18-March 2005 POWER SAVING READING OF MAGNETIC MEMORY DEVICES 5 FIELD OF THE
INVENTION The present disclosure relates to memory devices. More particularly, the disclosure
relates to power-saving reading of magnetic memory devices. BACKGROUND OF THE INVENTION
10 Magnetic memory such as magnetic random access memory (MR.AM) is a niéhMaieltiX)05
semiconductor-based memory technology in which magnetic, rather than electrical, charges are used
to store bits of data. Typically, magnetic memory devices comprise a plurality of memory cells or bits
that are arranged in a two-dimensional array. Each memory cell is configured to 15 store a single bit
of information, i.e., a logic value "1" or a logic value "0." Each memory cell of the array is coupled to a
column conductor and a row conductor at a cross-point of the conductors. To write data to a target
memory cell, current flow is provided through the column conductor and row conductor associated
with the target memory cell. The 20 magnetic fields created by the flow of electrons through the
conductors induce magnetic fields to set a permanent magnetization in a sense layer of the memory
cell 102 to control its resistivity and, therefore, control the state of the cell. 1 18 March 2005 Reading
of a target memory cell can be accomplished in various ways. In one
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disclosure relates to power-saving reading of magnetic memory devices.

BACKGROUND OF THE INVENTION
10 Magnetic memory such as magnetic random access memory (MRAM) is a
non-volatile, semiconductor-based memory technology in which magnetic, rather than
electrical, charges are used to store bits of data.
Typically, magnetic memory devices comprise a plurality of memory cells or
bits that are arranged in a two-dimensional array. Each memory cell is configured to
15  store a single bit of information, i.e., a logic value “1” or a logic value “0.” Each
memory cell of the array is coupled to a column conductor and a row conductor at a
cross-point of the conductors.
To write data to a target memory cell, current flow is provided through the
column conductor and row conductor associated with the target memory cell. The
20 magnetic fields created by the flow of electrons through the conductors induce
magnetic fields to set a permanent magnetization in a sense layer of the memory cell

102 to control its resistivity and, therefore, control the state of the cell.
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method, an "equipotential” reading scheme is used. This reading scheme is represented in FIG. 1. In
this figure, a cross-point array 100 is illustrated that includes a plurality of memory cells 102 that are
represented by resistors. Each of the 5 memory cells 102 is electrically coupled to a column conductor
104 and a row conductor 106. During an equipotential read, each column condu@dvi4:04 X)05
connected to an array voltage, VA, except for a column conductor that is coupled to a target memory
cell, T. Similarly, each row conductor 106 except the row conductor coupled to the target memory cell,

T, is connected to VA. 1Beadingipfadergstrnemeryirel sambs acrrinelishedincHuow 3% he TaRTE
memory cell, T, is connected to a sense voltage, VA', which approximates VA and which, as is
discussed belowmsthedd ansce@EnRtential oFsadiag: sthrmeatsetsadmonisclicading SFQsodh in
FIG. 1, the row conductor 106 coupled to the target memory cell, T, is connected to ground. With this
arrangement, arregpeeserted in, {iGfdw 1B tthisufigures Aosressqaintcareyy L0 sia ollustiatnd dthatine
row conductor 106 that is also coupled to the target memory cell, T. In addition, sense current,
Isense, flows thrineliddse pluyality ofmmemuesly, cElID 102 that arsppticescoted by sesistoes rdvadoptiliietors
not coupled to the target memory cell, T, sneak currents are minimized. FIG. 2 illustrates an example
sensing circuit 208emerernbjlusd? tds delentméally 2 tipdedh donergelanm ofendyeton d Atbrgnde HsTong
indicated in this figure, the sensing circuit 200 includes an operational amplifier 202, a first field-effect
transistor (FET) 20uductoscdff. FEDROE aeapatpotental geadmsachtorodumnapendussentédésmory
212. The operational amplifier 202 receives an input of VA into its positive terminal 2

connected to an array voltage, Va, except for a column conductor that is coupled to a

target memory cell, T. Similarly, each row conductor 106 except the row conductor

coupled to the target memory cell, T, is connected to Va.

10 As indicated in FIG. 1, the column conductor 104 coupled to the target

memory cell, T, is connected to a sense voltage, Va', Which approximates V, and
which, as is discussed below, is used to sense the memory state of the target memory
cell. As is also shown in FIG. 1, the row conductor 106 coupled to the target memory
cell, T, is connected to ground. With this arrangement, array current, Ia, will flow
15  through the non-target memory cells 102 coupled to the row conductor 106 that is
also coupled to the target memory cell, T. In addition, sense current, Lsease, flows
through the target memory cell, T. Due to the application of Va to the row conductors

not coupled to the target memory cell, T, sneak currents are minimized.
FIG. 2 illustrates an example sensing circuit 200 presently used to determine
20 the memory state of target memory cells. As indicated in this figure, the sensing
circuit 200 includes an operational amplifier 202, a first field-effect transistor (FET)
204, a second FET 206, a capacitor 208, a comparator 210, and a counter/memory

212. The operational amplifier 202 receives an input of Va into its positive terminal



18'March 2005 and outputs VA' to the column conductor coupled to the target memory cell. The

circuit 200 is further connected to a voltage source, Vdd, whose current flow is controlled with the
FET 206 via a control line 214. By way of example, the FET 206 comprises a p-type metal-oxide
semiconductor field-effect transistor (MOSFET). 5 During a read operation, VA id &pfplietl 20@he array
in the manner described above with regard to FIG. 1. In addition, Vdd is applied to generate the
sense current, Isense, which passes through the FET 204, e.g., an n-type MOSFET, to flow to the
target.memor.y.c%&w% >0 @Q‘Qﬁet@dﬁﬁn‘ﬁam_t&o@oﬁgléé 8 'ﬂfér%ﬁ%%tthﬁexﬁ@@rﬁai oftthe
capacitor until it is equal'to Vdd. The operational amplifier 202 10 adjusts the gate of the FET 204 to
ensure that VA' i%ﬁg,??t% alg\r/ Ltg o 82 s{,%%q -S I‘%&Qn@tiorw'ﬁ aptained,thfamplifier
202 opens the gate of the QE §§gl%suc\é§1actt e%aapacitogio% pr0\’/ided§’the 8urrent needed to
maintain VA' The iar I W ' : tiky ' % erence
voltage, Vref, tha%?g%%r%gvit t tgégapac|t§§rﬁ%§g§g,§|gﬂ§gﬁn@t y ‘%gi%?n%égéi)g%ﬁ ‘E% ?Isi
discharge is depicted in FIG. 3, which.illustrates capacjtor voﬁt e,/cap, over ti indicated in the
figure, the voltag‘e"ocl)? ?ﬁxesegaap%-cf%g? %%%ééset%e%% l%muci:tl(s)rt lé:}rg ﬁé&%ﬁg‘én&h |?fg§:g%n% id dropping
below, Vref. The time required to reach Vref depends upon the resistance of the target memory cell
and, therefote, provideijlt‘%gd?c OBETARMreNtoly BPRECGrhEEATRL M, %ﬁ%@q%radgﬁ%?ﬁ%me in
which a higher registance jndicat S:Fh&gi value "1" and a lower resistance indicates a logic value "0,"
2 logic value 0" AORR TR IkbchelR AN Vot AR EEGRIA RGOS o
indicated if Vref | sernfea, C&ﬁ%ﬁ%ﬁg;@f&%ﬂgﬁ the FET 204, e.g., an n-type MOSFET, to flow to the

target memory cell. Current also flows to the capacitor 208 so as to increase the
potential of the capacitor until it is equal to Va. The operational amplifier 202
10  adjusts the gate of the FET 204 to ensure that V' is substantially equal to V,. Once a
steady-state condition is obtained, the amplifier 202 opens the gate of the FET 206

such that the capacitor 208 provides the current needed to maintain Va'-
The capacitor 208 slowly discharges its voltage until its voltage is reduced to a
reference voltage, Ver, that, along with the capacitor voltage, is input into the
15 comparator 210. This discharge is depicted in FIG. 3, which illustrates capacitor
voltage, V.ap, over time. As indicated in the figure, the voltage of the capacitor
increases to Vaq and is then depleted until reaching, and dropping below, V. The
time required to reach Vi depends upon the resistance of the target memory cell and,
therefore, provides an indication of the memory state of the cell. For instance, in a
20  scheme in which a higher resistance indicates a logic value “1” and a lower resistance
indicates a logic value “0,” a logic value “0” is indicated if Vier is reached after the

elapse of time, ti, and a logic value “1” is indicated if Vrr is reached after the elapse



3 18 March 2005 of time, t2. The time it takes for the voltage of the capacitor 208 to drop to Vref is
measured and stored by the counter/memory 212. FIG. 4 depicts the voltage applied to the array
during a read. As indicated in this figure, VA must be applied to the array at least until the time
required for the 5 capacitor voltage to be reduced to Vref. Although this amountIéf Mraehs2A66 large in
an absolute sense, for instance on the order of 5 to 15 microseconds (s), in that VA is applied to each
memory cell coupled to the target memory cell's row conductor, a relatively large amount of current is

burned in the array vidae 1aiThe tanéie teRGALMOM® hRagargetlis vapagnr R0decdgipdiaty.ine
amount of current spent 10 during reading becomes significant. Another known reading method uses

a "non-equipotengiphsigadiniSeRABy theisoigReiAtentdg s represented in FIG. 5. As shown in this
figure, VA is applied only to the row conductor 106 that is coupled to the target memory cell, T; all

other row conductors 1g il aieitagb S LAluIS e shslndifconaled I timitiaruet

memory cell, T, is connected to a sense circuit 600 that is illustratéd in FIG. 6. The sense circuit 600

includes an ana'qgﬂ-éﬂﬁg@éa'\%mgpﬂx%sﬁ@@%oaﬁfé AR RORAAOAD Hsdigy r&?uhgeeae%&tme

provided by the columIT cohductor can be Trepresented by a voltage divider 606 that comprises a

resistor RT, geprec?g?%%ztgggé%%g%%&oﬁg& tt@@%t MAMBLSE HisAHHFERI YPERR 18 Rrge in

representing the pdra Ination e resistances of all the other memory cells coupled to the

target memory Cgﬁlﬁb%iﬂ{@ Qe%%@%?tﬂfsmx B'ﬁrﬁ% %%M‘%#B 2 S%icroseconds (ps), in that V is

applied to each memory cell coupled to the target memory cell’s row conductor, a
relatively large amount of current is burned in the array while waiting for the
capacitor to discharge its voltage. In the aggregate, the amount of current spent
10  during reading becomes significant.
Another known reading method uses a “non-equipotential” reading scheme.
This reading scheme is represented in FIG. 5. As shown in this figure, Va is applied
only to the row conductor 106 that is coupled to the target memory cell, T; all other
row conductors 106 are tied to ground. The column conductor 104 coupled to the
15  target memory cell, T, is connected to a sense circuit 600 that is illustrated in FIG. 6.
The sense circuit 600 includes an analog-to-digital (A/D) converter 602 and a
memory 604. In this figure, the resistance provided by the column conductor can be
represented by a voltage divider 606 that comprises a resistor Rr, representing the
resistance of the target memory cell, and resistors R; and R, representing the parallel
20 combination of the resistances of all the other memory cells coupled to the target
memory cell’s column conductor (only three shown in FIG. 5).
During a read operation, the A/D converter 602 receives a voltage input equal

to the voltage on the column conductor that is coupled to the target memory cell. This



During a read operation, the A/D converter 602 receives a voltage input equal to the voltage on the
column conductor that is coupled to the target memory cell. This 4 18 March 2005 voltage is then
converted into a digital value and compared multiple times to reference values to determine the
resistance of the target memory cell. The conversion and comparison process nidtivaltyhréfdires a
relatively long amount of time where extremely accurate measurement is required, for instance,
approximately 5 50 to 100 s. FIG. 7 illustrates the time required to make the state determination. In

particular, FIG. 7yiigiye thethél eonveriad antoui hiirieainvalil fahdncomipaddd npstiplé adiiiese tontil
finally becoming valid at t"alid. Until valid data is obtained, VA must be applied to the array. This

application of voliaagdg.deRiiRd ifbFHetedniiichhs hruistifd aincaprtiestatieanbnntidime Thed.

Accordingly, as in the equipotential 10 reading scheme, a relatively large amount of current is used to

obtain the data SWﬁ%rmﬁhﬁl@r&ﬁﬁﬁaﬁmgﬁo%é%mn FORHES af félﬁiﬁi@lioféﬂ‘%’ﬂl@xh&ﬁ%lﬁcam
when taken in the aggregate. SUMMARY OF THE INVENTION 15 The present disclosure relates to

methods for readipg AtRacLmemary selaliAhaliaefbMeNRIGERHS 15 MeaEaNgBmRihatpethod

comprises pulsing a voltage on the array, and obtaining a voitage value indicative of a memory state

of the target smerpry 588 (18Tt vaifae A 3ha 510 RARNING AllRWHbALR cleANronRected

to the target memory ce present disclosure also relates to sensing circuits that can be used

toread a particular, FIG. 7 shows the A/D converter output being invalid for an extended

period of time until finally becoming valid at tvaia. Until valid data is obtained, Va
must be applied to the array. This application of voltage is depicted in FIG. 8 which
shows V being applied at least until time tvaiia. Accordingly, as in the equipotential
10  reading scheme, a relatively large amount of current is used to obtain the data stored
by the target memory cell. Again, the amount of current lost can be significant when

taken in the aggregate.

SUMMARY OF THE INVENTION

15 The present disclosure relates to methods for reading a target memory cell of
an array of memory cells. In one arrangement, a method comprises pulsing a voltage
on the array, and obtaining a voltage value indicative of a memory state of the target
memory cell from the voltage pulse using a sensing circuit that is electrically
connected to the target memory cell.

20 The present disclosure also relates to sensing circuits that can be used to read a
target memory cell. In one arrangement, a sensing circuit comprises an operational
amplifier that is configured to receive an array voltage and output a sense voltage to a

conductor of the array that is electrically coupled to the target memory cell, a voltage



target memory cell. In one arrangement, a sensing circuit comprises an operational amplifier that is
configured to receive an array voltage and output a sense voltage to a conductor of the array that is
electrically coupled to the target memory cell, a voltage 5 18 March 2005 source that generates a
sense current, and a sense element that is electrically coupled to the operationdlS&amplifie2(83d the
voltage source. In another arrangement, a sensing circuit comprises an operational amplifier that is
configured to receive an array voltage and output a sense voltage to a conductor of the array that is
electrically 5 coupbactottia¢ gangeitesensengecetirranipitade senseeldneingdhatritelcatocally conpled, a
capacitor that is configured to store a voltage equal to a voltage on a conductor electrically coupled to
the target memorty ¢l ppecitosalimnplfacatbthewibltige scapecittn dnathsrcordiygemdnty Teensing and
disconnect the capacitor to and from the array. 10 BRIEF DESCRIPTION OF THE DRAWINGS The
invention can be sietigit gofgpisteschividpéaitoparaiaplifiefotiowing coafigogsl bheeceivpamneatmin the
drawings are not necessarily to scale, emphasis instead being placed upon clearly illustrating the
principles of the pesiagiet indeotigint 1b Jelise Listapsclemabiadaniesentatical ahadisieieritallieading
scheme used with magnetic memory devices. FIG. 2 is a block diagram of a sensing circuit that can
be used to rgad RAIPRY teells tarfie readirg seneivoRhfdGodrce that generates a sense current, a

capacitor that is configured to store a voltage equal to a voltage on a conductor
electrically coupled to the target memory cell, and a switch associated with the

capacitor that is configured to connect and disconnect the capacitor to and from the

array.
10
BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be better understood with reference to the following drawings.
The components in the drawings are not necessarily to scale, emphasis instead being
placed upon clearly illustrating the principles of the present invention.
15 FIG. 1 is a schematic representation of an equipotential reading scheme used
with magnetic memory devices.
FIG. 2 is a block diagram of a sensing circuit that can be used to read memory
cells in the reading scheme of FIG. 1.
FIG. 3 is a plot of capacitor voltage as a function of time.
20 FIG. 4 is a plot of array voltage as a function of time.

FIG. 5 is a schematic representation of a non-equipotential reading scheme used

with magnetic memory devices.



FIG. 3 is a plot of capacitor voltage as a function of time. 20 FIG. 4 is a plot of array voltage as a
function of time. FIG. 5 is a schematic representation of a non-equipotential reading scheme used
with magnetic memory devices. 6 18 March 2005 FIG. 6 is a block diagram of a sensing circuit that
can be used to read memory cells in the reading scheme of FIG. 5. FIG. 7 is a pl8t\agtigRaD6utput of
an analog-to-digital converter as a function of time. 5 FIG. 8 is a plot of array voltage as a function of

time. FIG. 9 is a schem&liS peisacllosk diagram of 25005188 HIEFRE (hlctrndreansed i BRAHBRMoNY

magnetic memory device. FIG. 10 is a schematic side view of an example memory cell of the array of
FIG. 9. 10 FIG. telisin thesreading srhempoflGiruit that can be used to read data from a magnetic
memory device in an equipotential reading scheme. FIG. 12 is a second example sensing circuit that
can be used to read dalofrisa plapbdigitaboutpyt 9wz etialegrtodligielaonseren i fyopkionofFIG.
13 is a plot of voltages across a sense element of the sensing circuits of 15 FIGS. 11 or 12 as a
function of time. &ifig. 14 is a plot of array voltage as a function of time when the sensing circuits of
FIGS. 11 or 12 are used.
5 FIG. 8 is a plot of array voltage as a function of time.
FIG. 9 is a schematic perspective view of an array of memory cells of an
embodiment of a magnetic memory device.

FIG. 10 is a schematic side view of an example memory cell of the array of FIG.

10 FIG. 11 is a first example sensing circuit that can be used to read data from a
magnetic memory device in an equipotential reading scheme.
FIG. 12 is a second example sensing circuit that can be used to read data from a
magnetic memory device in an equipotential reading scheme.
FIG. 13 is a plot of voltages across a sense element of the sensing circuits of
15  FIGS. 11 or 12 as a function of time.
FIG. 14 is a plot of array voltage as a function of time when the sensing circuits
of FIGS. 11 or 12 are used.
FIG. 15 is a first example sensing circuit that can be used to read data from a
magnetic memory device in a non-equipotential reading scheme.
20 FIG. 16 is a second example sensing circuit that can be used to read data from a
magnetic memory device in a non-equipotential reading scheme.
FIG. 17 is a plot of digital output of an analog-to-digital converter of the sensing

circuit of FIG. 16 as a function of time.



FIG. 15 is a first example sensing circuit that can be used to read data from a magnetic memory
device in a non-equipotential reading scheme. 20 FIG. 16 is a second example sensing circuit that can
be used to read data from a magnetic memory device in a non-equipotential reading scheme. FIG. 17
is a plot of digital output of an analog-to-digital converter of the sensing circuit of ¥arth 2604 function
of time. 7 18 March 2005 FIG. 18 is a plot of array voltage as a function of time when the sensing
circuits of FIGS. 15 or 16 are used. DETAILED DESCRIPTION 5 As identified above, known reading
schemes used to read flI@. di® ssapulttefraapy malipgetias m &mctipref tbas tyhenaly wesisiegacnehats/ely
large amount of current and therefore power. Disclosed herein are reading schemes that significantly
reduce the amowfFIGSoNEortibatars usell to read from such memory devices. As is discussed in
greater detail below, the reading schemes each involve the application of an array 10 voltage, VA, to
the array for a short period of time so that the voltage is merely pulsed on and off. This pulsing of the
array voltage, VA, translates to substantial power savings. Referring now to the drawings, in which

like numerals indicate corresponding partspyFreuanmn HESCRIFAIGNYS, FIG. 9 illustrates a portion of
a cross-point array magnetic memory device 900 that, for instance, can comprise a magnetic random

access 15 rgemory (MRAANHeABRKEaDR, 8968 ifEledemanssins ad HoRnesilpdifarfifnough
a limited number of memory cells 902 is depicted in FIG. 9, it is to be

magnetic memory devices typically waste a relatively large amount of current and
therefore power. Disclosed herein are reading schemes that significantly reduce the
amount of power that is used to read from such memory devices. As is discussed in
greater detail below, the reading schemes each involve the application of an array
10  voltage, Va, to the array for a short period of time so that the voltage is merely pulsed on
and off. This pulsing of the array voltage, Va, translates to substantial power savings.
Referring now to the drawings, in which like numerals indicate corresponding
parts throughout the several views, FIG. 9 illustrates a portion of a cross-point array
magnetic memory device 900 that, for instance, can comprise a magnetic random access
15 memory (MRAM) device. The device 900 includes an array of memory cells 902.
Although a limited number of memory cells 902 is depicted in FIG. 9, it is to be
understood that only a few cells are shown as a representation of the many memory cells
of the memory device to facilitate description of the device. In addition to the memory
cells 902, the magnetic memory device 900 includes a plurality of column and row
20  conductors 904 and 906.
As shown in FIG. 10, each memory cell 902 comprises, for example, first and
second magnetic layers 1000 and 1002, one of which is a fixed magnetic layer and the

other of which is a free magnetic layer, also known as the sense layer. By way of



understood that only a few cells are shown as a representation of the many memory cells of the
memory device to facilitate description of the device. In addition to the memory cells 902, the
magnetic memory device 900 includes a plurality of column and row 20 conductors 904 and 906. As
shown in FIG. 10, each memory cell 902 comprises, for example, first and secoh8 Maghet®fayers
1000 and 1002, one of which is a fixed magnetic layer and the other of which is a free magnetic layer,

also known as the sense layer. By way of 8 18 March 2005 example, the top magnetic layer, 1002 can
comprise the fre€ARBYet%airR HagneRF %’aﬁ{)4189%5?&?8%%1@80%&%%3@3%&@% etic
layer. Separating the two magnetic layers 1000, 1002 is a thin insulation Iayer#?oam that may function
as a tunnel barﬁ%?ﬁm%%‘fa]ﬁé@nwﬁg fmRTSSTO R BIf SO B ARFRG AL o PRREAERS @ﬁ#&l“s
junction (MTJ). Although a MTJ lﬁarranfement is shown and described herein, persons having oyrdinary

skill in the art willBgAEIS RS 002 48 dhir insulationdayes L0Q4 thatmay fundiien A BIRRELIs

can comprise giant magnetoresistive (GMR) elements, if desired. The memory state of the memory
cell 902 can be deaaigrineWindhis arenasmenty then grrawery rieHt HBnbshavesrase aagRaHe |IBElwhose
magnetic orientation can be toggled from an orientation in which it is aligned with the orientation of
the fixed magneilnkticsr MED: ofdthensbraiMiRiarangppenids shevwnian e derriy Persfetic
layer. The former state is called the "parallel” state and the latter state is called the "anti-parallel”
state. Typically, thavingcendinery skilldn tesiartiill inpirecipte that other arrangements are possible. For

example, the memory cells can comprise giant magnetoresistive (GMR) elements, if
desired.

The memory state of the memory cell 902 can be determined based upon the

10  magnetic orientation of the free magnetic layer, whose magnetic orientation can be
toggled from an orientation in which it is aligned with the orientation of the fixed
magnetic layer, to an orientation in which it opposes the orientation of the fixed
magnetic layer. The former state is called the “parallel” state and the latter state is
called the “anti-parallel” state. Typically, the orientation of magnetization in the free

15 layer (also referred to as the data layer or the storage layer) is aligned along its “easy”
axis.

The two different states have disparate effects on resistance of the memory
cell 902. Specifically, the memory cell 902 has a relatively small resistance when in
the parallel state, but has a relatively high resistance when in the anti-parallel state.

20  The parallel state can be designated as representing a logic value “0,” while the anti-

“1”

parallel state can be designated as representing a logic value or vice versa. In
such a scheme, the magnetic memory device 900 can be written to by changing the

magnetic orientation of the free layer of selected memory cells 902.



15 layer (also referred to as the data layer or the storage layer) is aligned along its "easy" axis. The

. two different states have disparate effects on resistance of the memory cell 902. Specifically, the
memory cell 902 has a relatively small resistance when in the parallel state, but has a relatively high
resistance when in the anti-parallel state. 20 The parallel state can be designatetiSsaslaegr@dénting a
iogic value 0. while (At PRigizhalele ARP A2 ABRIYIALGE A5, (R 7760 AEk 24ACE HBkin hnor vice
versa. In such a scheme, thé magnetic memory device 900 can be written to by changing the
magnetic orientaon, fuhe fiee e ofscledied memoan fes 808P HAMA BN AGRRR L

illustrates a first gﬂg}ﬁp € sensing ¢ hat can be used In an equipotentral reading scheme to
1100 moludos aroDger AR o L BB a o O et (R ol e T
e e 0 e B TR0 R el e ey 102
the target memory cell. As in the prior art equlfotentlal reading iﬁgﬁﬂ;ﬁ#&g Oé)er tlor'ial an“)tl{fler

1102 adjuststhe§8¥E5) thidfea- coraparatend ji8and ¢ Anemory, PRFRIOR UnRg a

read operation, VA is applied to the array of the memory device in the manner described with
regard to FIG. 1. }AQ3RERINCS RRIPELP 'é@‘t@métsdé?%ﬁ’(ﬁ tsroninel Ao ﬁ’ﬂ’éﬁ%g\fegg g"éeng%éﬂ%rﬁrent,

Isense, which passes through the FET ) ) . . .
conductor coupled to the target memory cell. As in the prior art equipotential reading

scheme, the operational amplifier 1102 adjusts the gate of the FET 1104 to ensure that
V' is substantially equal to V.

10 During a read operation, Va is applied to the array of the memory device in
the manner described above with regard to FIG. 1. In addition, Va4 is applied to the
sensing circuit 1100 to generate a sense current, Isense, Which passes through the FET
1104, e.g., an n-type metal-oxide semiconductor field-effect transistor (MOSFET), to
flow to the target memory cell. Before reaching the FET 1104, current flows through

15 the resistor 1106 that, by way of example, comprises a p-type MOSFET. When
enabled, the gate of the p-type MOSFET is connected to ground. The size of the
transistor is adjusted to give the desired resistance. The resistor 1106 can be
implemented as an semiconductor process compatible resistor.

The voltage across the resistor 1106, Vg, is depicted in FIG. 13 as a function

20 of time. As indicated in this figure, the voltage across the resistor 1106 quickly
reaches a steady-state condition, at ts, for instance after approximately 1 microsecond

(ps) or less, reflective of the memory state of the target memory cell. Specifically, the

10



1104, e.g., an n-type metal-oxide semiconductor field-effect transistor (MOSFET), to flow to the target
memory cell. Before reaching the FET 1104, current flows through 15 the resistor 1106 that, by way of
example, comprises a p-type MOSFET. When enabled, the gate of the p-type MOSFET is connected
to ground. The size of the transistor is adjusted to give the desired resistance. THeMasist@00306 can
be implemented as an semiconductor process compatible resistor. The voltage across the resistor
1106, VR, is depietddge hifosd thasaikiocti®06 29 reldisdetothendsistimddrofnisefligrget themmiyagd
across the resistor 1106 quickly reaches a steady-state condition, at tss, for instance after
approximately 1 micopdirgpiodOtsn 'sriiesas felleetive of the memory state of the target memory cell.
Specifically, the 10 18 March 2005 voltage across the resistor 1106 is related to the resistance of the
target memory cell according to Ohm's law as follows: VR - Isense X Rresistor 5 [Equation 1] where
VR is the resistance across the resistor 1106, Isense is the current that flows through the target
memory cell, and Rresistor is thg Fegiglarae.Qfshe resistor 1106. In that Isense is equal[ ;b9 ]
where Rwget is the resistance of the target memory cell, the memory state of the target memory cell
can be detergnined. As indicated in FIG. 10 13, this voltage can be a relatively low value, Vi, or a
relatively high value, V2. In a scheme in which high resistance indicates a logic value "1," Vi will

represent a l0giC yhere VR is the resistance across the resistor 1106, Linse is the current that flows

through the target memory cell, and Ryesistor is the resistance of the resistor 1106. In

that Isense is equal to VA'/Reager, Where Ruarget is the resistance of the target memory cell,

the memory state of the target memory cell can be determined. As indicated in FIG.

10 13, this voltage can be a relatively low value, V|, or a relatively high value, V2. Ina

scheme in which high resistance indicates a logic value “1,” V| will represent a logic

value “0” and V2 represents a logic value “1.” To make the memory state

determination, the observed voltage, Vg, is input into the comparator 1108 along with

a reference voltage, Vi, which for instance is equal to that observed when a target

15 memory cell is in either the “0” or “1” state. The two voltages are compared by the
comparator 1108, so that it can be determined whether Vg indicates a “0” or “1.”

Irrespective of whether the target memory cell is in the high or low resistance

state, Va can be quickly shut-off such that voltage is merely pulsed on and off, as

indicated in FIG. 14. Therefore, in contrast to the situation depicted in FIGS. 3 and 4

20 when a known equipotential reading scheme is used, current is only used in

embodiment of the invention for a very short period of time. The duration of the

voltage pulse is less than the 5 ps, which, as noted above, is currently the shortest

duration now required to read cells. Indeed, this period of time typically is no greater

11



vatue "0" and V2 represents a logic value "1." To make the memory state determination, the observed
voltage, VR, is input into the comparator 1108 along with a reference voltage, Vref, which for instance
is equal to that observed when a target 15 memory cell is in either the "0" or "1" state. The two

voltages are compared by the comparator 1108, so that it can be determined wh&tNersHR{dicates a
"0" or "1." Irrespective of whether the target memory cell is in the high or low resistance state, VA can
be quickly shut-off such that voltage is merely pulsed on and off, as indicated in FIG. 14. Therefore, in

contrast to the sithARGRRISHIEBE Y Fns Sherehy PIOBIg NG @nvAt HBWFPEERTS ONFL KRORS KRB me is
used, current is only used in embodiment of the invention for a very short period of time. The duration
of the voltage pi thiis rreults ingresthareduced wading POVGFEORAMRYGR o test duration now
required to read cells. Indeed, this period of time typically is no greater 11 18 March 2005 than
approximately | s, therely thasvherepsevmannfstutiag meonsisteraisy iy ERTisatingdnary eSS esults
in greatly reduced reading power consumption. In that there are manufacturing inconsistencies in
fabricating most areass peineryrdayiessntbeysdnsing Siteuits bHinsherau i1 BH8. sHodepietsp8. idealiepicts
an ideal 5 case in which the reference voltage, V.f, may be a static value. A common inconsistency is
to have varyfng \eiseesrofwhbitbithecerffertnes aynliagatcVin awidbereosiatiat Yalvemaydpesaumena
self-referenced sensing scheme can be used. An example self-referenced sensing circuit 1200 is
illustrated in FIGidén$istesensinty baveivd@iiziyalwedoftoetistastofior ithé-Kame Istatel tHieyefoosl
comprises an operational
errors that this may produce, a self-referenced sensing scheme can be used. An
example self-referenced sensing circuit 1200 is illustrated in FIG. 12. The sensing
circuit 1200 is similar to that shown in FIG. 11 and therefore comprises an operational
10  amplifier 1202, a FET 1204, a sense element (e.g., resistor) 1206, a comparator 1208,
and a memory 1210. In addition, however, the sensing circuit 1200 includes first and
second capacitors 1212 and 1214 that form part of a sample-and-hold circuit. As
indicated in FIG. 12, electrical connection of the capacitors 1212 and 1214 to the
array is made or broken through switches 1216 and 1218, respectively.
15 During a read operation, Va and Vg4 are applied to the array with the switch
1216 closed. Once the circuit 1200 reaches steady-state, however, the switch 1216 is
quickly opened so that the capacitor 1212 is disconnected from the array and stores
Vr. Next, the target memory cell is written to a known state and the read process
initiated again with the switch 1216 open and the switch 1218 opened. Once steady-
20 state is again reached, the switch 1218 is quickly opened to store the newly observed
VR on the capacitor 1214. This voltage is used as a reference voltage that can be

compared with the original observed Vr to make the determination as to what was the

state of the memory cell.
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10-amplifier 1202, a FET 1204, a sense element (e.g., resistor) 1206, a comparator 1208, and a
memory 1210. In addition, however, the sensing circuit 1200 includes first and second capacitors
1212 and 1214 that form part of a sample-and-hold circuit. As indicated in FIG. 12, electrical
connection of the capacitors 1212 and 1214 to the array is made or broken throl§MVemnatcP@®51216
and 1218, respectively. 15 During a read operation, VA and Vdd are applied to the array with the

switch 1216 closed. O he circuit 1200 reaches steady-state, however, the switch 1216 is quickly
opened so that the cap;%[é’r %1%@5@38“%@%%8&%&%rﬁweeaﬁg?waﬁﬂlg?&e PRV %M Get

memory cell is wrjtten to, a known state and the read process initiated again with the swjtch 1216
open and the swiibRAB 16 J5E9 SBSEHER &éﬁﬁy‘éﬁ@ta?éyisa%%ﬁ rga%ﬁ&f,%vﬁ%&ﬁm&gh@fst ickly
opened to store the newly observed VR on the capacitor 1214. This voltage | ed as.a reference
voltage that can Y& ¥iABsH4R bﬁﬁ%féﬁb‘?igi‘ﬁaﬂagﬁ%’é?\‘}%&%} ?Bdrr}%lié -n%’%%@?#fﬁ%ﬁ%@&ﬁ&%m
was the state of the memory cell. 12 18 March 2005 With the arrangement described above, a low
amount of powerlf¥ ashganenrijgshtandhea adpadatigricalln aogrcates than sppeximatelalras long
enough for the VR voltages to be stored in the capacitors 1212 and 1214. Specifically, VA is applied
for a duratiofl of less thdH¢hd & %l.‘ésgﬁ&st%iéwpﬁ)fosspéﬁ%éﬁfﬁhtdéﬁﬁbthﬂﬁé&%}’f ysegdring nop-
illustrates an example sensing circuit 1500 that can be used in a non- equipotential reading scheme to

determine the mé&apptontial geadigsiseheme tp dstierming thei sugnomy ctatesof| g ataBeReEN S84S;

non-equipotential reading scheme. As
In particular, FIG. 15 illustrates an analog, non-equipotential reading scheme. As

indicated in this figure, the sensing circuit 1500 includes first and second capacitors

1502 and 1504 that are electrically coupled to and decoupled from the column
10  conductor of the target memory cell (indicated by the voltage divider 606) with

switches 1506 and 1508, respectively. With this configuration, the capacitors 1502,

1504 form part of a sample-and-hold circuit similar to that described above with

reference to FIG. 12. The capacitors 1502, 1504 are connected to a comparator 1510,

which is used to compare the voltages stored in the capacitors and forward these
15  values to a memory 1512.

During a read operation, V4 is applied to the row conductor coupled to the
target memory cell as described in relation to FIG. 5. When this voltage is applied,
the switch 1506 is closed such that the first capacitor 1502 receives current. The first
capacitor 1502 quickly reaches a steady-state condition at which the voltage stored in

20 the capacitor equals that across the column conductor. As with the embodiments
described above in relation to FIGS. 11 and 12, this steady-state condition is achieved
quickly. At this point, the switch 1506 can be opened and Va can be shut-off. As

indicated in FIG. 18, the voltage pulse is just long enough in duration for the

13



indicated in this figure, the sensing circuit 1500 includes first and second capacitors 1502 and 1504
that are electrically coupled to and decoupled from the column 10 conductor of the target memory cell
(indicated by the voltage divider 606) with switches 1506 and 1508, respectively. With this
configuration, the capacitors 1502, 1504 form part of a sample-and-hold circuit SisnNear¢b Q6
described above with reference to FIG. 12. The capacitors 1502, 1504 are connected to a comparator

1510, which is uggshéftsionsp2ne teachaliegasadicsesteiodhdittomatliy Saraddarie desh thass ISandlues to
a memory 1512. During a read operation, VA is applied to the row conductor coupled to the target

memory cell as dgpaeIRd e atateiehal approdineidlyia y@ltage is applied, the switch 1506 is closed

such that the first capacitor 1502 receives current. The first capacitor 1502 quickly reaches a

steady-state condition afyhievide fo!l@aereteresting AHbaLapoaitanagUet thathaereastiae goiimn
conductor. As with the embodiments described above in relation to FIGS. 11 and 12, this steady-state

condition is achiqugsl ik vind tiRiscaaiptosass swiliahd 3pRiSATER GRR)EsEFAISOB RRRRUEON. A
indicated in FIG. 18, the voltage pulse is just long enough in duration for the 13 18 March 2005

capacitor 1592 tqieaeh NG HGANRIBLFORALIPD thaisbrationiRiR?S Y0aN DR WealiRiealbisiS NO

greater than approximately 1 s. To provide for self-referencing, the target memory cell is then written

toa known state,gagh tagdiea ROGORSHTYIBICH apalida BhIP A iy aiied 1508 aHiloaRd Bodich

that current will be”provided to the second capacitor 1504. Once steady-state IS

stored voltages are input into the comparator 1510 and stored into memory 1512 so
that the original memory state of the memory cell can be determined.
Again, in that the array voltage, Va, is only pulsed on and off during the read
10  processes, less current is used and, therefore, less power is consumed.
FIG. 16 illustrates another example sensing circuit 1600 that can be used in a
non-equipotential reading scheme. In this embodiment, however, the sensing circuit
1600 facilitates a digital, non-equipotential reading scheme. As indicated in FIG. 16,
the sensing circuit 1600 includes a single capacitor 1602 that can be electrically
15 coupled to and decoupled from the column conductor of the target memory cell
(indicated by the voltage divider 606) with a switch 1604 to again provide sense-and-
hold operation. The capacitor output is input into an analog-to-digital (A/D)
converter 1606 that converts the analog voltage into a digital value that is stored in
one of two memory locations in memory 1608.
20 During a read operation, Va is applied to the row conductor coupled to the
target memory cell with the switch 1604 closed. The capacitor 1602 quickly reaches

a steady-state condition (e.g., after approximately 1 ps). Once this occurs, the switch

14



again reached, the switch 1508 is opened and the array voltage, VA, is shut-off. Both stored voltages
are input into the comparator 1510 and stored into memory 1512 so that the original memory state of
the memory cell can be determined. Again, in that the array voltage, VA, is only pulsed on and off
during the read 10 processes, less current is used and, therefore, less power is CoNsambeZD(BIG. 16
illustrates another example sensing circuit 1600 that can be used in a non-equipotential reading

scheme. In this efgbaqinapBheACINE YRE 4h18,500RH, Ok Uihal S0Rpsd acme diaiyak Ban-efingiential

reading scheme. As indicated in FIG. 16, the sensing circuit 1600 includes a single capacitor 1602

that can be electticaliy 13 6 ta shdsieeauRlag Koamnthiedartdmea waRdicer of the target memory

cell (indicated by the voltage divider 606) with a switch 1604 to again provide sense-and- hold

operation. The capacitosaitfutisiRiRg! IR AR IAS VR thd AR)ec amiRsiST d8PRdNAkaBwIErtS

the analog voltage into a digital value that is stored in oneic% two memory locations in memory 1608.

20 During a read gReralipfhe} fel3ARMIEH. oriie sttt 988G LI 20k BIBEE P VRIS UPPREY €1l With

the switch 1604 closed. The capacitor 1602 quickly reaches a Steady-state condition (e.g., after

cpprodmately 1 ), Q0Ce iR 0655 RUIFRAA AVALEA 2003 4B 5 oFaRedoRY ey

voltage, VA, that Is ap e array Is shut-o that VA is only pulsed on and off in thé
e P R R R S Gy Sl 7o
Again, this occurs in a short period of time. Once again, the pulse has a duration less
than 5 ps and, typically, is no greater than approximately 1 ps. The newly-stored
voltage of the capacitor can then be converted into a digital value by the A/D
10  converter 1606 and provided to the second memory location of memory 1608 for
comparison to the originally observed value. Through this comparison of the two
stored digital values, the original memory state of the target memory cell can be
ascertained.
Although, as indicated in FIG. 17, the analog-to-digital conversion process
15  can require a relatively long time, due to the sense-and-hold capability of the sensing
circuit 1600 provided by the capacitor 1604 and switch 1604, the array voltage, Va,

need only be pulsed for a short period of time (e.g., 1 ps) as indicated in FIG. 18.

Therefore, less current is used and, therefore, less power is consumed.
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5 the row conductor such that current is provided to the capacitor 1602. Once steady state is reached,
the switch 1604 is opened and the array voltage, VA, is shut-off. Again, this occurs in a short period of
time. Once again, the pulse has a duration less than 5 Rs and, typically, is no greater than
approximately | [Ls. The newly-stored voltage of the capacitor can then be converted into a digital
value by the A/D 10 converter 1606 and provided to the second memory locatiom gfNeeaaryoE608 for
comparison to the originally observed value. Through Mjismsomparison of the two stored digital values,
the original memory state of the target memory cell can be ascertained. Although, as indicated in FIG.
17, the analog-toydigitabeemearsion process 15 can require a relatively long time, due to the
sense-and-hold capability of the sensing circuit 1600 provided by the capacitor 1604 and switch 1604,
the array voltage, VA, need only be pulsed for a short period of time (e.g., 1 Rs) as indicated in FIG.
18. Therefore, less current is used and, therefore, less power is consumed. 15 CLAIMS What is

claimed is: 18 March 2005 1. A meffaf fer reamvyocdatsisaMadaaeheeorg venedfodaarayayrof
memory cells, comprising: 5 pulsing a voltage on the array for a duration less than 5 microseconds;

and obtaining anttegecendiednipdaiiie of a memory state of the target memory cell from the voltage
pulse using a sensing circuit that is electrically connected to the

5 pulsing a voltage on the array for a duration less than 5 microseconds; and
obtaining a voltage value indicative of a memory state of the target memory
cell from the voltage pulse using a sensing circuit that is electrically connected to the

target memory cell.

10 2. The method of claim 1, wherein the pulsing a voltage comprises
applying the voltage pulse to a plurality of the conductors of the array in an

equipotential reading scheme.

3. The method of claim 1, wherein the pulsing a voltage comprises
15 applying the voltage pulse solely to a conductor that is electrically coupled to the

target memory cell in a non-equipotential reading scheme.

4. The method of claim 1, wherein the obtaining a voltage value

comprises measuring a voltage drop across a sense element of the sensing circuit.

20 5. The method of claim 4, wherein the obtaining a voltage value further
comprises inputting the magnitude of the voltage drop into a comparator of the
sensing circuit.
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target memory cell. 10 2. The method of claim 1, wherein the pulsing a voltage comprises applying
the voltage pulse to a plurality of the conductors of the array in an equipotential reading scheme. 3.
The method of claim 1, wherein the pulsing a voltage comprises 15 applying the voltage pulse solely
to a conductor that is electrically coupled to the target memory cell in a non-equipotential reading
scheme. 4. The method of claim 1, wherein the obtaining a voltage value comprisgaRASAIIY a

voltage drop across a gense qgiggneet-ekitle srngiag wiekitn 2ReSodthmintethoslegelaimé furtriein the
obtaining a voltage value further comprises inputting the magnitude of the voltage drop into a

comparator of thengrreiesiiayit 161&3dMaych 20Qke Gokhgerasthod of cApititdr Whereigdhgrgbtaining

a voltage value further comprises storing a voltage equal to the voltage drop in a capacitor of the

sensing circuit sgriiat o endetirRORoIEgR Grp kendsiernineihafteftdnthy olihageisspied. 7. The method of
claim 1, wherein the obtaining a voltage value 5 comprises measuring the voltage across a conductor

that is electrically coupled to the target memory cell and storing the voltage in a capacitor. 8. The
method of claim 7, further comprising inputting the voltage stored in the capacitor into a comparator.

10 9. The method of claim 8, fuighexdtRoapresingdnutting/keesuoltdge sieieehg a voltage value
5 comprises measuring the voltage across a conductor that is electrically coupled to the

target memory cell and storing the voltage in a capacitor.

8. The method of claim 7, further comprising inputting the voltage stored

in the capacitor into a comparator.

10 9. The method of claim 8, further comprising inputting the voltage stored
in the capacitor into an analog-to-digital converter that converts the voltage into a

digital value.

10.  The method of claim 1, wherein pulsing a voltage comprises pulsing a

15  voltage on the array for no greater than approximately 1 microsecond.

11. A method for reading data from a target memory cell of an array of
memory cells, comprising:
pulsing an array voltage on a plurality of row and column conductors of the
20 array;
connecting a sensing circuit to a conductor that is electrically coupled to the
target memory cell, the sensing circuit including a sense element; and

17



in the capacitor into an analog-to-digital converter that converts the voltage into a digital value. 10.
The method of claim 1, wherein pulsing a voltage comprises pulsing a 15 voltage on the array for no
greater than approximately 1 microsecond. 11. A method for reading data from a target memory cell of
an array of memory cells, comprising: pulsing an array voltage on a plurality of row and column
conductors of the 20 array; connecting a sensing circuit to a conductor that is elegirjgalshcaupled to

the target memory celjsthersiangnacienigadrsinsmsenreselemertinanddt iHSMaial 205t
ascertaining the voltage drop across the sense element of the sensing circuit during the voltage pulse,

the voltage dropibgiiptiecieatise pliRdneBBRIQIRIINRIRY IRliREMOBF eethemar; Jthe Bethed of

claim 11, wherein the pulsing an array voltage comprises pulsing an array voltage on substantially
every conductorgfthaenasiialy exgept conductors that are electrically coupled to the target memory cell.
13. The method of claim 11, wherein the ascertaining the voltage drop 10 across the sense element
comprises determining the voltage drop using a comparator of the sensing circuit that is electrically
coupled to the sense element. 14. The method of claim 13, further comprising comparing the

determineds voltage drgp, to aTkéerapg@yoiRggimmeke ritesaiminatianspigharmmamgryatigeof
comprises pulsing an array voltage on substantially every conductor of the array

except conductors that are electrically coupled to the target memory cell.

13.  The method of claim 11, wherein the ascertaining the voltage drop
10  across the sense element comprises determining the voltage drop using a comparator

of the sensing circuit that is electrically coupled to the sense element.

14.  The method of claim 13, further comprising comparing the determined
voltage drop to a reference voltage to make a determination of the memory state of
the target memory cell.

15

15.  The method of claim 11, wherein the ascertaining the voltage drop

across the sense element comprises storing a voltage equal to the voltage drop in a

capacitor of the sensing circuit.
16.  The method of claim 15, further comprising comparing the stored
20  voltage to a reference voltage to make a determination of the memory state of the

target memory cell.
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the target memory cell. 15 15. The method of claim 11, wherein the ascertaining the voltage drop
across the sense element comprises storing a voltage equal to the voltage drop in a capacitor of the
sensing circuit. 16. The method of claim 15, further comprising comparing the stored 20 voltage to a
reference voltage to make a determination of the memory state of the target memory cell. 18 18
March 2005 17. The method of claim 15, further comprising comparing the storefgvahagetng voltage

stored on anothgy capagitomefite sedlairt 18! FURBAE YRS RIgIbad RitRigthe de@etvoragens eell was
written to a known state and resensed using the sensing circuit. 5 18. A sensing circuit for sensing a

memory state of;gltajeetdnernerihof camateyoelneereivs elleuroiariviRos Rai fREEHEP R
amplifier that is configured to receive an array voltage and output a sense voltage to a conductor of

the array that istgigeétriealivosp uRiediigs thaitldh tesogtnemp tte i iekagr $Qi4ing that gesrigtes a
sense current; and a sense element that is electrically coupled to the operational amplifier and the

voltage source. circuit.

5

18. A sensing circuit for sensing a memory state of a target memory cell of
an array of memory cells, comprising:

an operational amplifier that is configured to receive an array voltage and
output a sense voltage to a conductor of the array that is electrically coupled to the

10  target memory cell;
a voltage source that generates a sense current; and
a sense element that is electrically coupled to the operational amplifier and the

voltage source.

19.  The sensing circuit of claim 18, further comprising a comparator that is
15  electrically connected to the sense element, the comparator being configured to
compare a voltage drop across the sense element to a reference voltage to determine a

memory state of the target memory cell.

20. The sensing circuit of claim 19, further comprising a memory that is

20  electrically coupled to the comparator so as to receive output from the comparator.

21.  The sensing circuit of claim 18, wherein the sense element comprises a
field-effect transistor (FET).
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19. The sensing circuit of claim 18, further comprising a comparator that is 15 electrically connected to
the sense element, the comparator being configured to compare a voltage drop across the sense
element to a reference voltage to determine a memory state of the target memory cell. 20. The
sensing circuit of claim 19, further comprising a memory that is 20 electrically coupled to the
comparator so as to receive output from the comparator. 21. The sensing circuit of gjgirth1IBowherein

the sense element comprisesTaéigishsehieelrtansistedi ir g whrildMateREemeRRedmprrenaing

circuit of claim 18, wherein the sense element comprises a p-type, metal-oxide field-effect transistor

(MOSFET). 23. Jlageemstapdiie fiefdciafsatkfrfsistoe (@@BPESINg a switch operable 5 to connect and
disconnect a capacitor to the array, the capacitor being configured to store a voltage equal to the

voltage drop across the sense element after voltage is removed from the array. 24. The sensing
circuit of claim 23, further comprising a second switch 10 operable to that connect and disconnect a

second capacitor to thezirray THieseasipgCRBNAGIOEI BRI U FOfEbFed i ARG @ YaliRaeperagldo a
second voltage drop across the sense element. 25. A method for reading data from a target memory

cell of an agay @f cdnmeermaty distisnenpidaRgitor Rngeadr @l ahy eipasiton riirgicenfiguaiarno
electrically coupled to the target
store a voltage equal to the voltage drop across the sense element after voltage is

removed from the array.

24.  The sensing circuit of claim 23, further comprising a second switch
10  operable to that connect and disconnect a second capacitor to the array, the second
capacitor being configured to store a voltage equal to a second voltage drop across the

sense element.

25. A method for reading data from a target memory cell of an array of
15  memory cells, comprising:
pulsing an array voltage on a first conductor electrically coupled to the target
memory cell;
connecting a sensing circuit to a second conductor that is electrically coupled
to the target memory cell; and
20 determining the voltage on the second conductor during the voltage pulse by
storing the voltage within the sensing circuit, the voltage being indicative of a

memory state of the target memory cell.
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memory cell; connecting a sensing circuit to a second conductor that is electrically coupled to the
target memory cell; and 20 determining the voltage on the second conductor during the voltage pulse
by storing the voltage within the sensing circuit, the voltage being indicative of a memory state of the
target memory cell. 18b 18 March 2005 26. The method of claim 25, wherein storing the voltage
comprises storing the voltage in a capacitor of the sensing circuit. 27. The methoiqfiglalm @ further

comprising inputting thgestorethéatiagRdnée anmBaiaierei 2BrihgaaedlefdOteininsed sioiimer

comprising writing the target memory cell to a known state, storing a second voltage equal to the

voltage on the sgeqftagenddcigastoripgtiessesagdivaliage in a second capacitor, and comparing
the first and second voltages with the comparator to make the memory state determination. 29. The

method of claim 26, further comprising inputting the stored 10 voltage into an analog-to-digital
converter. 30. The method of claim 29, further comprising inputting a second voltage stored in the

capacitor after the targgr menory aeitiwas ofrigiaimiozs Kiomiemesagitissigtenpdicgmpariieréae
second voltage to the first voltage. 15 31. A sensing circuit for sensing a memory state of a target

memory cell of wgltageiyef arempayaesils, comprising:

5 28.  The method of claim 27, further comprising writing the target memory
cell to a known state, storing a second voltage equal to the voltage on the second
conductor, storing the second voltage in a second capacitor, and comparing the first

and second voltages with the comparator to make the memory state determination.

29.  The method of claim 26, further comprising inputting the stored

10  voltage into an analog-to-digital converter.

30.  The method of claim 29, further comprising inputting a second voltage
stored in the capacitor after the target memory cell was written to a known memory

state and comparing the second voltage to the first voltage.

15 31. A sensing circuit for sensing a memory state of a target memory cell of
an array of memory cells, comprising:
a voltage source that generates a sense current;
a capacitor that is configured to store a voltage equal to a voltage on a
conductor electrically coupled to the target memory cell; and

20 18c



a voltage source that generates a sense current; a capacitor that is configured to store a voltage equal
to a voltage on a conductor electrically coupled to the target memory cell; and 20 18c 18 March 2005
a switch associated with the capacitor that is configured to connect and disconnect the capacitor to
and from the array. 32. The sensing circuit of claim 31, further comprising a comparator that is 5
electrically connected to the capacitor. 33. The sensing circuit of claim 31, furthei gampsisings second

switch being configureq te\gRANasIRNddISHARNER afREA0H antacitesidignddrem dbenattaind4. The
sensing circuit of claim 31, further comprising an analog-to-digital 10 converter that is electrically

connected to thgisenaeitthe2agdeaGeddng roavthehalaim 31, further comprising a memory. 36. A
sensing circuit for sensing a memory state of a target memory cell of an array of memory cells,

comprising: an operational amplifier that is configured to receive an array voltage and 15 output a
sense voltage to a conductor of the array that is electrically coupled to the target memory cell; a

capacitor that is configgped toTsi@keraivigitagsinsheative 311, umesnesynpiadihgh toeniriaesmaeiniery cell;
and a switch associated with the capacitor that is configured to connect and 20 disconnect the

capacitor tanc:feetridaigyasansuehdak aasitage can be stored on the

33.  The sensing circuit of claim 31, further comprising a second switch

being configured to connect and disconnect a second capacitor to and from the array.

34.  The sensing circuit of claim 31, further comprising an analog-to-digital

10  converter that is electrically connected to the capacitor.

35.  The sensing circuit of claim 31, further comprising a memory.

36. A sensing circuit for sensing a memory state of a target memory cell of
an array of memory cells, comprising:
an operational amplifier that is configured to receive an array voltage and
15 output a sense voltage to a conductor of the array that is electrically coupled to the
target memory cell;
a capacitor that is configured to store a voltage indicative of a memory state of
the target memory cell; and
a switch associated with the capacitor that is configured to connect and
20  disconnect the capacitor to and from the array such that a voltage can be stored on the
capacitor after an array voltage is pulsed on and off the array.
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capacitor after an array voltage is pulsed on and off the array. 18d 18 March 2005 37. The sensing
circuit of claim 36, further comprising a sense element. 38. The sensing circuit of claim 36, further
comprising a comparator that is configured to compare a first voltage to a reference voltage to
determine a memory state of the target memory cell. 5 39. The sensing circuit of claim 36, further
comprising an analog-to-digital converter that is electrically coupled to the capacit@nAg:hFgnsensing

circuit of claim 36, furttygr commprsiagsmderRan6fld8m 36, further comprising a sense element.
38.  The sensing circuit of claim 36, further comprising a comparator that is
configured to compare a first voltage to a reference voltage to determine a memory

state of the target memory cell.

5 39.  The sensing circuit of claim 36, further comprising an analog-to-digital

converter that is electrically coupled to the capacitor.

40.  The sensing circuit of claim 36, further comprising a memory.
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