coupling/decoupling device having an output coupled to

one of said digit lines, wherein said voltage device

capacitively couples voltage onto or decouples voltage
from one of said digit lines after one of said memory
cells is accessed and before one of said sense
amplifiers is fired, said one sense amplifier coupled
to said one memory cell; and

data and control signal busing coupled
to said processor, to said memory controller, to said
dynamic random access memory chip, and to said
input/output device.



