*166166* *(@00002* METHOD FOR REDUCI NG POVNER

CONSUWMPTI ON WHEN SENSI NG A RESI STI VE MEMORY

THE | NVENTI ON [ 0001] The present i nventl on reﬁmmmmmm"””m
menory devices, and nore particularly

circuit for sensing the |ogical st ate of a reS| stl é'“’
menory cell. BACKGROUND OF THE | NVENTI ON [ 00

resi stor-based nmenory array 200, such as that m@mmﬂlﬂwmmm
in FIG 1, typically contains intersecting r

210 and columm lines 220 which are interconnect e®o3*

resistive mermrﬁ/ cells 230 at the cross point of the
r oEAE QR R REDHEIN QPN ER CONANIPHI Q¢ FEY M SBNGING A

(MRAM is one exanple ce which

i ncl udes resistive mn‘%ﬁyﬁ%’g}a@%d as shown in

FIG 1. [0003] FIG 1 shows a portion of a resistive

menory devi ce. The EBLDOF THEMRSVENTRIKAY 200 of

Magneti ¢ Random Access Menory (MRAM elenents, a

plurality of electrically conductive row |ines 210.

goeb1g pl urid pﬂ:%n@fnv@h@&i Fdl&‘t@ﬁ Wm%@%“&&héé? a&%l rH%HE %amcularly to a

lines 220. Each rowline is connected to eac

R diceic 98 €Y reapective |
res{ngt [ vel e(%resrrerlt Cdbgl??l S?%tg Og e NR?ﬂYI
consi sts of 1024 rows and 1024 col umms, |

appr oxi mat el y 1%@& _ ach ceI I
resi stance of I BO-KS Yty LAY N
| ogi c state the collective reS|stance vvhen all rows

@&fb col umms, except for those associated with the
é'l? ted PtéﬁSFtOl alllraéf—'drrgglﬁlgé}t ) %pO such as that depicted in FIG. 1,

typically contains intersecting row hncs 210 and column lines 220 Wthh are

has a

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 i.t’lCludCS
an array 200 of Magnetic Random Access Mcrtxory (MRAM) elements, a .plurality of
clectrically 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.c., approximately 1 million cells, and each cell has a rcsistaacc
of 1.2 MQ or 800 KQ, depending on its logic state, the collective resistance when all
rows and all columns, except for thosc_ associated with the selected cell, are respectvely |

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



shorted together will be approximately 1KS2. Typically

during the read process, a 1 voltage is inpressed

across a selected rowor cell, resulting in a voltage

at node "A," as a result of current flow through

menory cell 340 connected to node "A " [0004] A

plurality of switches 240, are respectively

switchingly connected between one of the row |lines

amdiage fsiimpressaiicesss afscleaRd rantorell eRtilahg (05 QUREDe #P0de “A ” as a
The switches may be inplenented as transistors, or '
MRYUIPSS Aurfedt Mo ch RIS mPIESF 8BRS & M- fGhES o dtk PAL» ar e

known in the art. A'plurality of sensing circurts 260,

are respectively connected to the plurality of colum

| i nes 220. Each sensing circuit 260 includes a source
di0004pnst émlu@lhémfrwlahcqob‘t(b,mré: adspguidglywhvitchinigly connected berween
applied to the respective colum line. A plurality of

paiel ofithe vk tiageansicuficesoudddbof SdHRRINY ?BQ:nYinl (LRGEMA502 Fhe switches
respectively connected to each of the plurality of

24 bl DERcAL0dl,000Rke bR, BPRLAN A, SYH.ED. 240, suc

as swtch 270 associ at e parti culCarer B garairble switches

%ﬁgnuiincloseggso a go ring that rowline to the _
ground pot ent "l *ang PAU2gHr 5 EBHRE EGHHAPO, prégresrecyyely connected
320 is sensed to read the resistance value of a

garths eliraity of exlpsingdineg 280. [FagbetnsizeGircjt Zfoinstutirea source of
resulting electrical circuit for the relevant portion

30@saht clthecapotnyiabfV g ywilkle R appe L& rheS e PeLetdRAumASine. A

shown, nenory elenent 310 to be sensed is connected

r oW Li 80 and a,partjcul ar
SRR, el RilRs b Ot 2 SO PHBEE ot vl
320 are a pl r?Lity of . other resistive nenory

S1PBReTEd 1q Ea.cé.o ehoRiurlsy 98tpw lines 2450, 360, 370) each

of which is connected at its
[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.

[0006] 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 i$ 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
c‘lcmcnts (c.g: elements 330, 340, 350, 360, 370) each bfwhich 1s 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 addition, a

sensing circuit 400 is connected to the colum I|ine

320. The sensing circuit 400 includes a voltage

supply (not shown) that maintains the colum |ine 320

at the potential of the voltage source VA [0007] The

ot her resistive nenory elenments (those Lied to

utttt eem deensiegvciriuies)0 is380ne34d o 30:01@60,1ind 520, Ak Rnsing circuit
an equi valent resistance referred to as sneak

r£Q0 sichreea volthe s@pp@ghbvdhasiiLANLE
resistance is snale A typical val ue T &Es%% oﬁﬁﬁé ne 320 at the

I 85tk ShARE & b b, - _CS2. Nevert hel ess, because
l%?h ends of eagﬁ ﬁ%é?oﬂnded el ement 330.. 340, 350,
360, 370 are ideally maintained at the sane potentia
as the colum line 320 (e.g., "'A), net current flow

ti908dYh t Kbe sneakcriebl StaNeS diendas |l YAl .
[0008] In contrast, a neasu?able current %@E'HAIOEE&Q row lines)

t38m grzxouzm%megmtﬂovﬁ
measur abl e current allgﬁs ék?ﬁh?Pﬁﬁm%f%qﬁyguhﬁvmfg\memna:

2 sta 65 nce of the nenory el enent 310 by
Sirillgé ééfgckg\( n%?CcI rﬁéu 4 ﬁé’éﬁa?CgFiﬂgén cedp @‘Hiﬂ* i dppicd ypluerdor the sneak

can |OM/IH a resistive nenory array when sensing the
Ve mighe be ddiigr MY Pewdrdeiass, beaawso bbinemdisofpanetingoadted clement
on the nenory array will require a relatively |arge

AR 840, IaMOOr 3RO areidvatly oufaRd BRLEE -
I NVENTI ON [ 0009] The present invention ?ﬁ%@ggggﬂqgﬁéj%h”nnhnc

reohed. and ARRAALY a0 QF)IJHQ‘%%C @gcaﬁﬁgr%}s e 8 R, ncarly zero.

source required for a resistive B A= e}

provides a sinplified and reliable nethod for sensing
the resistance of a resistive nenory cell of the

PP%] A 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 relagvely

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 2 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

w



vol tage sensing circuit is utilized, wherein a
resistance to be sensed is configured in a 0 voltage
di vider, fornmed by the resistance of the sensed cel
and the sneak path resistance of non-selected cells.
A known voltage is applied across the voltage divider
and a resulting voltage drop across the sensed
resistance is detected at a bit line of the array.

Aeclorgdidisgddrofdrivediliywtatésipbanct e dapRhi@oeH | -
active for only a portion of a read cyglghgﬁgg?k%kpa&“tﬁ““mc

r e5ubit-bdlrd Lelbi kRN ABE s FALEY 50 R OFesSin
during a further portion  &f %ﬂ%%?gﬁcdogy[@?é@ﬁﬁf divider and a

| el gl ' i nterval duri.ng which the applied

Voclgﬂtdg%lg g?gt&ﬁa%ﬂtop% é:r’ossptgwes nﬁldsrgflﬁgﬂchﬁ deieetafl at 2 big line of the array.
qgnor. device is significantly reduced. [0010] The

f fCé)(l)' (gr taﬁ]&c Jd]tVﬁlglqu, éh% E[?I—é@dd’pltﬁg'ﬁels IaCM&rfbr OﬁlyWI ﬁdrdOﬂ ofa rcad
becggﬁﬂggre apparent fromthe detail ed description of

pFve ¢ esshlouigrieniine viltaphés dtoraFbi oS ¥MEHuHE! i
with reference to the acconpanyi ng dggkﬁﬁgg.L%Rﬁég%&&mrponmm

DEFSERF ATl GNe OBy TilkibRANY MaS iﬁ&%h}lﬁ@}%@‘ Jlustr

te .
a typical resistor-based menory ce  AEP -%%mgcw

rRe\S RRCE dREPSY brcuwits: [0012] FIG 2 illustrates
a portion of g t({}%‘l’vgg{n érﬁgsnl] %T%’iy-drlfﬁ%‘ééf Pt Branty educed.
array including a sensing circuit and sneak o
resi stance; [0013] FIG 3 illustrates a resistive

moRBOY ar Thy fosigbmevald afer GeRSET tRONSEAUGT 651 ?éc?ﬁaec more

accordance with a first exenplary enbodi nent o

lappieht 00in e A dlicF biGerfribh o Bt GHL SN RAL I

along a bitline; ¢ invention given

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 rcsiétor—baséd 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;



[0015] FIG 5 illustrates an exenplary voltage sensing
circuit in accordance wwth the first enbodi nent of
the invention; [0016] PIG 6 illustrates a sanpl ed
time period wherein voltage is applied at a resistive
menory array node; [0017] FIG 7 illustrates the
i nputs and outputs of a sense anplifier; and [0018}
; il ¥ second exe ary, enbodi nent of
[{fdﬁgsf nv e%%kls‘ b%;%&wﬁré?“esi il -rm}a?%ry&r% A3t PONHIS AFAYiid injasrordance with
uses_ sanpl.ed v‘oIFt‘ ges for averaging a sense operation.
Uy st GO ERAeS C AN SEBRORD| ary processing system
which wutilizes the circuits of FIGS. 3-8 . DETAILED
DESCRI PTI ON OF THE I NVENTI ON [0019] The present
[daveENt | ORTEM. _ ihed -asset. forth jn exenplary
[errb@J(;di nentdsé\féisﬂlggtatrcgt% ngfd ?‘:%g § D508 WRgIRigy voltage is 21PPlflcd ata
' its _may be realized and other changes may be
rﬁrgr{agggg{o i%%a.na?’é’@flwsed embodi ments wit hout departing
fromthe spirit and scope of the present invention.
[0020] FIG 3; illustrates a voltage sensing circuit
[0007) a rHEsh.stilNer BB Y; . -according to a ruyst
exenpl ary enbodi nent of Ega‘—i}hnqv%%ﬁgsn@ %&r‘?ﬁm P apd
450 is. illustrated, wherein the array 450 has col um
0Iie,@es (or. "bit" lines) 433 and row lines 434. a row
[00deader TH5B8 iilusstinar: waoic peemples; aboseh@BtoOR. Hvehtibn, whercin
tb(rgovv. Ijr;g; 4;,;‘1 during a read operfltion.;, vvhilﬁ ’
cipgratondegogificrdidds apesial 8] &5 36! t he .
colum |ines 433 for readout. W%?g i@(f&%%%qﬂgg% O EoTRITOL
lines. are selected through the .5

FIG. ¢ Zllustrates - lar r i : nici
ar exemplary processing system wnich

utilizes the circuits of ¥FIGS. 3-8,

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention will be described as set forth in excmplary

embodiments illustrated in FIGS. 3-8. Other cmbodiments may be realized and other

changes may be made to the dis¢iosed embodiments without deparring from the spirit
- B (=] ~ 9

and scope of the present inventor.

[0020] FIG. 3 illustrates a voltage sensing circuit for a resistive MEmOTry array
according to 2 first exemplary embodiment of the invention.. A memory-array 450 s
llustrated, wherein the array 450 has column lines (or “bit” lines) 433 and row lines
43%. 2 rowdecoder 423 is shown and operates to. select one-of the row lines 434
c'uiring a read operation, while column decodar 424 operatss to select ons of the

column lines 433 for readout. Word lines.and columnn fines are selected throueh the
. g



application of a sense voltage (VA to a selected

line. Typically, all rowcolum lines wll be set to

ground, and a selected row will have voltage VA

applied to it. [0021] Each nenory cell 430 has two

possi bl e resi stance states, one of which corresponds

to a logic value "0 and the other of which

corresponds to a logic value "1.' For MRAMcells, the

r gpilisd cICs SdedictvdMacd (¥ BGL ry gell 430 may be

set by applying rragn((at'?ct%%i g%g‘a{%‘ct hléfpécép%@ﬁéawycomm lines
this is well- known

RIS Yk &l he,rpnner of doir . /
in thescartéTé)r?gf W hort c{elorvéﬁ'gg]?aé’a VRERE Vs amlied ta it.
illustrates an equivalent resistance 302 which
represents the resistive value of the non-selected

89241 i veEetlementosy calbadl Bsk tw pRELEANE | i ne, .
which forms a sneak path to gr o%nd. TheStig/la?fllcﬁgﬂgﬁD one of which

reesiesp i €o 302zt $alAUEN Jh8SE n _the. resi stance of _
sensed cel | %g’i as the rerra?%p%(f]og‘é' 8 COUSTRIRGS t¢ 8 legig valuc 1.

ugm (bit) line are in parallel. [0022] :
\%ﬁéﬁﬁt‘ﬁﬁéi g(%lﬁi e g%sé%‘%cfés ‘Ff’g@é““‘sFACCF aempsy eeds30 uporbe sec by
raovini'ne 305, .a , resulting sense current [ A travels
PBGesBraitie delds e rhneslzos! mamongtellr dBficsibivie BE@BI this is wel-
el enment 301 and into a first end of resistance 302,

WAPER i sheauphétilhbosbsependd @Bt OFTQr O -
resulting bit. line voltage VBL is then i npraét?saé%c%‘ﬂvalmt

nostheancA 302 Wi rdpBe se MR ek RO §51 st or 301 and.
resistor 302. Volt age VBL | snsa\{)aglgq%ith? PYPSEiEteq resistive elements

ASEMEH B cHen le that the equival ent resistance
of%nory ecghg%§§§ |sh1¢i’IV§P‘?h forgns 2sheakeRpth yaBeaind. The value of
%s'a%tcagg .of resistance 302 is 8kg, a.sense voltage

E ,&k 0 g BRY % tEprssifitnapof nsedsiel 30i rus &h& M¢Ening cells

current (1A of approximately 0.5 Ain the bit |ine.
THUECE Eh &ﬁ?@?césﬁﬁmm(mg;Mm-cammcg, 2,000 col unms
could have a total current draw of 1 mA (2,000 x 0.5
A). For 1,000 arrays active.-at the sanme tine, the

fov22)) Chivhen the applied sense voltage V, is impressed upon row line 305, a
resulting sense current I, traycls 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 rcsqlting bit line voltage Vy, is then imprcsséd on node “A.” which is
common to both resistor 301 and resistor 302. Voltage Vy, is subsequertly sensed.
Assuming in the example that the equivalent resistance of memory cell 301 is IMQ, and
the equivalent resistance of resistance .302 is 8k, a sense voltage (V a) 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



6 current could reach 1 Anp (1,000 x 1nmA), which is a
considerable current draw for an integrated circuit
device. [0023] Referring back to FIG 3, the
illustrated enbodi nent of the invention further
contains a plurality of sanple-and-hold circuits 425.
Each sanpl e-and-hold circuit 425 contains a
respective switch 405 ... 409 provided in series with

aufr@sRRRld M8ch QQLH?]SI 0bb tx)lnlLAZevxﬁ%ﬁ 15 2 FonmdM dad)‘f(? ?%ﬁc%tg_raw for an

typically inplenented as transistors.

ity acitors 415-419 are respecti vel
R oG ound’

ween each bit line 433 and a ground
potential. The capacitors 415-419 may be discrete
conmponents, or nmay also be a parasitic capacitance of

d00BHpect Referrsensek anplGf 3 ahedllbsrrated dhfodGhot the, i mvcnuon
|1 C

part of a sanple and hold circuit 425 or a parasit

CapReicbARGR aQfluAlifeSREGhicVa L] {)ldl il ﬁ?;g: a&%g?o Zaéxlpgc -AR@-hold

Prior-to startlng a read operati on,

librated b plying a known voltage
glé?udts%%e ach capacc::slp POIC AECh \4()% 9¥09rm0§1®énn Brates ploten respective
% e orarlly cIOS|ng each of the swi tches 405 ..
) 9”1&% QRAPPF $PAg TheprEcksiargeypisadly imgeniantebohrdiiskiors. In
line 433. After the capacitors 415 ... 419 are

B@@U@haar @E-dl,hﬁabf vaPSGMdRC‘hES‘Lﬂ-Qa.rC rcspé&glcﬁrrc%u l@g rkl)g Ccn cacb bitr Line
Subsequently, during a read operation, a selecte

#Bhend 8 g&?.glxd @o&ﬂ@alvqih'éégﬁac%rsa@g 1hs n\nl'g %cacggcre{ecomponcnts or

sel ecte um line is sanp ed

[ switch . 409 and storing
D O P ap B T e odse apabferoh] 4156 1 which i
419. .The out put of each capaC|tor 415 ... 419 is also
BULPT LirmRic 204 befsbeirqd25ens & pamplticfdapacitdd@ dfhdespEBiiE: bit Line
igg vol tage stored on a capacitor
: J.

[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 opcn.cd. Subsequently, during a read operauon, 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 capaciror 415 ... 419. The output of each capacitor 415 ... 419 is also
coupled to 2 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 operaton



is available at an input to its respective sense

anplifier during the sense operation. 7 [0025] Turning

to FIG 5, an equivalent circuit is disclosed, show ng

the sanple and hold circuit 425 coupled to a portion

of the columm line of a selected nenory cell

Initially, switch 405 is open during the begi nning of

a read/ sensing period when a voltage VA :s supplied.

t B0 Hel ecteninniw, Fldepdi, et edpuiasent cirtic Bldacided AhoWving the sample
predetermned tine period after the initiation of Ti,

swid bbld@BuRlQSeHupRE 18 «Siton FFehi OGuT2, ANd
opens, at which pant ca;%tgitgr 415 igz%har g%di]%gccfehdemcmory cell.

bt digihin = V.0 ; n be.seep framFI G 6, .
b Sy R0 a0s (OB S GiEE By ) eastiepeiion when s
rgﬁda§gpsjn Berioq 1. Once charged with the. bit

| YRS S0l AYPPIER &° R sPedrd Brwi Aemciad selhafgBEG t eAt a predetermined
sanpl ed sense voltage to input 600 of the sense -

aRPICiHOr affi£0. thi Eefwighce vOITEAGe 620 405 E0gMMs EBL Q sphore

the second termnal 601 of sense anplifier 410. _
-‘Assumi g_a’f dtSh B6AverRtt sharh seask mgpatitre pesiiedchhrged by the
st 95 10S. Ling the voltage sense for a period of

100n§L ljrv\'gasl 3'?9;03&5%%1 hgs pcoavr\ller%gfsreo% AF Ty leurfrefibe ampling time
appriodi Tt elay £99%: ohtod TnUNdelHA00d; that the, circuit.

and,. &QRHI tgi f)c%gssed above is e/,t(?uglgl[nyghgfﬁaldcgbl ePT a
reverse o HaPIIRC Rl (e cIRsriraigien slisshaserethersompled sense
colum line, and the row line is read/ sensed. [0026]
Ml%ﬁ‘ﬁluﬂf‘iﬁ SR dih ereamse efpdiéns€l Ginplrkfeteice 43RagdeS610 is input into
illustrated in FIG 7. Sense anplifier 410 has a

f thestcomptgtminah 606 0Dsches a&xpﬁﬁ&y‘im s saERhed, &R Sitional sensing
vol tage nmeasured across a resistor 301 (FIG 4) of a >

S@hR GicRdd G9! 05, DaRGSTRIRIG 68 LD (ELGy Phoollg

first input 1ine 600 may also g%g?%Pg?gﬁé&Fgog§§&oonsWOMd
"Lt S line. ~Sense

1248E the ﬂo‘%&cr from g’rray current by approximately 99%. It is understood that the

curcuit and method discussed above is cqually 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 ainpliﬁcr 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 1/O* 603. The output lines I/0O 602 and I/0* 603



anplifier 410 al so has a second input |line 601 for
receiving a reference voltage. The second input |ine
601 may be referred to as "Digit*." Sense anplifier
410 al so has two output lines 1/0O 602 and 1/0* 603.
The output lines I/0O 602 and 1/0* 603 S provide
conpl enent arv out puts dependi ng on whet her the voltage
on the Digit input Iine 600 is higher or |ower than
PHY 1ot (aiemer2Diveutbinti depcnaipgton] wineh &0the olk827hn TREDigit input
Zgnple-and-hold circuit 425 di scussed above can he
ionbDYurleghdran lower thah trhe a6tV Inagk en i
anplifier. An exanple of su6%¥circuP%§§ F%ﬁg#ESfégd in
the comonl y-assigned, co-pending U S. Patent

No. 10/ 147,668, filed May 16, 2002, and

J.catign
ﬁ@@/ﬂl ed %%@PIL?E%?@PQ LGy 42 SSENAledSIENSE NG & RGlfictired for use
FOR A MEMORY DEVI CE, which is incorporated herein by
Féheneheasinpoorslankl@er 8 Ablduspleatfesc s &l sr8Rkie @l the
an "averagi ng" sense circuit which can be used in

e@uordgncegued, ko tfta dpfpeTe Pakdhy ApbliORion IRE. 1(55% %Fg;?té&ﬁ)gl?cd May

sensing circuit 900 includes an Integrator

26 5¥0 (26 B e S R rison

circuit 918. As mﬁlFEg§é§§p alnégﬂgﬁgégggaﬁeggwﬁlNc}CIRCLHT
oy, CRUt..signal. UP (or of the sensing

BORAMER Y By RoP dtbich & rowproTine Soub refgence.

circuit.not shown in FIG 8 and is averaged over a

period of tinme to determne the data state stored in

ED0283i St €. FRINBEM e @hlcnBUHimINE AV A9 Nabue . .
calculated is indicative of the da aa@%?ag%’8fm?ﬁ50“tWhthMJ

PEARIM, G&lokg ;%é&ﬁ he sensing circuit 900 outputs a
stream of ° 0P %lﬁpsr%sgn’:flé’é’gqun;%?? Biirared egfeinecaticuic 900
i%H%E%!”ina”d dischaéging of capacitors 912, 911. The

rati o of EGet spee BYe- prching arreat sewicy 92D paidca éiparison
bitsg to a total nunber

circul 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 not
- shown in FIG. 8 and is averaged over 2 period of rime to determine the data state stored
1n a resistive memory cell 901. The average value calculated is indicative of the data
state of the memory cell. Thps, the sensing circuir 900 éutputs 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

dverage current, 1n turn, is used ro determine the logic stare of the data stored by the

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



of bits yields a nunerical value that corresponds to

an. average current through a nenory cell, such as
resistive menory cell 901, in response to an applied

vol tage. The average current, in turn, is used to
determne the logic state of the data stored by the
resistive nenory cell 90.1. CGrcuitry for performng

tg%% qveraﬁu$ﬁ operatjon of the pulse 9 stream provi ded

by the L8RSt RY HRF FEHINE TOWt 928 Inotndbdesn SHew oPlescribed in great
desqrjbeg in great detail in order to avoid. obscuring ~
tdfealge SEfs POl aynicobbicheng Heseatrip YL i :

det ai | ed expl anation of some ofpthe té@ﬂ%?ﬁﬁggaﬁgganléinom

cletried texplyedrRG GOson® o BARE Nn; | sensing is provided
infile cormonly assigned, co eﬁﬁ?ﬁglif%ﬁmﬁéfﬁﬁgmgIOIHwnwn'

ARPkdGRtd 198N 894,938, 617, pled August 27, 2001,
entitled RESI STl‘\)I% '{\?EW“’@EEEE‘ cd SENBENBRES) NCPatent Applicarion

G whi.ch | s incorporated herein by reference.
?X%%T 9?&?& I$ P 8‘&5"(‘%‘%56@ % ﬁ@ kL ensided RESISUTVE %%M@R?MEI\ENI
e

ggéfribed enerally with respect to FIG 8. .
%U@%@MW@H@G; ehictis W orBsRkd £aLil, bg%%fclf%lcc_
nmeasured as an input voltage relative to ground.

reading a menory cell, a selected rowline, or word
Ir ey 7( W) is.activated and a voltage VA is applied
t[ ot h]e r ergk?%&? VE"AR Ot tersenypg coogc 9R01is pohetesanided gt NSy with

%g%ég%%gﬁgoéyygrray are@géounded. As illustrated in
FYPhe vBf fetfEnce REELD PO tiersshes kehd 811@?'
dropped over the cell resistance 901 and a V%gneazigrnamumdas

PR B ynlcapcdOBuvhad gfrpe S HegdihPg r'h@lglio?)t ancs 8%(5%8]“’ line, or
I J

other resistive memory cells of “the Ting s

Nogie iQOAVT $9¢08ched e a Sl st ., swtch 909, which is
coupl ed@t‘ e pos ?%Fvagdtaevﬂlﬁaﬁféﬁ a3t 2Rflicdpahe registve divider
apPlb i af ogg%fwgl%i(:ssmft%rt her coupled to

capaci tor. ¢ Memory array are grounded. As illustrated in FIG.

8, the voltage level of the selected WL 910 1s dropped over the cell resistance 90i and a

1t It ]
sneak" re ce 903 e !
resistance ‘903 that represents the resistance of the other resistive memory cells

of the bit ine.

[0030] Node 902 is connected to a first. switch 909, which is coupled to the
posiave terminal of differential ampiifier 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 inidation of a read/sense operation during T1 (as -
described above with respect to FIGS. 5 and 6), to transfer the charge from node 902

Lo capaci he volc 1 I
pacitor 921. The voltage on capacitor 921 is sensed at the positive terminal of

10



Switch 908 is coupled to the. negative term nal of
differential anplifier 905, and further to capacitor

922 as shown in FIG 8. Switches 909 and 908 cl ose and
open during the sanple tinme period T, follow ng the
initiation of a read/sense operation during Ti (as

descri bed above with respect to PIGS. 5 and 6), to

transfer the charge fromnode 902 to capacitor 921.
Theﬂl}/iﬁl_tgageson capacitor 921 is sensed at the positive

t EPRITAr Vo Y@tda.%gﬁiwhéh 199B1pI&hiq glouBBSopatktiect ths same time as
coupled to ground, operates at the sane tine as

sWEeP 0909 cmmsbmgamiseaimng]ap@k&@n&hﬁéedr@yangﬁﬁa 905 durine a
transmitted to anplifier 905 during a sanplin 5

miplidlg ped.vTht agieacaRppi i fferential canplifier
8?)5 caﬁges t he aarr%l'l |g?ﬁg?h&g5%&ﬁgkél&g{)ﬁé hciﬁf g gﬁl‘:a‘fsﬁs ¢ amplifier

- egsher r.. ng, draw.current fromthe
oo suppfi ettt O eidhdProdh g1 41 Y1 S e Fetivereti Bomabe diher

e.c: the capagitor 21, 922 may be discrete
%%bﬁemn%asr;toéﬁe &Clﬁgoawnﬁaifsaysp ebeaptiti dapni@rod2 1, 1982 may be
differential amplifier or input |lines connected

 (HEFEE BOmPRRIiB OB, betthe perasipic ichighcaRACiftRE 8ifRhtia92Rplifier or
are also brought to a known voltage prior to a

demuilings apercetet chertw. efirtidpaioRe (e :Ingpgjr%‘a char
that may. exist in the capacitors. S[ 3 ac“é)rsr%%uls’tz? are also
bheuglapaeikhekn(vd iH3) led ta the node to .
e et D SRR PPEROP L0 clipimag the residual charge

T ol he_charged, increasing the voltage of
thé n é(.m _tr?\?ecﬁgaecft??&.t he capacitor coupled to the

node fromwhich the differential anplifier 905 is
drawing current will be di scharged, decreasing the

- {/N3ldge ofs 4 headic, e eapaciﬁ)r(‘(bqq @%1%2 qﬁ%%& 9(%5&9? nlc%iféo iwjich the

senses the relative voltages of t S _
dEBRORSLam 1&@9@!3%@{;;8{% C‘tcﬁg?\{lpt?ﬁh}éc%ﬂd generates a

cor tespond ne out but arged, increasing the voltage of
the node. Conversely, the capacitor coupled to the node from which the differential
amplifier 905 is drawing current will be djséhargcd, 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_cLK 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 s 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.

11



cl ocked conparator 917 al so generates a conpl enentary
output signal DOMN. As illustrated in FIG 8, . an
inverter 919 is coupled to the output of the cl ocked
conparator 917 to generate the DOM signal. However,
it wll be appreciated that the clocked conparator
917 is provided by way of exanple, and a cl ocked
conparator suitable for use with the present invention

C [ ed, ny different ways other than
t xg%)‘?@h OV\nE’k gér]lﬁéf B %E)V{l}% %@@%ﬂﬂrc PHY1{98 tgrilic BERhing current source

signals are_provided to the swtching current source
9960 1having g firstqurent sawreeeht6 swlin serodd Gueadt @USECDIE Each of the
current source 915. Each of the current sources 916,

9 £Brrewti soutreh 81 GRS ddichthevottdl Reind Boddled ROBRS LG 0191R 3 based
n one

based on the state of the UP and signals. |

soatthe sthkeofGlE (AN nSOBWE kb to the node . .
914, providing current to 6%g{f?€éﬁ%%%k§ﬂ6§CPﬁgnt“““tc91613

cagﬁg' & the.current source 915 is coupled

to t héé& %{ﬁ?’g’f §,’ﬂg‘r A7V e CH T POV el Ghrret S capacitor 912, and
Cﬂfr%ﬁ t he cqggg%tor 911. In the other state, the

c Ul SHEens He & Gourked 4P tagineds 9hd praddmediBeent to negatively
providing current to positively charge the capacitor

9ghargg e capeciion Pl énfn tiyootheestdtkS thescueRuph@dcd 914 R&oupled to the
node 914, providing current to negatively charge the

capacy 1 prédiding CoRseaEF sl dhelyMRGFL L RE atcﬁgrd9 POM e current

signals swtch states, the coupling o e current

SEJHTELS] §115Qouﬁ9llé hild o dyg: énlgkgpjad@svi i !glcﬁy'éjt%%%g%fgg%}y\phargc the

exanple, as illustrate

S R s S e TN AT

the current source to be coupled to the node 913. Upon

'tw gof Fh%‘i“ﬁ@“é BRECes916, 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_CLK 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 _c'ouph'ng 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 clocked 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



the COWP_CLK signal, the voltages of the nodes 914,

913 are sensed by the clocked conparator 9.17. The

vol tages at the nodes 914,913 are represented by

signals i NrouTP and r NTouTM respectively. Were the

coupling of the current sources 916, 915 are such

that the current provided to the capacitors 912, 911

over the period of the COW_CLK signal causes the

vold 895 Sl Eok it ctB4G %l Yheil Be3cu PR B e ;

previous rising edge of the CfiFﬁBE%ﬁgggﬁasf eﬁgﬁdcnUdath&"
ut .of the gl ocked.co r 917 changes logic

i 0 P AR R HOR: TN BB b GH whehe Fespective node

current sources 916, 915 to  switch nodes as well. It

w14 9he e ppeeeretthen theghangeicvliset nansofl biyhibe curerenburce over one

sources 12 916, 915 wll continue to switch until the

creriodnif thgr GoMitediibsighdle VWhdf enismichal, tanmpictscEs of388 Pand

ei ther one of the capacitors 912, 911 causes the -

VDOV Qig@hls nhlntaRSIRR IJr¥@nIRPR scqdd wl’g%t;'catugcs%c g{lcg‘géce(gf the

than the change in voltage caused by the current

S . eri.od. the ,COVP_C. LK signal. Wen

SR Seer e R LR RS P and” DOV

signals maintain their present |ogic states, which

causes the average of the output signal of the

d6A8¢hg CFIE.\A Hiudbitet an eteaiidery drO@3dhg kstem 9200 which utilizes a
illustrates an exenplary processing system 1200 whi ch

%ﬁlﬁdca%%w@r scﬁﬁﬁ%‘&ﬁ‘_@ui@ QUEH asS F&?x?fgpféi El'?cuih{cuﬁ%pcn SéH 1;1 W nnection

exanpl €, the circuit describe n-connection =~ W

Fl: -8.o T rocessing sysfem 1200 includes one or
RIS B e PSR DR AR e bt 1201
menory controller 1202 and a primary bus bridge 1203

#PuPlsH 0 2 desapPedl AMe A @esmony sontrpbier 12(0eansk opemaiyrisns bridge 1203
system 1200 may include .multiple menory controllers
BrO@sarmipbrd thalledapbes p204reTle pusebirgdgesml P2AR mifeiclude multiple
menory

memory controllers 1202 and /or multiple primary bus bridges 1203. The memory

controlier 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 120.9. 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 controlier 1202 may also be

coupled to a cache memory 1205. The cache memory 1205 may be the only cache

13



controller 1202 and the primary bus bridge 1203 may be
integrated as a single device 1206. [0035] The nenory
controller 1202 is also coupled to one or nore nenory

buses 1207. Each nenory bus accepts nmenory conponents

1208. The nmenory conponents 1208 may be a nenory card

or a nenory nodul e. The nenory conponents 1208 may

include. one or nore additional devices 1209. For

exampirein th paoceiindysrenDl Mderidtiecipdstihti @8@kes 8V eEfnple, processors
1209 m ght be a configuration nmenory, such as a

SE201ainaphies enaei-datiRCichrdtidl, WEIR Y.y (Ihe menpry. .
control | er 1202 may al so be 'Eoupf%ai?%“ﬁ”@ﬁ%h%“ﬁ%ﬂﬁ??“hcmmc

T a 1205 e the only cache 13
]#e%?r%lf’ Y P%) 5?@1%% gg&gg%?“ﬁg“’%?&ﬁ%‘?‘%‘i@@%@ glalf orgonepliers which
q§¥%ces, for Qﬁgggle, processors 1201 may al so
i e lPdy8dseHs PYRPOIT Gt EHnemgryfaseess ADdREhEhe memory controller
hi erarchy with cache nenory 1205. If the processing
sYPemm pemcmael ucshp eoigrhecapotadol COMNbE ohdss BRESer 1202 is
are bus masters or which support direct nenory access

(OMB)ed tb eI of EaRbEMbseE 12@2,%%&@%&&2 LGe
C

¢ |
cache coherency protocol. If the nenmory ntro?pépmybCOPmﬂmd

1R ®3rdlis! ofQUREET 2l ality of nenDrygguses 1207,
ea%I mem%ry bus 1207 rrlg%}g e o §F5?3£86d fhdpisretragmorgrbuses 1207.
di fferent address ranges nmay be mapped to different

nenorﬁ buses 1207. [0036] The primary bus bridge 1203
Y

i[§086Lipl edht priatary bashridre] PEs ispbapRH BYSlead 2R per;
Vari ous devices, such as peripheran or aééitioﬁgppgﬁglmm

biri10g Sarizay dbacOseh &6 pkQphd Y ipheral bus, 1210.
These devi ces may i ncl tde” a s?éfgggﬁggﬂﬁFgﬁVﬁ@:ﬁﬁTiPCéoupkdtO

ThepENRRE QS 1610 dRulCe d214, 8 Seqondary bus bridge
1215, "a nmultinmedra

B JiGp may include a storage controller 1211, a

miscellaneous I/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, Ina 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 controlier and storage devices 1213 may be SCSI dISCS The I/0
device 1214 may be any sort of peripheral. For example, the I/0 device 1214 may be
an local area nerwork interface, such as an Ethernet card. The secondary bus bridge 1215

may be used to interface additional devices via another bug to the processing system
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1215, and a |l egacy device interface 1220. The primary

bus bridge 1203 may al so be coupled to one or nore

speci al purpose high speed ports 1222. In a persona
conmputer, for exanple, the special purpose port m ght

bgﬁ%he Aﬁ%flea;;ed G aphics Port (AGP), used to

c | 8Xamp gyh r secnadgey \Baebca-d 6 rocessin
Séstﬁnglzoo.dﬁlggs7] The storage cg%tro%%gﬁﬂgf%i%n-ungvgrsal
cGGpl-as et oUSRor eostovblge: desicces 3431 i - ,
storage bus-1212, to the peri pheral busﬁlzléﬁsﬁgﬁlces 1217 via
eRafipFetddhie PePorage eontholpmrcest2d BRYLhE 1 08CS! ope
coni[oller and storage devices 1213 nmay be SCSI di scs.

TRE RS e Nreset224 B eame sosbund Perd PRekakies capture
For _exanple, ‘the |/0O device 1214 may be an local area

net wor Ko "8 PZEET SYieh ofs maviBt hetnefacar &hithemay also b
sgg&gﬂggy(pus brigg§,1215 may be used to interface .
additTonal® d&Vi 288t virainseRecehasch 0ag hepeprieeessi 19, The

sys .For ,exanpl e, the secondary bus bridge 1215
naygfé?zﬁg%ﬁﬁfvé?é%f*a?ﬁu%zép B6r seWSES)capier 0kb&Ey devices
usegh ta gouple USB devices 1217 via a secondary bus .
1216 to°tq‘hé§8IP’8<£:J§ss‘? SySvdfrlEepooatis amdl micedid the

asessor 1 y. a sound card, a video capture
g S IR0

card, or pe of nedia interface, which may
gloeaghe qoupled Lo, Que additional device such as
speakgr s 1958 ThatE -E%a%gg%ébl?usgascﬂe@ T Ge @ 19009 apsxemplary
: to couple | egacy devices 1221, for exanple,

ﬁgg?ss%tv fﬂ(séegn R"é@b‘b‘g%%éhfamcrhﬁl@emay betuved. Phile S, OGlustrates 2
syst em 1200, [0038] The processing system 1200
iHPERSPAA PP HuR] cpedallysunatbly far geRRA Ak Yose computer, such as a
personal computer or a workstation, it should be recognized that well known

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 cxample, elimination of unnecessary components
B 2

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 ﬂ;c
invention is not limited to the disclosed embodiments. Rather, the invention can be
modified to incorporate any

number of variations, alterations, substtutions or

equivalent arrangements not heretofore described, but which are commensurate with
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processing systemw th which the invention may be
used. Wiile FIG 9 illustrates a processing
architecture especially suitable for a general purpose
conmputer, such as a personal conputer or a

wor kstation, it should be recognized that well known
nodi fi cati ons can be nade to configure the processing
systen11200 to becone. nnre suitable for use in a

v 48 i.ons.. For_ exanpl e, nany el ectronic
%c % 1¥1t SLﬁB © f’ga'lf PEEnbio 80 i Fgmpley alfeougiphe ievengdn has been
us ng a S|npler arch|tecture which relies on a CPU
CTibsel it Etf cantee o MR hpiomenbs u@DBr aabiy theeidiive state of
deV|ces 1209. The nodifications may include, for

exahpl resistart ibatatantanryodelis ane @R ESALY 2SPVRRE AL Sin
addi tion of specialized devices or gﬁrcu%%@- (¥%§mn”ﬂ“mmh

| PoBGF abisam ikl 34| ile
t he |nvent|gﬁBﬁag been gg%ggﬁbqﬁﬁé%§§ﬁ¥ ‘mfﬂ}cuna“ voltage

c ferred enhodi nen s knomn at the

Qﬁhﬁﬁ&dc‘ggﬁ r%sés t e r é‘écdﬁr)‘fc)‘? ‘ffng & gF*‘ES: thegilusgazed embodiments, it
|nvega%on i'sS no imted to the di scl osed enbodi nents.

© ARALF ﬁ‘f qhgﬁrc@'éﬁalb@ mapb¢ friegdinttheir ptaoe péthati€deviatin g

any nunber of variations, alterations, substitutions
o froneHgi W@ﬁthaldpangedrembsdnﬁémheﬁeécﬂfngg @l@é&%zﬁ%
but which are comrensurate with 15 the splrlt and
s by plec fokegolrey dEYaPEAOSE difa X h it he
i nvention has beeﬁ[i descr?%g% ?n %ﬁgh?%ﬁ?gyﬁyt§c ﬁffﬂ“
| hppEAMePBated for sensing the resistive state of

other resistive-based nenory cells and indeed in any
vol tage sensing systemin which power consunption

1s not limited

critical. In addition, while specific val ues of
current, voltage capacitance and resistance have been
used to describe the illustrated enbodi nents, it

shoul d be apparent that different values may be used
in their place w thout deviating
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15

fromthe scope of' the descri bed enbodi nents.
Accordingly, the invention is not limted by the

foregoi ng description or drawings, but is only |imted oypwise

by the scope of the appended clains. 16 LLOYD W SE
CLAIM5 1. A sensing apparatus for resistive nenory
cells, conprising: an array of resistive nenory cells,

eachcggll#iscoupl ed to arowand bit line; s a switch
ci rcul or selectively coupling at | east one of a row

and colum line associated with a nenory cell to a
pr edbt Arseinsing anpasatusdior resstewt memaiy cglls.clonapgesiag: a
node of a resistive divider which includes the

resi st ance, g N5 SELAGL EATBAPLYsCEld MBI 7 dow and

swi tch circurt’opens or a first'perio
time when a bit line carries a voltage 10 signa
assobitdined wi th said selected nenory cell for a second
period of time, said second period of tinme being

| onger than said.fir ied of ti.me; .and.a_sa
and hol d arragrecir CoragleeRie oy bl Jus: B8R rfw and
nmet hod for reading a resistive nenory, conprising:

sel ecolungn line asscgiated withamiemery cels eoplpradetarminiddagetential
signal produced by said selected nenory cell
to establish a voltage at a node of a resistive divider which includes the
resistance of the selected memory cell, 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; and

a sample and hold circuit for sampling said voltage.

2. 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

17
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wherein the sanpling occurs over a period of tine that

is shorter than the duration of said voltage signal;

and 17 LLOYD WSE determning a |ogical state LLOYD WISE
represented by the resistance of said cell using said
sanpl ed voltage. 3. The nethod according to claim?2
wherein the act of sanpling 5 conprises transferring a
vol tage S&l&@ﬂlnirﬁihgrﬁ l%gmal statdfeprosated blyahs aesistance of said
selected nenory cell "to a capacitive el enent or

wherein the act of determ ning a |logical state
conpeelisesing saishsampledneolta®pl ed vol tage to a reference
voltage. 4. A method for reduci ng power consunption

when sensing a resistive 10 nenory el enment,

conprising: receiving a voltage signal transmtted on

a bit line, coupled to said nenory elenment, wherein

sai d3vBheagethsidgraprding e cladnn2 piherein theast of $3papling

peri od; sanmpling the voltage signal over a second tine

eriod,  which i [ 1 ' 1 edlected
oS8 TEReRanE 2B R e b ShupleoRetd see
resi stance of said menory elenent. 5. The met hod .
neaferdidbtd @ capaitivelelenteat o whdreirate ast of dejsrimiging alogical
the 20 second tine period conprises closing and

s'(c)ar%g rc](l)gl%rlaseg (c)grr;l%catrfnogq:hfe rsgmptlgc? vgit'élge to a reference voltage.

4. 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.

5. The method according to claim 4, wherein the act of sampling over the

second time period comprises closing and opening a connection from the bit

18
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18 LLOYD WSE line to a sensing circuit, wherein the
act of sanpling further conprises storing the voltage
signal on a capacitive element. 6. A menory el enent
sensi ng apparatus, conprising: swtching neans,
coupled to a bit line, said bit line being 5
connected to a selected resistive nmenory el enent;
.capaci tive neans, _goupl ' ' ' i

I &SSO REn e U b Aes 8 B bk Lomgriseasering
closes and opens for a first period of tine, when

treaj dltdgletsighalorcacapaxitiee eletenge si gnal associated with
said nmenory elenment for a second period of tine, said

second period of 10 tine.bei [ [
per | B b ciemnb AU B ar g I g o o

§tored in the capacitive means; and sai d sensi ng neans
i s coupl edwiRhs@t theaapaoiutpled tore biislitesaiddns iing being
vol tage stored by said capacitive neans and

determining a logjcal, state of said ry el enment.

15 7?9@%Ctaér§%ﬁé;€1?§te§c’teé}s Ve LY g}eﬁﬁ%ﬁ(/\her ein said
capacitive nmeans is a parasitic capacitance. 8. The
appar at us 3psekideedrd, Ebapledbethecriaidsaviicisaggneans and
means is a ~ 20 sense anplifier, wherein said

capacitive means di scharges t.h%,st ored VP' tage .
sensing means, wherein sald switching means closes nid 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

said sensing means is coupled to said capacitive means for sensing
the voltage stored by said capacitive means and determining a logical

state of said memory element.

7. The apparatus according to claim 6 wherein said capacitive meansis a

parasitic capacitance.

8. The apparatus according to claim 6 wherein said sensing means is a

20 sense amplifier, wherein said capacitive means discharges the stored voltage

19
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19 LLOYD WSE signal associated with said nenory

elenment into a first input of said sense anplifier and LLOYD WISE

wherein a second i nput of the sense anplifier receives
a reference voltage input. 5 9. An apparatus for
reduci ng power in a sensing device, coupled to a
menory device, conprising: a first switch, coupled

sigaRigengFiererotth sa SRR Sareih st pdrpaPHE R sinee

second vol tage node and a to second input of the

arﬁﬁﬂﬁbf‘gm&i Whbtdin azseboié inpatpsfaht iseeseedrepbfier paeplesd t o
t

e first switch; and a second capacitive el enent,
coupled to the second switch, wherein said first and

refereaae veltrge Hidc| ose and open during a sensing

operation to store a sanpled voltage and a reference
voltage in the first 15 and second capacitive el enments
respectively, and wherein the sensing circuit senses
the sanpled vol tage during said sensing oper.ation, .a
wher 8i mmapmmm%%rgaﬂvemg&%%%%f%ﬁ% CYIGF CQ“H‘?J;EO a
period of time when one bit line coupled to said

fir i - .1:25. a vol tage signal associated wth
nberg(g{yeé%g&:kggn?@ﬁu@g menory cell for a second period

of tinme, said 20 second period of time being Iongec{ i
t han sai d affirsswitehi codipdéd biefsseen a first voltage node an 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 swifches close and open during a sensing
operation to store a sampled voltage and a reference voltage in the first
and second capacitive elements respectively, and wherein the sensing
circuit senses the sampled voltage during said sensing operation, and
wherein said first switch closes and opens for a first period of time when
one bit line coupled to said first switch carries a voltage signal associated
with a selected resistive memory cell for a second period of time, said

second period of time being longer than said first period of time.

20



20 LLOYD WSE 10. The apparatus of claim9, wherein
the capacitive elenent is a parasitic capacitance or
wherein the capacitive elenent is a discrete LLOYD WISE
capacitor. 5 11. The apparatus of claim9, wherein the
sensing circuit is a differential anplifier. 12. An
apparatus conprising: a plurality of row and bit |ines
arranged in an array, said row and 10 bit |ines being
i nterconnected by resistive menory cells at the cross
point of each row and bit |ine; ura

swi t BheEhe epparabits ailainy Puwhereij t E? C%WQIEH%\éleI’i%‘?ﬂtﬁﬁa
first end connected to a respective bit line, and a

p§ﬁ%§?ﬁdc ?988 NG RBreih PhAcHRREIVIeld/ENE & a Hiscete capacitor.
y

Grali storage devices, each of said plurality
of storage devices being connected to a respective
node | ocated at the second end of each switch; and a
vol t age source, mherein sai d voltage source applies a

vol t age birl thR&ending GEAUDSIS adifferential
> Ieas oprgﬁe%v\ggarﬁ% nelfrye}?\ﬁ}%rhlg SW tegh 0 connected

to the at |east one bit Iine closes and opens to
af@liflee. and store the 21 LLOYD W SE

12. An apparatus comprising:

a plurality of row and bit lines arranged in an array, said row and
10 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 a
first end connected to a respective bit line, and a second end connected
to a sensing device;

15 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 a voltage source, wherein said voltage source applies a voltage along

at least one bit line, and across at least one word line, wherein the switch

20 connected to the at least one bit line closes and opens to sample and store the

21



vol tage on a respective storage device, wherein the

sanpl ed voltage is sensed by the sensing device. 13. LLOYD WISE

The apparatus according to claim 12 wherein the

storage devices are 5 discrete capacitors or wherein

the storage devices are the parasitic capacitance of

the sensing device or wherein the storage devices are

the parasitic. . capacitance of .the hit line. .14, T
velfa ot BEeTRE B R aB6 SV e rsrRaPesaETes Siadd sensed

device is a 10 sense anplifier having a first and
b§@ﬁ@gg$hqpaévm§aid first input being coupled to the

second end of the switch, and said second input being

coupled to a reference voltage source. 15. A nethod

conprising: 15 applying a known voltage to at | east

one of a plurality of bit lines; applying a known

vol t ggeThe aplpat£as acendinyd t@claimrial whyreid theostordgendesyices are
said row and bit |ines being interconnected by

resistive nenory cells at thedfrosszgoint of each r ow
s dinereta cppeciterser Ehersin Ry SERBPHITALRS TR thpBIRTH jqpacitance

and 20 sensing the sanpled voltage. 22 LLOYD W SE

of ghet énggr%cﬁéﬁ'cé‘ Or VIRreiR theiBrage! dddiced alPé Sepaabilic

uni t;

capacitance of the bit line.

14. The apparatus according to claim 12 wherein the sensing device is a
10  sense amplifier having a first and second input, said first input being coupled to
the second end of the switch, and said second input being coupled to a

reference voltage source.

15. A method comprising:
15 applying a known voltage to at least one of a plurality of bit lines;
applying a known voltage to at least one of a plurality of row
lines, said row and bit lines being interconnected by resistive memory
cells at the cross point of each row and a bit line;
sampling the voltage on the bit line; and

20 sensing the sampled voltage.

22
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a sensing apparatus for resistive nenory cells coupled
to said s processing unit, said sensing apparatus

conprising: an array of resistive nenory cells, each LLOYD WISE

cell coupled to arowand bit line; a switch circuit
for selectively coupling at |east one of a row and
colum |ine associated with a selected nenory cell to

a predetermned 10 potential to establish a voltage

at a node of a resistive divider which includes the
resi stance of the selected nenory cell; and a sanple
and Hol 4 processing $ystemaephpmigingai d vol t age, wherein

the sanpling occurs over a period of time that is
shorter t of said voltage. 15 17. The
proceSS|ng?€9é gngggﬁgfggng to claim 16, wherein said
swtch circuit opens and closes for a first period of
ti me whenaaemsing lapperatas foraesitive sheragey seltpnalupled to said
associ at ed mﬁth sai d selected nenory cell for a second
peri econd 1 od _of .t.ime being
Ionggngﬁ é%?%s ﬁr§?§ EﬂgﬁgSPlt$ﬁgpn§6gmhereln t he
switching circuit conprises a transistor, the sanple
and hol d aRartayQfRDedbiSke namony tellsa@aﬁha&lltdwpwdl t@ageow and
at the expiration of the first period of tinme, and the
smﬁtgﬂﬁﬂg_circuit conprises a programmabl e switch

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

a sample and hold circuit for sampling said voltage, wherein the
sampling occurs over a period of time that is shorter than the duration of

said voltage.

17. The processing system according to claim 16, 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,

wherein the switching circuit comprises a transistor, the sample and hold
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18. The processing system according to claim16

wherein said resistive 5 menory el emrent is a nmagnetic LLOYD WISE

menory cell. 19. The processing system according to
claim 16 wherein said sanple and hold circuit further
conprises a capacitive elenment for holding said
voltage. 10 20. The processing system according to

cithdt Fﬂrégle‘g’fiﬁé Soft EQ %t 1Ht}/oeh dg hiG st #?@é&g}#gﬁé{?‘i@nd the

coupled'to groun n sal d capaci
conprises a dlscrete capaC|tor or wherein said

sw itphicigt dincstitedcanprisescoppograesmablepaviadi. t i ¢ capaci t ance
of the bit line. 15 21. The processi nhg system
according to claim 20, wherein said sanple and hold
circuit further conprises a sensing circuit coupled to
the capacitive elenent, wherein said. capacitive
el eniédit The proeesgiagayistdm acagrding snclaimflotwiRerese Bsidngsistive
circuit and the sensing circuit includes a conparator

H§nggar|%%ﬁﬁb g%%nﬁgcrnm£bgst 1nput with a signal at

19. The processing system according to claim 16 wherein said sample

and hold circuit further comprises a capacitive element for holding said voltage.

20. The processing system according to claim 19 wherein the capacitive
element is further coupled to ground or wherein said capacitive element
comprises a discrete capacitor or wherein said capacitive element comprises a

parasitic capacitance of the bit line.

21. The processing system according to claim 20, wherein said sample
and hold circuit further comprises a sensing circuit coupled to the capacitive
element, wherein said capacitive element is the parasitic capacitance of the
sensing circuit and the sensing circuit includes a comparator comparing a

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