WD 2004/ 095463 PCT/ US2004/ 008404 METHOD FOR REDUCI NG

PONER CONSUMPTI ON WHEN SENSI NG A RESI STI VE MEMORY
wWo-b@altvidE3 THE | NVENTI ON [ 0001] The present i nVROIL/USI004/008404

relates to nenory devices, and nore particularly to a

sensing circuit for sensing the logical state of a

resistive nenory cell. BACKGROUND OF THE | NVENTI ON

[ 0002] A resistor-based nmenory array 200, such as that

depicted in FIG 1, typically contains intersecting

row lines 210 and col umm |ines 220 which are

i nterconnected by resistive nenory cells 230 at the

METFEODFOR KEDUEINGYPOW ER CiN S UMAESONWIH e SENSING A

random access nenoryg&yRA is one exanple of a nenory

devi ce which i ncl ud®ESISEIEE; y cells arranged

as shown in FIG 1. [0003] FIG 1 shows a portion of a

resi stive nmenory YR i j des an array

200 of Magnetic Ramd® ..Qgﬂsﬁﬁi M el enents,

a plurality of electrically conductive row |lines 210,

and a plurality, of electrically conductive col um .
10001 hes The pressahitswiion iaes (o HBEDEEissS eaKhmGre phgicularly to a

plurality of colum lines by a respective MRAM
sensifgStisduit/for abivilg th2ld@ical §tateasti sstckisvanmeniory aell.ay

consi sts of 1024 rows and 1024 colums, i.e.,

approximately 1 mllion cells, and each cell has a

resi stance o xbRaN ONBAOEKER fRRAIGTIONN 1S
| ogi c state, ' [l rows
and all colums, except for those associated with the
. ected cell, are respectivel shorted toget her Wi
100§] Spp o miar et Moty ey 200, siitfog et . b,
process,
typically contains intersecting row lines 210 and column lines 220 which are

interconnected by resistive memory cells 230 at the cross point of the row and column
lines. A magnetic random access memory (MRAM) is one example of a memory device

which includes resistive memory cells arranged as shown in FIG. 1.

[0003] FIG. 1 shows a portion of a resistive memory device. The device includes
an array 200 of Magnetic Random Access Merhory (MRAM) elements, a plurality of
electrically conductive row lines 210, and a plurality of electrically conductive column
lines 220. Each row line is connected to each of the plurality of column lines by a
respective MRAM resistive element 230. If resistive memory array consists of 1024
rows and 1024 columns, i.e., approximately 1 million cells, and each cell has a resistance
of 1.2 MQ or 800 KQ, depending on its logic state, the collective resistance when all
rows and all columns, except for those associated with the selected cell, are respectively

shorted together will be approximately 1KQ. Typically during the read process, a
1



1 WD 2004/ 095463 PCT/ US2004/ 008404 voltage is

i npressed across a selected row or cell, resulting in
w@2welvEege at node "A, " as a result of currenpCT/USW004/008404

t hrough nenory cell 130 connected to node "A. " [0004]

A plurality of swtches 240, are respectively

switchingly connected between one of the row lines

and a first source of constant potential (ground) 250.

The. s ement e nsSi_s CA »
voleig BTl i Sl Ao s LR adb Mg afhage <A asa
known in the art. A plurallty of sensing circuits 260,
resug @f %méékqwéwugbm@n@@dce It 3¢ ¢rnnsctadaio ngdeof Aol urm
Ilnes 220. Each sensing circuit 260 includes a source
constant electrical potential (VA which is

lied to the respectiyve colum line. A plyrality o
WO@%? o writg et Sefie 2, e Wiy PiGishist Spctslberveen
respectively connected to each of the plurality of
onerafwhe irowedingd and pGg5pulee efmematano poteiat (grognd) 280cMhe switches
as switch 270 associated with a particular row line
mayzl%)lm BrfehfSEsh $hsRorks Colfa ?%cta%}mrdﬁ%théﬂlﬁ O%Qal’hﬁl%blﬁ switches
ground potential and a particular colum , €.0.,
sensed to esi.st ance
that 355 kPTG L 8ty < BRI OfstRs Cres 20 Shoisbesiely connected
resulting electrical circuit for the relevant portion
to tBOpluhlitytdfeohemp lipen2?2 y Bable serstvg A8t 26Q) imluttsd. sodsce of
shown, nenory el enent 310 to be sensed is connected

con&sﬁmg&la g;&umﬁw OWHidHS a%?@ecﬁ&ﬁdfb rlfé?ﬁéch%‘ t8fumn line. A

col umm So connected to the colum |1 ne

e a pIu allty of resi stive pgenory
plurél2 'é’n‘éfr udl-pe V@ tagy m?ﬁSsﬁ% SUPRES vedege 360 arestmccaa%lﬁ
| of which is connected at its
connected to each of the plurality of row lines 210.

[0005] In operation, switch 240, such as switch 270 associated with a particular
row line 280, is closed so as to bring that row line to the ground potential and a
particular column line, e.g., 320 is sensed to read the resistance value of a particular

resistor 310.

| 10006] FIG. 2, shows the resulting electrical circuit for the relevant portion 300 of
the memory array when row 280 is grounded. As shown, memory element 310 to be
sensed is connected between a grounded row line 280 and a particular column line 320.
Also connected to the column line 320 are a plurality of other resistive memory
elements (e.g.. elements 330, 340, 350, 360, 370) each of which is connected at its

opposite end to a pull-up voltage source V, 215 through a respective row line 210. In



opposite end to a pull-up voltage source VA 215

through a respective row line 210. In 2 WO 2004/ 095463
wWEOA0826004/ 008404 addition, a sensing circui PCHOS200£008404

connected to the columm line 320. The sensing circuit

400 includes a voltage supply (not shown) that

mai ntains the colum line 320 at the potential of the

vol tage source VA. [0007] The other resistive nenory

L . - L d I ne 0, I
AR 2R i g% O DU A M S0, Hbonsing circu
referred to as sneak resistance. The effective .
40¢ inslugien g veltage surply Mrefichosa) shamaintyng tha olumn; ns 320 at the
value for the sneak resistance mght be 1 M
potdievgiof et eslsagdaenacsse, bot h ends of each ungrounded
el ement 320, 340, 350, 360, 370 are ideally
mai nt ai ned at the sane potential as the columm line
320 (e.g., VA, net current flow through the sneak
[000@$i st drtweothsr desstivalhgmoryal¢ments ( those [[@da8Jutgnounded row lines)
contrast, a neasurable current flows through the

33(9320ndsd. 866 B0, Brm FBRfuWafln® TEMNrardtQefelRidSto as sneak resistance.
measUrabl e currént allows the sensing circuit 400 to

eval uate the resi stance of. the nmenory el ement 31Q b
The $iEecHuh Eretinse L IPE S TCUTRRE 1S SPgIh 4 Bial KURf b the sneak
can flowin a resistive nmenory array when sensing the
resistaheeemgghtttieel KéRn¥ewerdiebmgiiecawedanhiends of cpdmetgrdnaded element
on the menory array will require a relatively |large

e d S Ol | T :
O RPN B S BRLERSAMEY oo i

o B R STk £y P2 e
provides a sinplified
[0008] In contrast, a measurable current flows through the grounded resistive
memory element 310. This measurable current allows the sensing circuit 400 to
| evaluate the resistance of the memory element 310 by the sensing circuit 400. Since
significant current can flow in a resistive memory array when sensing the value of the

memory element, a continuous power draw on the memory array will require a relatively

large current draw from a power source.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides a method and apparatus for reducing the
size of a power source required for a resistive memory array and provides a simplified
and reliable method for sensing the resistance of a resistive memory cell of the array. A

voltage sensing circuit is utilized, wherein a resistance to be sensed is configured in a



and reliable nmethod for sensing the resistance of a
resistive nenory cell of the array. A voltage sensing
w@Res9i463 s utilized, wherein a resistance to PET/ESV8€M8404

is configured in a 3 WO 2004/ 095463 PCT/ US2004/ 008404
vol tage divider, formed by the resistance of the
sensed cell and the sneak path resistance of
non-sel ected cells. A known voltage is applied acr oss

Volfa & dRELRes Y bl Ble ARMtaRACe LERIH dchih ¥l cjtrﬁ:gﬁledsrg?& Fath resistance

ross the sensed resistance Is detected at a

of the a . .According to the invention, .the lied

of RRg- feﬂgféeq'i gells (A RO valiies SAmplied Aeipso i qliazg TRl e a
and the resulting bit line voltage is stored for

resydtiog eetagg dohyr aargssaht sendedrepsgnndean denfctacha: a biadine of the array.
cycle. By limting the time interval during which the

Acc%?@ﬂn%eecg Ui RGOS th@;g[;ﬂli\éa'voﬁg s th§§ f'cﬁacgﬂ?? & {1?111 %ﬁ a read

nmory device’ | rgni f |ca reduce

orgoing and o [ tures of e invention wll
cyclscribbe deRitng btilf%‘fo 186 %tﬂréfdofléf Br s oe Suringed fyrther portion
preferred enbodi nents of the invention given below
of the trbad gfcr. eBy Entitng ke Horednpavatidugingrvalichghe apgiiddoltage is
DESCRI PTI ON OF THE DRAW NGS [0011] FIG 1 illustrates
actide! YR G&issiiont WihRARE dn SRBRS arev‘fc%' i SRR ARYnd ﬁ&m&ang
I stance 'sensing circuits; [0012] ustrates
a portlon of a typical reS|stor-based menory cel
array including a sensing circuit and sneak
[0016§i st alteeforgOidkIndrdtBer Batdrksisf thatigsertigre®ilEbédddne more
menory array with voltage sensing constructed in

appaten?h ?ﬁ] ‘El?e Whiafled dgg&lﬁhoﬁ)%méf@f%d SHRRURRAL & eht Rfvention given

I nven

below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a typical resistor-based memory cell array, including

resistance sensing circuits;

[0012] FIG. 2 illustrates a portion of a typical resistor-based memory cell array

including a sensing circuit and sneak resistance;

[0013] FIG. 3 illustrates a resistive memory array with voltage sensing constructed

in accordance with a first exemplary embodiment of the invention;

[0014] FIG. 4 illustrates a current path along a bitline;



[0014] FIG 4 illustrates a current path along a
bitline; 4 WO 2004/095463 PCT/ US2004/ 008404 [0015]
WO-R@@B4/0%5463 | ustrat es an exenpl ary vol t age sensi PQI/US2004/008404
circuit in accordance with the first enbodi nent of
the invention; [0016] FIG 6 illustrates a sanpl ed
time period wherein voltage is applied at a resistive
menory array node; [0017] FIG 7 illustrates the
13pUt S I Ehehs L b .
O R A SR e sy e A PP with
inhvention, wherein. the operational anplifier uses
thegﬁmﬁr%lao@mqna&g ¢ BveRiePagi ng a sense operati on.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] The
present invention will be described as set forth in

npl : ' L] ' . - 8. er,
(00388 7E) 316, SIOAER b LLSHL S0 L D01 dePy GhgH e
.made to the disclosed enbodi mrents w thout departing
resIFEIEREIE MY 8odéind scope of the present invention.
[0020] FIG 3 illustrates a voltage sensing circuit
for a resistive nmenory array according to a first

npl Lnent, of the inventjon A nenopry.arra
(00§28 318 PR BA{TET b B Bl Spaff FRBHESS b
l[ines (or "bit" lines) 433 and row lines 434. a row
decoder 423 is shown and operates to select one of the

foonsy | i mae. 4 thsadttsian@cénd @)?é}'n}[SIQ &hb@&méﬂ?idgi_‘jﬁ%\}éﬂﬂon, wherein

decoder 424 operates to selec ne of the
. ' . . i
the lg!g?lgaitpg?ﬁpol%fﬁfgﬁlasgﬁgmplgg Qfglt:!léers] cs>r gvrégagqgglg lé{rggnsel (g]pec%atlaorne.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention will be described as set forth in exemplary
-embodiments illustrated in FIGS. 3-8. Other embodiments may be realized and other
changes may be made to the disclosed embodiments without departing from the spirit

and scope of the present invention.

[0020] FIG. 3 illustrates a voltage sensing circuit for a resistive memory array
according to a first exemplary embodiment of the invention. A memory array 450 is
illustrated, wherein the array 450 has column lines (or “bit” lines) 433 and row lines
434. arow decoder 423 is shown and operates to éclcct one of the row lines 434
during a read operation, while column decoder 424 operates to select one of the

column lines 433 for readout. Word lines and column lines are selected through the



5 WD 2004/ 095463 PCT/ US2004/ 008404 application of a
sense voltage (VA) to a selected line. Typically, al

wo owioed4edm |lines w il be set to ground, and BCT/US2004/008404
sel ected row wi |l have voltage VA applied to it.
[0021] Each nenory cell 430 has two possible
resi stance states, one of which corresponds to a
| ogic value "0' and the other of which corresponds to

appﬁc;ltﬁgi. %ﬁ Y &g Véljca%e d(\@g o YRAM 8l 1L, 'Eﬂﬁ;/c%@? glg %@\g}; Eolumn lines

state a sel ect nory cell 430

.appl ying magnpetic fields to t sel ected_nenory cell
will Hegsehih HEqnh aaéiarﬁ@iqcmfﬁrqvgwwgﬁwe @&ﬁq{wngﬂeg &P {t-and
will not be repeated herein. FIG 4 illustrates an
equi val ent resistance 302 which represents the

e ) A | .

100385 e S0 25) BRTORPhASHA RS} b EATER Wi
path to ground. The value of resistance 302 is nuch

cornesRaNGsHErR gk Yodig <Y and dhepthcsed sehigle Forrgppngds te pdogic value 1.7

remai ning cells connect to the selected columm (bit)

For| MR\ Mreells, thp a¢sisrarede stdt0 02 sclWred thér@oapedli 430 SEMASBe set by
voltage VA is inpressed upon row |ine 305, a

[ . n travel sya el ected.row. .

e A e ey
into a first end of resistance 302, which is coupled

knogn iy the eshancbwill net byrepsaed hereias HIG. dillsptrates ae cquivalent
voltage VBL is then inpressed on node "A, " which is

resist@NAE302 whixdi RepreshSithe radlivanslue @Fidsé 06nIBRctedetid@R elements
VBL i s subsequently sensed. Assuming in the exanple

t, t [ - ' f nor. [l 3014s
coublifyo' e (AL AR Nipk FERRLAERS Rn BRI s BronllicTh gt of
s 8k a sense voltage (VA) of approximately 500 nV
fCSI%‘Eﬂedg (2esunuch hssaﬂaa@rtgé resistreagtof semyedotell 30dr xthguempiping cells
0.5 Ain the bit line.
connect to the selected column (bit) line are in parallel.

[0022] When the applied sense voltage V, is impressed upon row line 305, a
resulting sense current I, travels along selected row line 305 through resistive memory
element 301 and into a first end of resistance 302, which is coupled at a second end to
ground. A rcsglting bit line voltage Vy, is then impressed on node “A,” which is
common to both resistor 301 and resistor 302. Voltage Vy; is subsequently sensed.
Assuming in the example that the equivalent resistance of memory cell 301 is 1MQ, and
the equivalent resistance of resistance 302 is 8kQ2, a sense voltage (V) of approximately
500 mV would result in a sense current (1) of approximately 0.5 pA in the bit line.

Thus, an array containing, for example, 2,000 columns could have a total current draw

of 1 mA (2,000 x 0.5 pA). For 1,000 arrays active at the same time, the total chip

6



Thus, an array containing, for exanple, 2,000 col ums

could have a total current draw of 1 mA (2,000 x 0.5
Wa\R0o4Pes463d, 000 arrays active at the sane time, PCTES2004/008404

total chip 6 WD 2004/ 095463 PCT/ US2004/ 008404 current

could reach 1 Amp (1,000 x 1mA), which is a

considerable current draw for an integrated circuit

device [0023] Referring back to FIG 3, the

ustr odi 0 ent i
curlgih SRR, FEREP R ? L] b Rl Flrop traw for an
Each sanple and- hoId circuit 425 contains a
integeaip@ €irkuib dsvice.ch 405 ... 409 provided in series with
a respective colum (bit) line 433. The switches are
typically inplenented as transistors. In addition, a

(0085 bt e RebPigdebdRf G £ M0 a7 SRPRIGE B Aithe invention

Eotentlal The capacitors 415-419 may be discreet
furtbenpurteins 9, ploralitynef/sasipdo-ahé-helg sirasis 425 .c Epdc samaple endfhold
a respective sense anplifier 410 ... 414 which is

circRR 4D 580 Raifd Hpés‘f)e@lﬁ‘ﬁ KAt 4o cu '4:@9 ‘b%éwd@& i scﬁﬁirs Qﬁﬂi h Gespective
capaC|tance of a respectlve bi't "T'i ne [ 0024]
the c acitors 41

coliuhh Phirb n? 435 i Sl BEC BRI BupliEn %qtr%mrae?n

across each capacitor 415 ... 419. This can be done
addisipn, erplerality dfcaphatimd 1ol afe respecevily chepledMstween each bit line
409 and applying a pre-charge voltage to each bit

433l dodiea Sibhn (§t%f1t1£lh efli@é%\%ﬁéﬂ:&% 9141819 maybbHi&rbet ¢ components, or
pre char ge tches 405 ... 409 are opene

guent | ur|n ead o eration, C
BN CaPﬁ"étagﬁF oh8 EspR PP DB R by 414 Which s
sel ected colum line is sanpl ed by
part of a sample and hold circuit 425, or a parasitic capacitance of a respective bit line

433.

[0024] Prior to starting a read operation, the capacitors 415 ... 419 are
equilibrated by applying a known voltage across each capacitor 415 ... 419. This can be
done by temporarily closing each of the switches 405 ... 409 and applying a pre-charge
voltage to each bit line 433. After the capacitors 415 ... 419 are pre-charged, all
switches 405 ... 409 are opened. Subsequently, during a read operation, a selected row
line is set to the voltage V, and the voltage of a selected column line is sampled by
closing a respective one of switches 405 ... 409 and storing the sampled voltage on a
respective capacitor 415 ... 419. The output of each capacitor 415 ... 419 is also
coupled to a respective sense amplifier 410-414. Thus the voltage stored on a capacitor

is available at an input to its respective sense amplifier during the sense operation.

7



closing a respective one of switches 405 ... 409 and
storing the sanpled voltage on a respective capacitor
Wd 14/095463119. The out put of each capacitor 415PCT/US2029008404
is also coupled to a respective sense anplifier
410-414. Thus the voltage stored on a capacitor is
avai l able at an input to its respective sense
anplifier during the sense operation. 7 WO 2004/ 095463
/ US . 4 0 : ' .
(00250 val ongudh FLRf0. PSRt HED Ads aisianly, dbwing the sample
and hold circuit 425 coupled to a portion of the
andclpld mrepitife ogouplediae P@EFI%%&‘;F pmn linepfi4 sglqcyed memory cell.
switch 405 is open during the beginning of a
Initighdsercis £0F ipepirodurihg thabegiohingyst aigad Zsehsingl peeidd when a
a selected row, depicted as T1 in FIG 6. At a
- j iR pear Tl SW 4 -
volfiEE VL SERRAES so b FReBELCR Rk R T, BRIk P o Hi i mined
capacitar 415 is charged by the bit |ine sense
timg @Igflaé aftepd’; coytghet QR glﬁswrféﬁﬂ shest pegiodt heanchhisni gpgns, at which
time period T2 is .a fraction of the read/ sensing
poinecdpaditdil4 1 Dicehargdtbbgett bit tihe tdiBeRbltagd.nAs ¢oh bagesn from FIG.
the capacitor then discharges the sanpl ed sense
I ' 0:.0 S LE L :
6, G r A0 Pl PUloP Y ) RS HVRE (B kL psfide 70 Onee
term nal 601 of s?nse anplifier 410. -Assum ng that_ a
chaggnewithithe Bit laeregliage, thierapysdtor saerrdischarges thyssampled sense
sanpling the voltage sense for a period of 100ns would
voltagé ye énpures Qovthefsease Aanpléfer @0l eRiefosenappbRrgd81 @ lsyinput into
99% It is understood that the <circuit and net hod

. 1 C . .
e L AEUEST YT SRR, TG Al EYFhSfion ssing
. line, and the rowline is read/sensed. [0026] An
time perpd dnyasnibBus, sempling theveltaggmpnicfosr petiod; ef 100ns would
illustrated in FIG 7.

reduce the power from array current by approximately 99%. It is understood that the
circuit and method discussed above is equally applicable to a reverse situation, where a

voltage is applied to a column line, and the row line is read /sensed.

[0026] An exemplary embodiment of sense amplifier 410 is illustrated in FIG. 7.
Sense amplifier 410 has a first input line 600 for receiving the sampled sense voltage
measured across a resistor 301 (FIG. 4) of a selected resistor based memory cell 440
(FIG. 3). The first input line 600 may also be referred to as a “Digit” line. Sense
amplifier 410 also has a second input line 601 for receiving a reference voltage. The
second input line 601 may be referred to as “Digit*.” Sense amplifier 410 also has two

output lines I/O 602 and I/O* 603. The output lines I/O 602 and 1/0* 603



Sense amplifier 410 has a first input |line 600 for

recei ving the sanpl ed sense voltage neasured across a
wo e@id93363 301 (FIG 4) of a sel ected resistor PeEE82004/008404

menory cell 440 (FIG 3). The first input |line 600

may al so be referred to as a "Digit" |line. Sense

anplifier 410 al so has a second input |ine 601 for

receiving a reference voltage. The second input |ine

"N it iLfi c
profify SPHPIOREAGHFBLARN AeRdint 8 Whsthg3mE RoMIRy ohisf Disic input
. The oytput lines I/0O 602 and 1/0* 603 8 WD 2004/ 095463
linerszé) wgag)l@‘zwdswsathq@rfgwg 18HAPItBEdHBHT juR R Q0L
dependi ng on whet her the voltage on the Digit input
l'ine 600 is higher or |lower than the voltage on the

gl t* ' 0 0 The. sanple- and- hol d
10027 i (5Hbg B dRYe chEVE Lo KIS EN BaPln PR P ufured for wse
.Wth an averaging sense anplifier. An exanple of such
witle pp @UeRERS senr BUPHERS- (4N eXpEnple efveeEl Giranty dnerpvided in the
co-pending U S. Patent Application No. 10/147, 668,

conimbgly-d¥kigned Geo-gOikEng aANg. Bafeht Neglit¥onENBESD STANE6S, filed May
SVMALL SIGNAL SENSING CIRCUT F A MEMORY DEVI CE,

oh e . ] |

16,07y 14 e 81 RO R EEE AP ML E SEOR, SREING R
circuit which_can_be used in accordance with the

FOR 4 MBMPRYAEVIRE, whdch isiineqrparased beiein hy referanget 900
i ncludes an integrator stage 906, a sw tching current
source 920, and a clocked conparator 918. As will be

| ai ion.more detail hel ow, an output sjgnal UP. .

[00F8F" * Ry SO IR oS 3 g din Pt p oS Pling? | e gt which can

an UP/ DOM counting circuit shown in FIG 8 and is
be wp¢drimgeeprdume withéh¢ presoit invergiam The dlusimeed deasidgtcircuit 900

state stored ‘
includes an integrator stage 906, a switching current source 920, and a clocked
comparator 918. As will be explained in more detail below, an output signal UP (or
DOWN) of the sensing circuit 900 is provided to an UP/DOWN counting circuit
shown in FIG. 8 and is averaged over a period of time to determine the data state stored
in a resistive memory cell 901. The average value calculated is indicative of the data
state of the memory cell. Thus, the sensing circuit 900 outputs a stream of
UP/DOWN pulses resulting from the cyclical charging and discharging of capacitors
912, 911. The ratio of logic "1" bits (or alternatively, logic "0" bits) to a total number
of bits yields a numerical value that corresponds to an average current through a
memory cell, such as resistive memory cell 901, in response to an applied voltage. The

average current, in turn, is used to determine the logic state of the data stored by the

resistive memory cell 901. Circuitry for performing the averaging operation of the pulse

9



in aresistive nmenory cell 901. The average val ue
calculated is indicative of the data state of the
woreom09s46el | . Thus, the sensing circuit 900 ouP@ELIUS2084/008404
stream of UP/ DOMWN pul ses resulting fromthe cyclica
chargi ng and di scharging of capacitors 912, 911. The
ratio of logic "1" bits (or alternatively, logic "0O"
bits) to a total nunmber of bits yields a nunerica
t rr : r .
st Bl Bl ERREE UReliP 900 1B BLFREC U by HASHNAN i grear
response to an applied voltage. The average current
detgihin Qpdsr to aveld psewringe they JRSAAP PR Of Hif RresanitlBVETtion, ¢l more
data stored by the resistive menory cell 901. '
detdiledatsiptanytiboof pemk @ifithe gechhiyay esed imgusgaratiagih®for memory
the pul se 9 WD 2004/ 095463 PCT/ US2004/ 008404 stream
' . ' ' ' 0 nat o
cell AL BBy gl PRESO R lenetl Do BB AR U §hedit Whblication
0 ' the description of the present invention. A
Nor 88 554,807 Hled Aottt FaH o sHaUE STy MEMOTEELEMENT
used in current averaging for nmenory cell sensing is
SENSINGAESIING AVERACHING| whidsis ginegpoteedpbadimby kefSence.
Patent Application No. 09/938,617, filed August 27,
2001, entitled RESI STIVE MEMORY ELEMENT SENSI NG USI NG
AVERAG NG, which is incorporated herein by reference.
[0029b29] Theeonrsrtian phthesenting cirenisORG is hpwidascidoal genanally with
descri bed generally with respect to FIG 8. The

respeeStSFERCE. ThéEtdsistiinct MR e Vfthé YRisHREPIAMES! dell DY ik $neasured as
neasured as an input voltage relative to ground. In

. ' [ |l selected row line, o rd ..
an ipFENEheR B to Bttty SR by 600 Rlecsiidhitoe, or
to the resistive divider 901,902. Al other wordlines
worddineH@VhpRbP ys antivatedand yyeltagsdd, is applidd tstheatesistivendivider
FI G
901,902. All other wordlines in the memory array are grounded. As illustrated in FIG.
9, the voltage level of the selected WL 910 is dropped over the cell resistance 901 and a

"sneak" resistance 903 that represents the resistance of the other resistive memory cells

of the bit line.

[0030] Node 902 is connected to a first switch 909, which is coupled to the
positive terminal of differential amplifier 905, and is further coupled to capacitor.921.
Switch 908 is coupled to the negative terminal of differential amplifier 905, and further
to capacitor 922 as shown in FIG. 8. Switches 909 and 908 close and open during the
sample time period T, following the initiation of a read/sense operation at T1 (as
described above with respect to FIGS. 5 and 6), to transfer the charge from node 902

to capacitor 921. The voltage on capacitor 921 is sensed at the positive terminal of

10



9, the voltage level of the selected W. 910 i s dropped
over the cell resistance 901 and a "sneak" resistance
wOB4bIt3 represent s the resi stance of the ot hBET/US2004/008404
resistive nenory cells of the bit [ine. [0030] Node

902 is connected to a first switch 909, which is
coupled to the positive termnal of differential
anplifier 905, and is further coupled to

io0r . teh s ' t ' .
mQERSOEOSARY 20 UAED P0G FOUER, bBhiS ARARLLNEime a
.to capacitor 922 as sho in FIG 8. Sw tches 909 .
SWI@E&? (ﬁﬂo‘i?s%‘gf%?ﬁ avE Hgm56%3¥ MY begrasaites 5@@3@@' 3@3 during a

following the initiation of a read/sense operation at

samplingaeriode Sidve wdthgahppkediid Hiffeespad iniphified B8 chusanthe amplifier
6), to transfer the charge from node 902 to capacitor

90591%13_u1p; Pl %ty ﬁ@g@%& S c%%% 315@ ol SEeAt frbRethe other

posi e termna

PCT/{.US2004/,008404 _anplifigr 905. Switch 908, whjch is
no oﬁ“ﬁ@r ’Ecbﬂ’g“'r‘%a%‘?lbeggﬁ‘%tégs%ﬁs [FPO¥ P R itgEs 921, 922 may be
switch 909 to of fset switching noise that may be
discretamenipanedts, or amylbef thepagBFickaphcitan@e of alnpliffegential amplifier or
period. The voltage applied to differential anplifier

inp A0 & ABRESEN ehGER]. | Filyfher }g% sﬁt}ﬁ);ﬁlg tcﬁpﬁcﬁted?% ﬁ% P, 922 are also

either node 914 or 913, an C rom
ot her ode. Simlar to the first enbodi nent di scussed
brouglhy o a kpeve 3glase BHQT ©3 SenghE oRpgatien tqjelimingte the residual charge

conponents, or may be the parasitic capacitance of the
thatdinfy exietnini the capgeiitofi.er or i nput |ines connected
thereto. Furthernore, the sanpling capacitors 921, 922
are also brought to a known voltage prior to a
sensing operation to elimnate the residual charge

[003hkt adept, thy cappsiter pak} PoP42) coupled to the node to which the

differential amplifier 905 is supplying a current will be charged, increasing the voltage of
the node. Conversely, the capacitor coupled to the node from which the differential
amplifier 905 is arawing current will be diséharged, decreasing the voltage of that node.
A clocked comparator 917 senses the relative voltages of the nodes 914, 913 in response
to a clock signal COMP_éLI( and generates a corresponding output signal UP. The
clocked comparator 917 also generates a complementary output signal DOWN. As
illustrated in FIG. 8, an inverter 919 is coupled to the output of the clocked comparator
917 to generate the DOWN signal. However, it will be appreciated that the clocked
comparator 917 is provided by way of example, and a clocked comparator suitable for
use with the present invention can be implemented in many different ways other than

that shown in FIG. 8.
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[0031] As a result, the capacitor (911 or 912) coupl ed
to the node to which the differential anplifier 905

WO 300g/0p53byi ng a current will be charged, i ncrenST/N§0DH@8404
vol tage of the node. Conversely, the capacitor
coupled to the node fromwhich the differentia
anplifier 905 is drawing current wll be discharged,
decreasing the voltage of that node. A clocked

(00532 PO Ll SRS, PR Pl freppsoue

and generates a corresEonding out put signal UP. The
920chayingd et epaicat spuroa 710186 agsrendregent wowpt 8henEasly of the
out put signal DOM. As illustrated in FIG 8, an

curteRy 86ireés FIE 915 SaLd Betwicen b gocdupléd & tHeh®odds ¥aked1 3 based

conparator 917 to generate the si gnal . However,

Wt will -be reci t.hat, the clocked, conparator .
on ek og P, PACHFE LR blRle 15 e S e RERRL R B o161
conparator suitable for wuse with the present i
coupledentthe modar? Ie profliagentisat to pasidycldichawgedhe copagifor 912, and
other than that shown in FIG 8. 11 WD 2004/ 095463

the Barte SR04 908 40bupl d0@2dhe TRl Ao REMY &irghia! s mEstively
provided to the swtching current source 920 having a

I 1 oyr second. current sourc
chaigeeht cGRICHEPOLTS i fe Pife Mo R AT RE S iEE B 63RO Bfled o the
bet ween being coupled to the nodes 914, 913 based on
node 9d 35 peédiag quikengpo pasitipdmhaiggribe sapacifop A 1sard the current

the current source 916 is coupled to the node 914,

soufRe OMistk Reusled 6 the hodO93 4! bMRANNnE RaF@At E(f‘ﬁeé%ﬂﬁ'@ | dh@fge the
912, and ?he current sour%e 915gis coupled to ?Le 5

copdtfiE ot CRRIL AR R AR R Rl IO tahri RGeS e

916 is coupled to the )
coupling of the current sources 916, 915 will switch as well.

[0033] For example, as illustrated in FIG. 8, the UP and DOWN signals are LOW
and HIGH], respectively, causing the current source 916 to be coupled to the node 914
and the current source to be coupled to the node 913. Upon the next rising edge of
the COMP_CLXK signal, the voltages of the nodes 914, 913 are sensed by the clocked
comparator 917. The voltages at the nodes 914, 913 are represented by signals
INTOUTP and INTOUTM, respectively. Where the coupling of the current sources 916,
915 are such that the current provided to the capacitors 912, 911 over the period of the
COMP_CLK signal causes the voltages of the nodes 914, 913 to change from the
previous rising edge of the COMP_PLK signal, the output of the clockf:d comparator 917
changes logic states. This in turn causes the coupling of the current sources 916, 915 to

switch nodes as well. It will be appreciated that the coupling of the current sources

12



node 913, providing current to positively charge the
capacitor 911, and the current source 915 is coupled
WO eootlogs4nde 914, providing current to negati VRCT/US2004/008404
charge the capacitor 912. Consequently, when the UP
and DOM signals switch states, the coupling of the
current sources 916, 915 will switch as well. [0033]
For exanple, as illustrated in FIG 8, the UP and DOWN
| o J | .
16 R Lk AR L Mt SRS YL (TR ek Ry amplifie
he current urce to b oupl ed to the node 913. Upon
9051 R tﬁ@ CRPR{&O8 51, %cfausgw vgltgag of thegespective node
vol tages of the nodes 914, 913 are sensed by the

914 |998kebe greayarhimthOdiangd e vold geagesediby tie cnodiesource over one
914, 913 are represented by signals |INTOQUTP and

perfoWMMCéﬁ?B@ﬁ£ é%glﬂy H&s Bp&rg,qgﬁ%g{)éﬁg spaftcsI (l)qlﬁthe UP and

current sources are suc the current

i.deq to.the capacitors 912, 911 ovyer the period of
D Slgﬁipj@i‘_%a%’i I Present Igie Fates o hEgcauss thRgveagiest the
914, 913 to change fromthe previous rising edge of
outphesigNfOfRh& saisgrptirctih@0@ud phvingef t he cl ocked
conparator 917 changes logic states. This in turn

causes the coupling of the current sources 916, 915 to
switch nodes as well. It will be appreciated that the

[00861ipl i Aot illhetratgs pe gxemplartpiocesingrysEou 1306 adach utilizes a
PCT/ US2004/ 008404 916, 915 will continue to switch

redtiddd powdieseasihpeffcuitsauth a6 dobyxablifte dihtfcateitideddribed in connection
anplifier 905 to either one of the capacitors 912,

. e val f respective node 914
wiel FRE R T Bk ER-fim 2RARGAERR o RE T aiiesrom, 1201
the current source over one period of the COWP_CLK
coupleghiala logpldpins b Q. o anemory ¢pntraligr d 262 ands: pimahebugrbridge 1203
and
are also coupled the local bus 1204. The processing system 1200 may include multiple
memory controllers 1202 and/or multiple primary bus bridges 1203. The memory
controller 1202 and the primary bus bridge 1203 may be integrated as a single device

1206.

[0035] The memory controller 1202 is also coupled to one or more memory buses
1207. Each memory bus accepts memory components 1208. The memory
components 1208 may be a memory card or a memory module. The memory
components 1208 may include one or more additional devices 1209. For example, in a
SIMM or DIMM, the additional device 1209 might be a configuration memory, such as
a serial presence detect (SPD) memory. The memory controller 1202 may also be

coupled to a cache memory 1205. The cache memory 1205 may be the only cache
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DOM signals maintain their present |ogic states,

whi ch causes the average of the output signal of the
wa@emngiopgexi rcuit 900 to change. [0034] FI G 9 PCT/US2004/008404

illustrates an exenplary processing system 1200 whi ch

utilizes a reduced power sensing circuit such as, for

exanple, the circuit described in connection wth

FI Gs. 3-8. The processing system 1200 i ncl udes one or

. . C . u

e D S P, e S R e By 3 Mgl procesors

are al so . cqupled the | ocal Qhus 120 The pyocessi .
120}, e AlSq serdisle Ao AP EmEHRR PYHEH 10y RHB R/ hh KSR BY with cache

1202 and/or nultiple primary bus bridges 1203. The
memerpi Y05 .c bithegirbetssihg3Pstamdl 2 (einphidegyeyiphemlboi dygerollers which

1203 may be integrated as a single device 1206.

are [899 Ambteld6r Mr%yﬁgm difdct ﬁ{er&&g?ac.t%s m&%&g Lr’ﬁéinlz)ﬂf controller

ne or nore nenor uses 1207. "Eac

ts 1208. Th t .
12035581 tapleite 78 rroR S0P REYGHEO P s PerBEIOE) gD 1202 i

menory conponents 1208 may i ncl ude one or nore :
couplidi toi oplakalide vt cesndZ(isedb2 078 antp hesmory us IA0Mnay be operate
DIMM the additional device 1209 m ght be a

: | QU adcl i~alg:
i SEEPELOH 4, O SRR BHeBe Rl SRRy b 1207
al so be coupled to a cache nenory 1205. The cache

menory 1205 may be the only cache 13 WO 2004/ 095463
[00BET/ USZAHMB 084 8us b‘ﬂﬁc?h’ 1203istddepldaoes deRgosy peapheral bus

Al ternatively, other devices, for exanple, processors

| 12 1%2}%%@%%%&?%&{,3%\%?% %gﬁ@%%gls TR TRA Rl BB Bﬂdg@symg}p Bg]cgupled to
the peripheral bus 1210. These devices may include a storage controller 1211, a
miscellaneous 1/0 device 1214, a secondary bus bridge 1215, a multimedia processor
1218, and a legacy device interface 1220. The primary bus bridge 1203 may also be
coupled to one or more special purpose high speed ports 1222. In a personal

computer, for example, the special purpose port might be the Accelerated Graphics Port

(AGP), used to couple a high performance video card to the processing system 1200.

[0037] The storage controller 1211 couples one or more storage devices 1213, via
a storage bus 1212, to the peripheral bus 1210. For example, the storage controller
1211 may be a SCSI controller and storage devices 1213 may be SCSI discs. The I/0O
device 1214 may be any sort of peripheral. For example, the I/O device 1214 may be
an local area network interface, such as an Ethernet card. The secondary bus bridge

may be used to interface additional devices via another bus to the processing system.
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menory 1205. |If the processing system 1200 i ncl ude

peripherals or controllers which are bus nasters or
wokioglomepport direct nenory access (DVA), theP@EDBI0Y4/008404

controller 1202 may inplenment a cache coherency

protocol. If the menory controller 1202 is coupled to

a plurality of nenory buses 1207, each nenory bus 1207

may be operated in parallel, or different address

ol 88y RnIOPSg, 4 g Y B geri T conol

e SR DT Sh, PR AL BV S0 18 e

coupled to the peripheral bus 1210. These devi ces nay
protessdrubizl sy dreageowwintard) 4 wded 24pinracard] ecehy atieotgpe of media
I/ O device 1214, a secondary bus bridge 1215, a

[ irC
T AR LSRS0S e 120
ed to.on nor e, Speci se hi h spee
Thﬁplggﬁ &g injifand §200 dhged teocr?a@?felﬁga SVISESTHF EXAPRl, older
speci al purpose port mght be the Accel erated G aphics

stylgdkeyboartaRind msed to cheprguksing dysgm p200.or nance vi deo
card to the processing system 1200. [0037] The
storage controller 1211 couples one or nnrehstorage
ices, 1213, via a storage bus 1212, to the
[00%§ i phil?hﬁ PfS&%SS&lglsﬁstCmoﬁQe(i divstratedind'I6t. G iggaly an exemplary
controller 1211 may be a SCSI controller and storage
prodssing egstdid hithrahitle t1sGEveti@r mhay Beaistd OWEiIRY FI@. 4 Ahdtrates a
may be any sort of peripheral. For exanple the I/0

. k. interface
prod SRS a5 L R Oy B8
may. be used to interface addltlonal deV|ces Vi a
Persoiak ¢URPHSE Of 8 WerkstaHieRcis showd hrseepgnized Upt well known
2004/ 095463 PCT/ US2004/ 008404

modifications can be made to configure the processing system 1200 to become more
suitable for use in a variety of applications. For example, many electronic devices which
require processing may be implemented using a simpler architecture which relies on a
CPU 1201 coupled to memory components 1208 and/or memory devices 1209. The
modifications may include, for example, elimination of unnecessary components,

addition of specialized devices or circuits, and/or integration of a plurality of devices.

[0039] While the invention has been described in detail in connection with
preferred embodiments known at the time, it should be readily understood that the
invention is not limited to the disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substitutions or

equivalent arrangements not heretofore described, but which are commensurate with
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For exanple, the secondary bus bridge may be an
uni versal serial port (USB) controller used to couple
wO3B4tessbres 1217 via to the processing syst enPQR082004/008404
The multimedia processor 1218 may be a sound card, a
vi deo capture card, or any other type of nedia
interface, which may al so be coupled to one additiona
devi ce such as speakers 1219. The | egacy device
the 'sgﬁri% h8GEoP28PrHeSnSRbrl OF&O&BE‘[;)IJ: SOBOY HeHE $8RntibA has been
exanpl e, der styled keyboar and n1ge, to the

des GG PG ORb L MHCAN it GV DeHEY (U xRy otve statc of
processing systemw th which the invention may be

othesedistithbhsedEhénosy ¢dllsustinders ia angvotegs saging system in which
architecture especially suitable for a general purpose

oSSR pUBNEAie, 1 RSN YEUULE s 8y, e

nodi fications can be made to configure the prqcessir _
CapYEPE T RDHG T B OEtEC bRt s e s ef srpoditients, it
vari ety of applications. For exanple, many el ectronic
shodeMbcgpantritahat diffguinterajues ceydiengeday ther phyt evidrue deviating
using a sinpler architecture which relies on a CPU

fromt 20 sEPERIRH e R FRITA S IGRITRRARY tﬁcc%g&%ﬁ@)? Sléiééfnvf@g{rfgﬁ ¥s not limited

devi ces 1209. The nodifications may I
X l e, elimn.nation of unnecessary co, ents,
by (8 AP ReEOINEACCBRP S OF £EEHED R 4o SRV TR DK e apeyof the
integration of a plurality of devices. [0039] Wile
apptided daienst i on has been described in detail in
connection with preferred enbodi mrents known at the
time, it should be readily understood that the
invention is not limted to the disclosed enbodi nents.
Rat her, the invention can be nodified to incorporate
any nunber of variations, alterations, substitutions
or equival ent arrangenents not heretofore described,
but which are comensurate with
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15 WO 2004/ 095463 PCT/ US2004/ 008404 the spirit and
scope of the invention. For exanple, although the

w0 noogpidsen has been described in the context PET/NRAN/008404
it may be used for sensing the resistive state of
ot her resistive-based nenory cells and indeed in any
vol tage sensing systemin which power consunption
critical. In addition, while specific val ues of
current, voltage capacit tggggg resi stance have been
used to describe the ill ust enbodi nents, it
shoul d be apparent that different values nay be used
I N Whet i cRiAE8 aWhERQd diRirtdtd BE profceibd BELe&ORPaRnt of the
t he descri bed enbodi nents. Accoré1ng|y, t'he i nvention

United Autteslis:ni ted by the foregoi ng description or
drawi ngs, but is only [imted by the scope of the
appended clains. 16 WO 2004/ 095463 PCT/ US2004/ 008404
CLAI M. \W &édnsirfy iparaad f@sresioiveamemdes célRdcd@phising:
protected by Letters Patent of the United States is:
1. A sensing apparatus for resistive nenory cells,
CONPI .Sk VE s es st i ry c each
cor Sy e B FhE RN Lol "B el RN, £ Bnd oo

. for selectively coupling at |east one of a row and

bit kaf;urm 1 ne associated with a menory cell to a
predeterm ned potential to

a switch circuit for selectively coupling at least one of a row and
column line associated with a memory cell to a predetermined potential to
establish a voltage at a node of a resistive divider which includes the

resistance of a selected cell; and

a sample and hold circuit for sampling said voltage.

2. The apparatus according to claim 1, wherein said switch
circuit opens and closes for a first period of time when a bit line carries a
voltage signal associated with said selected memory cell for a second
period of time, said second period of time being longer than said first

period of time.

3. The apparatus according to claim 2, wherein the switching

circuit comprises a transistor.
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establish a voltage at a node of a resistive divider

whi ch includes the resistance of a selected cell; and
wa@2@anpi4e3 and hold circuit for sanpling said vBCT/E§EN4/008404

2. The apparatus according to claim11, wherein said

switch circuit opens and closes for a first period of

time when a bit line carries a voltage signa

associated with said selected nenory cell for a second

peri odg ofh¢ bBaradRladcHAGYNES Asht 99wAkrdih PR Bk
| onger than g%?é fﬁf%t peri od of’??h%. 3. ﬁﬁe e
to claim2, wherein the swtching

._apparatus accordin |

lecé‘?‘f%’&’ill?ﬂsc‘?%ﬁﬁf‘i’%’fé‘? abIE SHEFSt or | 17 WO 2004/ 095463
PCT/ US2004/ 008404 4. The apparatus according to claim
2, wherein the switching circuit conprises a

progr aynrag, | ; '

Gl ai'm 5, o apay aof decatdiol  ARAPSTIHEACHN Slc b8l

the volta t the expiratiaon of t first period of
holgctrguif garifies %@Fﬁﬁ% the expating heiareriodpior ei n

said resistive nenory elenent is a magnetic nenory
timeel | . 7. The apparatus according to claim1, wherein

said sanple and hold circuit further conprises a
capacitive element for holding said

6. The apparatus according to claim 1, wherein said resistive

memory element is a magnetic memory cell.

7. The apparatus according to claim 1, wherein said sample
and hold circuit further comprises a capacitive element for holding said

voltage.

8. The apparatus according to claim 7, wherein the capacitive

element is further coupled to ground.

9. The apparatus according to claim 7, wherein said capacitive

element comprises a discreet capacitor.

10. The apparatus according to claim 7, wherein said

capacitive element comprises a parasitic capacitance of the bit line.
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vol tage. 8. The apparatus according to claim?7,

wherein the capacitive elenent is further coupled to
w@e@doos469. The apparat us accordi ng to cl ai m 7PCTMIS2084/008404

said capacitive elenent conprises a discreet

capacitor. 10. The apparatus according to claim?7,

wherein said capacitive elenent conprises a parasitic

capaci tance of the bit line. 18 WD 2004/ 095463

PCT/ US2004/ 008404 Jr;msm@o@aggaf@ﬂ% BCHAEAINGiHO

claim 8, mhereln d sanpl e Circuit further

a sensi circuit coupled.to, the acitive
sarr Rh K G oot G PSS RO BB 08 OURISH e

wherein said capacitive element is the parasitic
capedpucelesmoe of the sensing circuit. 13. The apparatus
according to claim 10, wherein said sensing circuit
is a sense anplifier, having a first and second i nput,
said capacitive el enment bein cou )l ed to said first
i nput ,1%and a FB¢ éPEﬁﬁ%félS§F‘§ﬁ¥9Ang 19e51 ﬁ‘@ﬁ sbuphewin gidaj d
second i nput. 14. The apparatus according to claim 8,
capudiiveetlandcheis the parasficodapaditaneé o€ Huwdessiagapiepar at or f or
conparing a signal at a first input wth a signal at
a second i nput.

13. The apparatus according to claim 10, wherein said
sensing circuit is a sense amplifier, having a first and second input, said
capacitive element being coupled to said first input, and a reference signal

being coupled to said second input.

14. The apparatus according to claim 8, wherein the
sensing circuit includes a comparator for comparing a signal at a first input

with a signal at a second input.

15. A method for reading a resistive memory,

comprising:
selecting a resistive memory cell;

sampling a voltage signal produced by said selected memory cell,
wherein the sampling occurs over a period of time that is shorter than the

duration of said voltage signal; and
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15. A nethod for reading a resistive nenory,
conprising: selecting a resistive nenory cell
W@ 20plop3aeg3 a vol t age signal produced by said sePE€rUSI04/008404
menory cell, wherein the sanpling occurs over a
period of time that is shorter than the duration of
said voltage signal; and 19 WO 2004/ 095463
PCT/ US2004/ 008404 deternmining a |ogical state

r eFHe%&%ﬂhg% Phbég‘ié%? s{a&?_ifqe?r&@ﬁ&dog y §Ri€sifghte YSda0caRi d

sanpled v met hod "according to claim 15,
mher in th of sanpling conprises transferring a

using,jaf ﬁ%m@FgﬁQﬁa$?on1a bit line coupled to said
selected nmenory cell to a capacitive elenment. 17. The
nmet hod according to claim 15, wherein the act of

det er g ng. arkogifAld St naABRILRCES CORDEN B8 dhe

sanpl e oltage to a referefice vo tag A net hod

for reduci ng power consu tion, mhﬁ& sing a
of sprapliag CORPHEFOEINEIERE /Y %ﬁﬁ‘r&né gm ? BRI Gogpled
vol tage signal transmtted on a bit line, coupled to

to ssidl sdlectneinmeyhoey ealbrd a capreitdierelaaent. vol t age signal is
present over a first tinme period;

17. The method according to claim 15, wherein the act
of determining a logical state comprises comparing the sampled voltage to

a reference voltage.

18. A method for reducing power consumption when

sensing a resistive memory element, comprising:

receiving a voltage signal transmitted on a bit line, coupled to said
memory element, wherein said voltage signal is present over a first time

period;

sampling the voltage signal over a second time period, which is less

than said first time period; and

sensing said sampled voltage to determine a resistance of said

memory element.
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sanpling the voltage signal over a second tinme period,

which is less than said first tine period; and
waengiopgyesai d sanpl ed voltage to determ ne a rECI/ERENQ@S404

of said nenory elenment. 20 WO 2004/ 095463

PCT/ US2004/ 008404 19. The nethod according to claim

18, wherein the act of sanpling over the second tine

period conprises closing and opening a connection

fromtie bit ThaendtBod a8&RinpOtaClkiatl 8 ; whlreid AR Bt hod

according to claim 19, wherein the act” of sanpling

furg.her rises,storin he voltage.signal on a
of saltpaBio S0 MR {e SR BRl el omis A 3G P aneitag o
apparatus, conprising: swtching neans, coupled to a
congieetion fiem g kit Bne to psengieg aigcuitonnect ed to a sel ect ed
resistive nenory el enent; capacitive neans, coupled
bet ween said switching nmeans and said sensing neans,
wher eiy), sai d .switchi ng neans cl oses d opens for a
first “peri odﬁbff o ' a%ﬁ’éﬂmgépcfidint ﬁﬂi Wacreny fieest a
vol tage signal associated with said nenory el enent
of spimpling Sentherccapepriisss| swiring; te vobagdsigaganda pgpdcirileof
time being longer than said first period of tine, and
eleélgr ein said voltage signal is stored in the
capacitive neans; and

21. A memory element sensing apparatus, comprising:

switching means, coupled to a bit line, said bit line being

connected to a selected resistive memory element;

capacitive means, coupled between said switching means and said
sensing means, wherein said switching means closes and opens for a first
period of time, when said bit line carries a voltage signal associated with
said memory element for a second period of time, said second period of
time being longer than said first period of time, and wherein said voltage

signal is stored in the capacitive means; and

sensing means, coupled to said capacitor for sensing the voltage
stored by said capacitor and determining a logical state of said memory

element.
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sensi ng neans, coupled to said capacitor for sensing

the voltage stored by said capacitor and determ ning
w@2loeghies state of said nmenory elenment. 21 VEZT/US2004/008404

2004/ 095463 PCT/ US2004/ 008404 22. The appar at us

according to claim 21, wherein said capacitive nmeans

is a parasitic capacitance. 23. The apparatus

according to claim 21, wherein said sensing neans is

a sensglanpliihggpgﬁﬁum59&3 &ﬁ&%%a%ﬁcgﬁgéﬁﬁsﬁﬁ

claim 23, wherein"said capacitive nmeans ar ges
the stored. voltage signal associated with said nenory

COPFAPY T BRAT 5 2PHRYLE CIMIpIIRSf sai d sense anplifier 25.
The apparatus according to claim 24, wherein a second
I nput of the sense anplifier receives a reference

vol ta i nput fQr. LNg.power in

2 senartig dev ig ppARRREAAL] Qinl 39 EhORIPONE
conprising: a first, _switch, coupled between a first

SCOYOE 1AGES Hot¥EAna™ R F st i nput of a sensing circuit;
a second switch, coupled between a second vol tage node

and a second input of the sensing circuit; a first
capac '54'. ve el BE Q[Bpargt%lg %lcceo(%d}n% ttohc ai];ﬂ ég ,t Wﬁg\f‘eil:l’? Qa’ld and

capacitive means discharges the stored voltage signal associated with said

memory device into a first input of said sense amplifier -

25. The apparatus according to claim 24, wherein a

second input of the sense amplifier receives a reference voltage input.

26. An apparatus for reducing power in a sensing device,

coupled to a memory device, comprising:

a first switch, coupled between a first voltage node and a first input

of a sensing circuit;

a second switch, coupled between a second voltage node and a

second input of the sensing circuit;
a first capacitive element, coupled to the first switch; and

a second capacitive element, coupled to the second switch, wherein

said first and second switches close and open during a sensing operation
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a second capacitive el enent, coupled to the second

switch, wherein said first and second swi tches cl ose
wa@ap@4o0pEn3 duri ng a sensing operation 22 WO 20Pd1/0SHME6®@8404

PCT/ US2004/ 008404 to store a sanpled voltage and a

reference voltage in the first and second capacitive

el ements respectively, and wherein the sensing circuit

senses the sanpled voltages during said sensing

to QP& Biangpled Lltaghendppefe@inds voltagd ial e 285t aMaEde8bAd t he
capacitive elenent is a parasitic capacitance. 28.

Lai wherein the capacitive
cap I EERACR kPl MERRTIR Sl SRR Cehiet e of
claim 26, wherein the sensing circuit is a
samypleq gpleages gluriagsridsseaping perafionappar at us, conpri si ng:
a plurality of row and bit lines arranged in an array,
said row and bit lines being interconnected by

resistjve nme cells at. fhe cross point of each row
and bid/ 1 ne%@xﬁl’%ﬁ%‘fﬁsﬂf Cfﬁfms%ﬂr’t@*?égfl & EAPHHE, d
plurality of sw tches having one end connected to a

elepewtpie etpavasitisi ¢aphtitpceand a second end connected to a
sensing device; a plurality of storage devices, each
of said plurality of storage

28. The apparatus of claim 26, wherein the capacitive

element is a discreet capacitor.

29. The apparatus of claim 26, wherein the sensing

circuit is a differential amplifier.

30. An apparatus, comprising:

a plurality of row and bit lines arranged in an array, said row and
bit lines being interconnected by resistive memory cells at the cross point

of each row and bit line;

a plurality of switches, each of said plurality of switches having one
end connected to a respective bit line, and a second end connected to a

sensing device;

a plurality of storage devices, each of said plurality of storage
devices being connected to a respective node located at the second end of

each switch; and

23



devi ces being connected to a respective node | ocated
at the second end of each switch; and 23 WO
WQo4/08R63163 PCT/ US2004/ 008404 a vol t age sourBET/US2004/008404
wherei n said voltage source applies a voltage al ong at
| east one bit |ine, and across at |east one word |ine,
wherein the switch connected to the at |east one bit
line closes and opens to sanple and store the voltage
ON AvslesReolkMe wieptiagaddViage soe B Ii'cster'&blé%@pl ed
vol tage 1s sensed by the senging dev?ge. 31. The
S rding to claim30, wherein the .storage
alofRBPICRL heASERRE, I o B o Rne YBR Fhe Wittt
.according to claim 30, wherein the storage devices
switghecanmecisdrtadhe it leastpaitd biatioe clses tied opensi togadplé ce.
33. The apparatus according to claim 30, wherein the
andsérofeadie Vb€ 68 adfefpdchife P ddviceS aRREH RRE Garlbleline
bit Iine. 34. The apparatus according to clai m 30,
‘ (F=Y ensi.n evice is a sense anplifier
VOlﬁ\%’ggfsnggﬂgé¢i§¥ st° Saenlam%e%gf?&- i nput, said first input
bei ng coupled to the second end of the switch, and
said second end being coupled to a reference voltage

source3].35. ATREhpOHatuS APRrH/IND cIZRPRYI ?ﬁef&iﬁ( N
voltage to at | east one of a urality of bit [1nes;
storage devices are discreet capacitors.
32. The apparatus according to claim 30, wherein the
storage devices are the parasitic capacitance of the sensing device.
33. The apparatus according to claim 30, wherein the
storage devices are the parasitic capacitance of the bit line.
34. The apparatus according to claim 30, wherein the

sensing device is a sense amplifier having a first and second input, said first
input being coupled to the second end of the switch, and said second end

being coupled to a reference voltage source.

35. A method, comprising:

applying a known voltage to at least one of a plurality of bit lines;
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24 WD 2004/ 095463 PCT/ US2004/ 008404 appl yi ng a known
voltage to at |east one of a plurality of row lines,

W@ a00d/093368 and bit |ines being interconnected bRCT/US2004/008404
resistive nmenory cells at the cross point of each row
and bit line; sanpling the voltage on the bit |ine;
and sensing the sanpled voltage. 36. ' A processing
system conprising: a processing unit; a sensing
appappafitg aflarowresbledgewe Tt yne 6F b pLEANR! Folvdirks] d
processing unit, said sensing apparatus conprising: an
: : I.SLi Ve each cell coupled to

s Un@ bif B Y PERBAGER! b o il @ el
coupling at |east one of a row and colum |ine

the £5Q% PIoHiteRf GAER How anerkit lingiel | to a predet er ni ned
potential to establish a voltage at a node of a
resistive divider which includes the resistance of a

selsanipidg thelvbltagthdn @hs bitpine; andl hol d circuit for
sanpling said voltage. 25 WD 2004/095463
PCT/ US2004/ 008404

sensing the sampled voltage.

36." A processing system, comprising:
a processing unit;

a sensing apparatus for resistive memory cells coupled to said

processing unit, said sensing apparatus comprising:

an array of resistive memory cells, each cell coupled

to a row and bit line;

a switch circuit for selectively coupling at least one of
a row and column line associated with a memory cell to a
predetermined potential to establish a voltage at a node of a
resistive divider which includes the resistance of a selected

cell; and

a sample and hold circuit for sampling said voltage.
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37. The processing systemaccording to claim 36,
wherein said switch circuit opens and closes for a
wo oogogaes i od of time when a bit |ine carri esSPEI/US2004/008404

vol tage signal associated with said selected nenory

cell for a second period of time, said second period

of tinme being longer than said first period of tine.

38. The processing system according to claim 37,

wher ei37.t he sTht pRodessisg EBtirh ac@TAISRScldint BENSI st or .

39. The processing system according to claim37,

[ . t.chi irGguit ~CONPri ses rogra bl e
whifOf] Sl sbith S BB 8 ST TRk B B R B
38, wherein the sanple and hold circuit sanples the
a big §pe sgics p violage sighrlassasinted withhsaid peleeteqh rdrooryotell
time. 41. The processing system according to claim 36,

for whedagidpeaidlof €siestaidl SecBBEWeYiodl STHRAE bemgAoNBaN@ahC
menory cell. 42. The processing system according to

Sﬁ&%éﬁi%ﬁghcygﬁ&gin said sanple and hold circuit further
conpr |

ses a capacitive elenent for hol ding said
vol tage. 43. The processing systemaccording to claim
42, wherein the capacitive elenent is further coupled

to gr@sd. 26TNHRREMDOFARS RCT- 4820841808494

wherein the switching circuit comprises a transistor.

39. The processing system according to claim 37,

wherein the switching circuit comprises a programmable switch.

40. The processing system according to claim 38,
wherein the sample and hold circuit samples the voltage at the expiration

of the first period of time.

4]1. The processing system according to claim 36,

wherein said resistive memory element is a magnetic memory cell.

42. The processing system accdrding to claim 36,
wherein said sample and hold circuit further comprises a capacitive

.element for holding said voltage.

43. The processing system according to claim 42,

wherein the capacitive element is further coupled to ground.
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44. The processing systemaccording to claim42,

wherein said capacitive elenent conprises a discreet
wa@apamhides . 45. The processi ng system accor di NBCT/WS2004/008404

claim42, wherein said capacitive el enent conprises a

parasitic capacitance of the bit Iline. 46. The

processi ng system according to claim43, wherein said

sanpl e and hold circuit further conprises a sensing

Circui44. couplRE pkérebdiies SRRAR bR R8N, 447. The
processi ng system according to claim46, wherein said

wh&@ acik Ly%wlkgcfgﬁ i%Dthe. arasitic capacitance of the
dENSTNG “REFRTGItC NG Y COMRIECH P SEEEST FPAYFSt-em accor di ng
to claim46, wherein said sensing circuit is a sense
anplifier, having a first and second input, said

capacifs.ve el RERloRiNgnERIRLEDlitiesdl daifd Kt | nput

and a reference signal” being coupléd to said second
i nput ., 49. The processing. system.according to_clai.m
wheygfn Saigh CAPaFiiE RIEmac SPMIPTSFY & PSR Chkrrsanse ebthsabibt or
_ for conparing a signal at a first input with a signa
lineat a second input. 27
46. The processing system according to claim 43,

wherein said sample and hold circuit further comprises a sensing circuit

coupled to the capacitive element.

47. The processing system according to claim 46,
wherein said capacitive element is the parasitic capacitance of the sensing

circuit,

48. The processing system according to claim 46,
wherein said sensing circuit is a sense amplifier, having a first and second
input, said capacitive element being coupled to said first input, and a

reference signal being coupled to said second input.

49. The processing system according to claim 46,
wherein the sensing circuit includes a comparator for comparing a signal

at a first input with a signal at a second input.
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