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The present invention is related to U S. Patent

Application Serial No. 10/222,843 entitled "Dual Loop

Sensi ng Schene For Resistive Menory," by R Jacob

ke B Y gt Oy SR RIS

FIELD OF THE | W@%%ﬁg%@ f&TN@EM(?R% Liventi 0

rel ates to current nmeasurenen or exanp current

may be neasured to sense status of r esi st or - based

menory deyRESS-REFERENCRITE RE] ASEBIAVELIGATDONS

access nenory (MRAM devices, which store | ogic val ues

as resistive states of nenory cells. BACKGROUND OF

THE | [\EW] ON i@ sintEh@ntibnsh osdated me Ié)SaRptlcet dpphication Serial No.

resi stor-based nory array rchi ure called a

10/82%83&&& edr layal Laoe Srenieie,ScaFms o8 HegisfiviaBlermory,” by R. Jacob
r S i

mai e A8 St e Rlosty ARORE L HRRARELISE by by
rd%&ﬁcgﬁggnpf the columm lines by a respective resistive

menory cell 14. The resistance val ue of each nenory

cell stores one of two or nore | ogical val ues

dependi ng on whi ch BEL® @RIFHE IYyVENTIQN st ance

values it is programred to exhibit. A characteristic

conneCRBHET o hsprairat SHTer T i TS URA TIHGHEEPE By example,
curd TG b ‘fﬂléasm%aqsssén;ermg B RS BF R o ROt

ICe IS one approac enment

magh€fd- fésﬂﬂﬁ@ra@ﬂ%ﬁﬂ acd&'ﬁsriﬁébﬁor}‘ Mﬁbﬂé\ﬁhﬁa&h“&@cﬂi sble/Bgic values as
menory cell typically includes a pinned magnetic

resistizg etates of ns@neekeltagnet i ¢ | ayer and a tunnel barrier
| ayer between the pinned and sensed | ayers. The

pi nned | ayer h and a
magneti c aIignﬂéﬂ?KS?éﬁﬂgﬂﬁﬂﬁEggﬁqungﬂﬁggnﬁ
programmed to different orientations. The resistance

of 1 hFO@GIJSj MA3.9Sshows one example of a resistor-based memory array

architecture called a crosspoint array. The memory array 8 includes a plurality of row lines 6
arranged orthogonally to a plurality of column lines 12. Each row line is coupled to each of
the column lines by a respective resistive memory cell 14. The resistance value of each
memory cell stores one of two or more logical values depending on which éf a plurality of
resistance values it is programmed to exhibit. A characteristic of the crosspoint array having
resistance cells 14 connected to row and column lines is that there are no memory cell

access transistors in the array.

[0004] A MRAM device is one approach to i;nplcmcnting a resistance-based
memory. In a MRAM each resistive memory cell typically includes a pinned magnetic layer,
a sensed magnetic layer and a tunnel barrier layer between the pinned and sensed layérs.
The pinned layer has a fixed magnetic alighment, and a magnetic alignment of the sensed
layer can be programmed to different orientations. The resistance of the cell varies,
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1 WO 2004/112049 PCT/ US2004/ 017885 dependi ng on the

al i gnnent of the sensed | ayer. One resistance val ue,
we2@4/11840i gher value, is used to signify a |Pgr/tsS2004/017885

"one" while another resistance value, e.g., a | ower

value, is used to signify a logic "zero". The stored

data is read by sensing respective reS|stance val ues

th t .
deshilBEOIP e Aol b RS B DA RS e e .  higher value,
is ubéd & 31%@@59 8lodi®Fo é’n@’hﬂc L\.l%lih‘ér adsRtice 9AReNE o, LhBw wer val value is used to

absol ufe magni tude of menory cell resistan€é nee
sigify klogim’‘zeyal yThmmtmt dathé reed by tsemsieg r@pahﬁz‘t&eﬁftance valucs of
bel ow Bdﬁshold lue that is internmediate to the
mem@gy Edgﬁé‘ EFIPISERe %F‘?§13F9é’§F yaluge thusaenesst as logic states of the stored
dathonet hel ess, sensing the logic state of a MRAM nenory
&lenent is difficult because the technol ogy of the
MRAM devi ce inpose multiple constraints. [0006] A MRAM |
cel | regiggjantgr b§1a Rbgﬁdst?&
addr esseél)g]cel l. er to si%ﬁ%geo%lﬁgﬁ%(gh%%n&m of memory cell
resibtanee n@dnmlmlkﬂdwm jhatly edethelr sh¢ yiseaick ys gsodradliow a threshold
whi |l e, .the remaining rom;llnes and colum |ines are
valucetbt indnterpadiacin e | 951|Ct0§§@n dregiscicre resistansk ivadugeat N agetheless,

fr cell, ten uce t
sl BRL B 5l A AR YE) Lk 2R EIOBIERLIR, ccchnolopy o
thcMRAM@.HWCE‘%E@&U%UI@I@%ASH@E@ crosspoint array, as
di scussed above, incCludes no transistors. This is
achi eved by allow ng each resistive elenent to remain
el ect {0086y AdUBIA celh resespeetis samsedut ehecdcob@hurtine of the addressed

lines at all tjmes, As a result, when a nenory cell
cellj ln %'é‘r%é‘d Scnrsf: ﬂil% cell, §60§HHW{ emnsgted tojtha ¢qﬂclamp1@a&ﬂm<oundcd while

the %%ér Ding r OW q.n%f“l cq)ql[l Ot ) clgggo gﬁ{ blbﬁ{'vofqu&ducmg or

chrrgﬁa‘x/tiri-‘getraﬁJ"QOB' f%}nraexﬁl:&b%n@&l éhﬁ& fo RAficA the B8] ﬁreﬁ ?é;tﬁlé&fmcnts,

about” 1M An elenent ina |l ow resistance state

incrcmgttamg dinsizpend r@bRingkSEts. Aheelldiffaf @oespoiralarray, as discussed -
resi nce between | ogi c .one and a |ogic zero is

aboy¢, jac u ?f'p‘?% HRPSisteBo flﬁhls i5 pdigedalpibailovgmg sacl eegiseive element to remain

clccﬁ?&ﬁg gbﬂ CM toFe %(r:]& ICnI% ol }f 9(%e ac oeséf’)aéa ense%é alrssdﬁlre when a

ari es out’
merBf @llds 5agLE, i7 %raﬂ’scﬁﬁlﬁhﬁéi by 9R81AEhesRRRAAC AL &&h through the
sensi ng MRAM T esi stance i s 0 I'ntegrate a curre ‘
other memory cells of the addressed row line.

[0007] Ina conventional MRAM device, the high resistance state has a
resistance of about 1MQ. An element in a low resistance state has a resistance of about 950
KQ. The differential resistance between a logic one and a logic zero is, thus, typically about
50KQ or about 5% of scale. Accordingly, a sensing voltage across a sensed MRAM device

varies by about 5% of scale between the logic one and log1c Zero states.

[0008] One approach to sensing MRAM resistance is to integrate a current
corresponding to sensing voltage over time, and to sample the resulting integrand voltage.
This can be done by applying a voltage to an input of a transductance amplifier, and

accumulating a current output by the amplifier with a capacitor.
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corresponding to sensing voltage over tinme, and to
sanple the resulting integrand voltage. This can be
waloove/1ipp4appl yi ng a voltage to an input of a PCT/US2004/017885
transductance anplifier, and accunulating a current
output by the anplifier wwth a capacitor. 2 WO
2004/ 112049 PCT/ US2004/ 017885 [0009] FIG 2 shows the
t heor et.i c ge of voltage on such a gapacitor wth .
time. T@H@%i nﬁfg}]nf ehest gﬁﬁﬁg%ﬂcmgae&wﬁvﬁ&gem fugge capacitor
- ..\Veca r fr n..initi age V., ..ot . ..
wit 6, SRRt S baee DREUR SRt Hota? s kel a8 an inital
vohag@ivn etb RtefeRAck RBMAgOT tivRelatkd 20 SRIGS I3 ApRIR b HRinput of the
[0016f A conventional sénsing techni que conpares Vcap
transifltdradreefmplifidrowi ng  V,,ap to increase until Wap
exceeds VTe f and then discharging a capacitor until
Vcap i s agai bel ow Vref. Pul ses indicating_a

n . .
conpal P94R 11 edisonventipnabseasing: teehnigue ga@priss e With Vi, allowing

sensin vol tage ich, ipn.tur i ndi cates an . . .
Vordb dnsitee S a et et e el e Bog R BB Srapgl Voo s again
bel W &N . IFNQS 115 h AESHPME RN G e HF ENObACSRPRY td IndAShicQle sensing

BRI EF SUMMARY OF “THE | NVENTI ON The present invention
voltpggwiidels, iheahmiindiestes an whenemtsuesiemc ssatppPiabderhoadse, however,

capacitor during_and discharging intervals are set to
whegy lpgger coppginesumudare during dsREPHGSISTIRH- exenpl ary

enbodi nent of the present invention, an NRAM cel

| ogic state isp$sy ' ' cell so
as to forma sgﬁ'ggﬁmﬁbgﬁfg@Wt hat is
~related to a resistance of the cell. The sensing

vol t ag@ei fiescl Phvic@tioh PravidesiRubnighedint Whith CORGHE! APHBed to a

anplifier, which outputs a sensing current related to
capaditer derisgrgdvdisdbarging itervelsrasé say towdieemtouings.i nt egr at ed

over tinme to nmeasure the sensing voltage. [0012]

Duri ng.j gration, the sensing current is med . .

't or RAPELY °\ Btdorineid SR TG mght g Rrsent invention, an
MRCAWIrcgl?io id DG PRSLAY ByTonk ing UHEH gééﬂ doN8 to form a sensing

anpli g0 VSensi ng current “charges th capaci tor until
volthge for68alie call tleftds edlaed ¥ohtrag@ana st thbesll.tTige sohe@gtvol@ge is

current sumred with the anplified sensed current
appli¢dchan ippaitiofie toaseeridustangaapdplifier, which outputs a sensing current related

to the sensing voltage. The sensing current is integrated over time to measure the sensing

voltage.

[0012] During integration, the sensing current is summed alternately with
cither a positive or a negative current. The positive current summed with the amplified |
sensing current charges the capacitor until it exceeds a reference voltage, and then the
negative current summed with the amplified sensec{i current discharges the capacitor until it
is again below the reference voltage. Pulses are provided pcﬁodically to a digital counter,
with an UP count pulse provided when the capacitor exceeds the reference voltage, and a
DOWN count pulse provided when the reference voltage exceeds that on the capacitor. By

comparing the count value of the digital counter to a threshold value at a known time

interval after initializing the counter, the logical state of the sensed MRAM cell can be
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I's again below the reference voltage. Pulses are

provided periodically to a digital counter, wth an
woRogowy pul se provi ded when the capacitor expeBUS20041€17885

reference voltage, and a DOM count pul se provi ded

when the reference voltage exceeds that on the

capacitor. By conparing the count value of the

digital counter to a threshold val ue at known time .
ascertmnédv%ﬂ the magnitude Of ROPEVHELEERE 13 Siavataine t??éOWcSB‘F Bggative current,

that%@i LTSE‘];)(B;?‘EE% gg’granggRg M} Ceoluln grai? ]arggﬁo%c% i]l}ig?tge count over

cachoéaﬁilﬁhng‘i)c@iéﬁr.em I's maintai ned bel ow t he negat ive
curren that is, lup < ldown, then the range of the

counter is inproved by reducing the count over each
sanpl [0Q1Ppr iTekse pAA bBjer Teeraeesand adyhﬁngésem"tuhbélsvmmi@n will be
advant ages of the invention will be nore clearly

morg sleerly vadarsteashiromethe dplleinglcgaitesl deseriptéamrviich m)rowded in
whi.ch rovi ded in nnection with the acconpanyi ng
C"“%‘i‘%“ﬁ’&?‘ e‘mcéﬁ“’@ééﬁﬁﬁﬁ%‘@(} EOF THE DRAW NGS [ 0014]
FIG 1 shows a portion of a conventional NMRAM device

usi ng a Cr OSSRENDEYCHIPECNIGF T8 IPRAWINGE shows

an idealized tinme versus voltage plot of an integrated

vol tage according to one nethod of sensing MRAM cel |

resi sf@dkt4] [HIGLA]shewG.a Prebowd axopentiaml MARAM device using a

magneti c, random access nmenory device; [0017] FIG 4
crosggepsarghiseitticon of the FIG 3 device during cell

sensi ng; [0018] FI G 5A shovvs a sensi ng circuit of

TG e TN T e —
Volt ot &betdlﬂl t& b n@ﬁhod %F%&Wcﬂ@eﬁm a digital

oceSS|ng system i ncorporating a nenory devi ce
having a sensing circuit according to an exenplary
enbod[ 0@hé] of Fihe ghroeserportionwdatrnagnetic random access memory device;

[0017] FIG. 4 shows a portion of the FIG. 3 device during cell sensing;

[0018] FIG. 5A shows a sensing circuit of the present invention in block

diagram form;

[0019] FIG. 5B is a set of timing diagrams for the sensing circuit-in FIG. 5A;

and

[0020] FIG. 6 shows a digital processing system incorporating a memory
device having a sensing circuit according to an exemplary embodiment of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

[0021] In an exemplary embodiment of the present invention a signal
representing a programmed resistance state of a resistive memory cell is received at an

amplifier coupled to a capacitor. The capacitor is further coupled to a comparator coupled
4



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] In an
exenpl ary enbodi nent of the present invention a signa
WO e@res®id i ng a programed resi stance state of PEI/US2004/017885

resistive menory cell is received at an anplifier

coupled to a capacitor. The capacitor is further

coupled to a conparator coupled 4 WO 2004/ 112049

PCT/ US2004/ 017885 t o, a refer.ence wvol tage source .and .
to a gRRSPEF Malgsy oy Bk oMUt Tieo S dibfomparator is
coueYRb & ?zalr%f%wﬁ’t%hés. of sttt oniecls! ar%asi@@ duftFenk QBRRES the

a positive current source to the capacitor and a
capasiR6OAt 5¥édonid starhaevhacas aegahtinscuttont 8otirce adnthe cipcitor. The

the capacitor. The conparator output could
comphiatereitpuerquidaltematizely d¢ qoangctsil figlasinglf swiich Haat connects to

R S e L L2 LA GO B gt
negti8 kR SHL&! tfl'%?%ﬁﬁé currBft PRSHhiYGvith tﬂlrligktnsmg current from the

Integrated with t ensing current from
amp8fipd ¢Hairgds thbasgeot hed dapaciatioe catrent inecgregatwive the sensing current
_current integrated with the sensing current
disclirgenthegepadites. The autnuss of theecasupasesos aest further coupled to an

Up, AR e i i B GOl R S s e
posititeL UGS shlifce BRShddakfe ewréﬁggg&u%&%émcﬁgg afttinount of

current sourcé an e swt The anount
posift@stirrate i€ képreidlow shk epbubebbuegdadiee anmnunt, thit indgat Tye. The
current, that is, lup <-down- The UP/DOMN counter,
UP /d3VENneoumter eeintins ¢ digial slge pequiresh@ver a ssmppng pgriod for the
eriod for the mnenory cell. [0022] FIG 3 shows, in
men ¥y &frati c overview, a portion of a menory device 5
according to an exenplary enbodi nent of the invention.

The CLG@U%}; YIS @WholWR, fl heRati@BYerlely Qﬁ)d'rﬂl)ﬁ%rfﬁtrﬁé}nory device 5

on on trate. A crosspoint array of resistive

accodifprty agedxkmplay caboligetest the ifivationheShs cioaeryashosn in FIG. 3
particular nenory cell may be represented by a sensing |
may | bedgtegratd ogecncctbstratsc Airdesspamt apnag pf sesstivampqupory cells is

ells 14 a plurali of. aced electricall .
confiyied sp s HrBupn et i R SEpaRy 5T PV OR “shisaepped by a sensing
volt%e.e lfé §&lideys GRNIMNGLH\4era6 ¥ SIMIRANNRHs 14, a Ehﬁahtly of spaced

urality of rowlines 6°is disposed substantially
eleceichiogamhickiye towtlines p) atrdad pluyalitpfof spdaedieldciriedly tAnductive column

defining a plurality of overlap regions_at the .
linesy & pébe plaraliyf gpivdines Bris disposed substantially orthogonally to the plurality

of column lines 12, defining a plurality of overlap regions at the respective crossings. In
other embodiments, the row and column lines can be disposed in oblique spaced relation
to one another. Each row line is connected to each column line by a respective MRAM
resistive cell 14. A plurality of switching devices 51, typically implemented with transistors,
is each coupled to a respective one of the row lines 6, to a first source of constant potential
(ground) 20, and a second source of constant potential (array voltage V,) 24. A control
circuit 61 includes a row decoder, and is coupled, as illustrated by dashed line 62, to each
of switching devices 51. The switching devices 51 are adapted to alternately connect the

row lines 6 to ground 20 and to voltage source, V, 24 under the control of control circuit
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ot her enbodi nents, the row and columm |ines can be
di sposed in oblique spaced relation to one another.
weEa@h/112ow9 | i ne i s connected to each col umm | i NECDOYSH04/017885
respective MRAM resistive cell 14. A plurality of
switching devices 51, typically inplenmented with
transistors, is each coupled to a respective one of
61.1 Ce% oﬁ’t\_’gl l'cﬂf:ﬁit%lnrg; i " d éaa%(i} ozggitggi&gde%?c%%?% a default row line

po I grou source

gro@RItet @diheH. eOfitBhing AetRY 52l RER AL side oﬁs&fa&&ﬁ&gldaegice 51 when

circuit 61 includes a row decoder, and is coupl ed,
rowid4 ssstleatddubngdashd dydle.nA faralitppofenkingaircaits 50 hira1gespectively
devices 51. The switching devices 51 are adapted to
COH’&‘W@?F&F@W’%M@&- the rowlines 6 to ground 20 and
to voltage source, Va 24 under the control of control

cont r 00023 of BOY? AR (oo ER PAr G YRG0 sal volase

that@ﬁaihfhri]ﬁ’s @efvaubhs El@!’fri!c%ﬂlrtﬁ)tcx%ﬂy&dﬁﬂicﬁ qRd i:fr'hﬂ? O}S)er_atcs The power

Swtching device 52 ill'ustrates the state o W t chi'ng

- supplgdiefiresSthredyotentidwirelhdisg s grewid gdottutiahP0 2 @petating voltage V. for
cycle. Aplurality of sensing circuits 50 are
the ¢iggpeelementsyand gimedltags @ 4cennented;as éadigated pboya] Imone

imp BT R P bR o B Rl ar i ous

el ectrical potentials at which the circuit operates.

The ppyer4] SupPilG, dekileaed rbwamet BRhb#h TIPS G Ritage V, 24
ground potential 20, an operating voltage V' for the

by selectedistvitehimgeduvice 58ndA pheticuddrtaddersiéal @Aumarnirtec3@df dse plurality of
i ndi cated above. In one_ inplenentation, the voltage

colugan biges 2 isgdoskonay: el'ye Brsyend of thowpaqd memmryseel} 38 that connects
sel ected r.ow.lin 4 is.shown, coupl ed.t.o the,voltage .

the G Ry Y s oGBS pp MR S0 Ba 39S Al BsRatfErA respeciive
ﬁ@éx‘?c%%@%(ﬁﬁ'dﬂ%?hd ' 28catd i 8hi )gJﬂH&

Sc:nsl imes 12 is al'so s‘,”ﬁg\e/\cn? s;'I'hgdfjigtr%g]t'QJ engh%fw}tfﬁfeS)es{[{éﬁ1 ed voltage of the

columembing 30 e¥ith 88pt¢diad geoumb20s the sel ected row | ine 54
and the particular colum line 30 is also illustrated.

A res ive sensing circuit 130 is operatively

con neE&iéisi/o P@dﬁﬂ?ﬁﬁtﬁlﬁ@céﬁﬁt&m@é‘ﬁﬂ St h8»\76h tlgh2 of4, 46,

t.ne cpl in Wit h respegt+%0 ground 2 0025
fornf o PR bl Pty B bt SRR A 1 eBRE 18 beigieeithe column
line 40.2hd % Adp&bive Hﬁﬁm@ywr@w%&% 8t PchtB® 1M Akt BF the one

menory cells 14, aré connected between the ‘col um
connected to sensed cell 38, is grounded by a respective switching device 51. Thus a
voltage divider is formed by the parallel combination of sneak path cells, e.g., 34, 40, 42,
44,46 connected in series with the particular resistance cell 38 being sensed. Column line

30 defines a sensing node between the sneak path cells and the sensed cell 38. The sensing

voltage at column line 30 is coupled to the sensing circuit 130.

[0026] In one embodiment, the resistance of selected resistive memory cell
38 ranges from about 900KQ to about 1.1M€Q. In various embodiments prepared using
current technology, memory cell resistance may be found in a range from about 900KQ to
about 1MQ in the low resistance state and from about 950KQ to about 1.1MQ in the high

resistance state. In a particular device, the low and high ranges do not overlap. Itis
6



line 30 and a respective plurality of row |ines 6.
Each row | ine 6, except for the one connected to
waengatoeel | 38, is grounded by a respective sRET/URIONYG017885

device 51. Thus a voltage divider is forned by the
paral | el conbi nati on of sneak path cells, e.g., 34,

40, 42, 44, 46 connected in series with the

particul ar resistance cel|l 38 being sensed. Colum,

unddritoed thar aibyhneasdn ghestesbneloes of sheessisaencellipay yichk dfterent

s B2 BoSFbe e BSe BEBRIR s VEIRAGef oot

[0026] In one enbodi nent, the resistance of sel ected

resi Sfdm’\}gl.? @ﬁ(yiséﬁla%bnsgg‘gaﬁ%&@&?sﬁl 1:APLARAIsEd WAKDRIAM to sense the

about™ 1.1 In vari odi ments prepared using
Voltéfg%rahdrﬂmﬁ gediogicagite ofamenopetdll readisihandehemyt bffset. For example,
found in a range from about 900KS2 to about 1MS2 in )
in thelewl rosistanesi satanths ispat ¥oltagd to thersetse ampiiformay deabgha mV and in
1.1M52 in the high resistance st I articul ar
the ighiree RSB G aRGE Dt 23 Gy SpF dptuaf Hefl to'be
6 2 4 / et
sensG i A et R B0 PR o UPAE SRR, ot cirenic 130
redu¥éLbielFhinh @k @RE offSed Fiozh ARE Batd dripRs vbRagds),ahat Bethe roughly 2 mV
present invention nmay nonet hel ess be effectively
comapm toehbth[igpariolAagasi se shapi ng based sensing
anplifier used in a MRAMto sense the voltage and

s PGS b BT e hbel o b iy AP snd
DGR 3 P G a7 P ERSSTOMEL KU BB et un

countet hideo@Yine ehZndrhBe MVt UPHand MO NS [gngdnet# the counter must be
sensed is the difference between these two voltages or

largabmutgh2@0covint Sensiangneirang wird@em yadescdist egn occur in a sampling

.elimnates. the fset fromthe data (input voltages),
periqd, Jforjcxamples ng%ﬁfghqc&}més FRFrCSPORSA Q%gﬁgfg}ttl}cnvah{eai% tPrk’counter by

t -

one LE11 9P OUAPEBlPegatspuile Sl ffe e 8BRS s by one
1). Tigddgubace DN ekl Mi-aghieartotlespdirlsabaeivengs of ¢80 Gtdrel /3.

size of the counter used to count the nunber of UPs .
Reduacidg Bovnsctihas geneffest of trslusingrthemaimunpealug ghageoccurs in a sampling

.enough, to, count the nmaxi pum and. m nium val u t hat,

perigdn ol i LsF 5 (iR DHaO0! el aaeet thiss b
counts correspond to increasing the value in the
count FﬁOfy 1 At the end of the sampling period, the count value indicates the

“ proportion of the sampling period during which V,, exceeded V,, and this, in turn, is a
measure of V;. The count value need not, however, be equal to the indicated proportion;
for example, the offset can be reduced so that a count of zero indicates the proportion

j

when at high resistance and a higher non-zero count indicates the proportion when at low

resistance.

[0030] Compensation for the offset can be accomplished by adjusting bias.
currents used in the sense amplifier. A positive bias current provided while the capacitor is

charged can be set below a negative bias current provided during discharge. For a typical



one (+' 1) and DOMWN counts correspond to decreasing the

value in the counter by one (- 1). The sequence 1 1
wa2m4A120494 hen corresponds to an average of (4-PJT/6S104/017885

1/ 3. Reducing the offset has the effect of reducing

t he maxi num val ue that occurs in a sanpling period,

which is three in this exanple because of the initial

string.of three 1's. [00 9 At th end of the, sanp]i
sengrepBficritndungian PPRFE A arEaBe f HHoPOS N Regr i bles currents

R R s T R N

val ue need not, however, be equal to t he i ndi cat ed
pr oporfigioa1;] FIG. 8@ embbliEn@ftrehe pedicEINV RIS th §Rich a
that a count of zero indicates the proportion when at

senking kirceis 490 dnas en amplitad 1) ghmecmdrto zerodumodinte 30 df e atsessive memory

ewSSrfoh S P#FaPeH FREVORIEGHAY S 3B Sisstad Gnbelugy line 30.
CofiRhL 38 1PLES condH LA diotaed eﬂéﬂh 5 SEHR pIIBLILART30. The

positive Dbias curren provi aci

senbifig cfbdit 200 ifARdOe &RhscBRi@aRccegFlifier e 101, TheG¥ddseMductance
provi ded .during discharge. For a typical 7 WO

amlfid4/hag 2 0@sieCiind8a0 @4/sa el 8’% a gure 4ddphitbiieat amoutput node 416

o B S ol o
t fI
e L5 YA P oMo AR o o e

420'6f £ Bacit6£n32 N8 aCﬁﬁsﬁ e 404 diT@S:kined RBHpafakBr 426, to bias node 428
connected to a col um ine 30 of a resistive ITEITDr

of atexeine eourda ceadt ¢80 sank@Eptioasilyttows ompot $32 elf Iansa&alcg preset circuit
ec lum | i.ne 30. . Colu line 30 i.s al
43%35@&#@%%@% Qi e, s ioR o &he azalng QEFSBS/CIF%%F gy beerformed by
|
2 PPl KR RE AR Oldalah SARURE LEFhraling a separare analog preset

cuc&l’fﬁidri‘ct&%arbas a transfer function gin such that a
current 414 output at an output node 416 of the
anplifier is proportional to a voltage Vin applied at
an in d@K)SﬂddeClbmﬁlam‘tOt #26 haspro bugrutS,uwlecrc output=44# i\shown with
n. The ou%ﬂ) atggde 416 of the anpllf % cte
an igerieripBglcatPat 1EarBedioeatv(aRprrss gl Siate it 445.
4 t a
Mtéfﬁ%%ﬁé}g,%@l&ﬁ e@%SC LORK S iGPIRR] & tBﬁlZ@u’ antgh?‘l@i The Qﬁﬁ)ent source 430

source circuit 4 opti onal
is algptad t® ulcdrmhred3dipply anwithdlaga pli@sed frémr thdifirst capacitor plate 420

according to the state of a pair of switches 464, 466, which are open or closed depending

" upon a feedback to each switch from the comparator 426. Both switches cannot be closed
concurrently. The clocked comparator further includes a second input 438 adapted to be
maintained at a reference voltage V, ¢ by a reference voltage source 440 and a clock input
442 adapted to receive a clock signal CLK,,,,. The outputs 444, 445 of comparator 426 are
coupled to switches 464, 466, which could be transistors that control connection of I,
(positive) and I, (negative) current of the current source circuit 430 to first capacitor
plate 420. Switch 464 is coupled to output 444 of comparator 426 and switch 466 is
coupled to output 445 of comparator 426. Outputs 444 445 of the comparator are further

coupled to UP/DOWN inputs 446, 447 respectively of a clocked counter 448. The
8



434. 1t should be noted that the function of the

anal og preset circuit nmay be perforned by a properly
waeonititgponed transconduct ance anplifier 412 makPemyus2004/017885

separate anal og preset circuit unnecessary. [0032]

Conparator 426 has two outputs, where output 444 is

shown with an inverter to indicate that it is the

egative (opposit Qgi cal . state) of output 445, .
clocked epies %fﬁ&i,cs a&fqy{!ﬁ Bﬂﬁ:vi%glﬂ Rictss i ieind 6?1%%F<aunt output
QuUt Pyt 44 . 2 . is adapted to
454&??@#’#&%@ 9I%E§ggf§{gétspé&’lt§ﬁg;l§% zg?éc?ur rent fromthe
first capacitor plate 420 according to the state of a
pai r pHo33Y t dhespetliton, 4Gfescthbliedt €stoblhcracedsd Esheitor 422 by

dependi ng "~ upon "a f eedback to each switch fromthe
the aipapatsarciddd. 4 Botthdipniat plees vabreiotsthdisbhed sethe output 454 of

concurrently. The clocked conparator further includes
counfes 448 My 3 Sigha t@esuaaéﬁpg@f 9&65@% iPEEssF H@dltéigza

reference voltage /ref by a reference voltage source

440 a I L apu r lve.
o1 gnal O0E Bty thas S0Ep RSN Het 8 BE EhiBr 3255 Kless than the
refefinBe vEIRARI®d 4 gﬁ&i’\ﬁtt hR{8cAHRtinpbh38 Wik c&aphdtdiet26, the inverted
transi stors that control connection of |I.P (positive)
outandt44oeivhe coagatitee}26 will epplyafcorfespending TP sguutee the input 446 of
circuit 430 to first capacitor plate 420. Switch 464
the digitabeqymnger 443 susqamas4hg clock drpgAH4 of the somprgatenigepeceives a

66 | coupl to_ou r .
cloctipat ws it dih’ SyHhEiAs, 143, iepf RREABH pitRo applicd o borh
itCinRl6ad 468 LIPEREN b Gurddh® 1resiPegi Metordaigl@ while V,,
el ocked courntpgr 448, The 8 VDS%%%ZICHZMQ BIf} while Ve <
V. RATHISD B4 @2d 886 switchelcsds opumtind thachargmg @ircdns¢& capacitor 422

. _input_ 450, a preset_input 452 an di gital, ¢oun )
is Tnotlpufheny svhen iy idiVing ORI fiéf*iapa 4e R %“&FC%o%‘?‘% gad close switch

o0 seSa sl PR R F b o b0k 420 B0 ez

circuit 434. A digital preset value is established at
the opo@z4] 45PhOfoltage Wil Bl Apstitdy 4225 isgf@bosle B Siolth@threshold
applied at” the digital preset input 452. [0034]
defidst byritegrefdremcet wodtage 85 g bpplisidta depuwrt 3%hef capparatarrd 242 Thereafter,
is less than the _reference voltage Vref applied . at
the yoliags CTLSRBATHSAL SIS fa TS HAF AEIGFK pglitiphds detected at clock
. Inverted o 4 f r 426 -\ |
opl Do A R A 2R BB s o
outputs 444 and 445 of comparator 426 toggle (e.g., from “0” to “1” after inversion of

output 444 and from “1” to “0” at output 445) and apply a corresponding UP input at
the input 446 of the digital counter 448. Responsively, the current supply circuit 430
changes state to withdraw current from capacitor 422. As current is withdrawn from
capacitof 422, the voltage on the capacitor falls to, and then below the reference voltage

v

r

. level. Thereafter, when the clock signal at input 442 of ;:omparator 426 transitions, the

comparator output toggles again, but this time a DOWN signal is provided to input 447.

[0036] Counter 448 cyclically counts away from its preset value and back
toward it. Consequently, the counter counts UP and DOWN during alternate charging

and discharging intervals and the time average value of the digital counter or the value at
9



the digital counter 448 as soon as the clock input 442
of the conparator 426 receives a clock signa

W0 e@ns1204on. The out puts 444, 445 of the conpaPEl/U82084/€17885
al so applied to both sw tches 464, 466 respectively
of the current supply circuit 430. Accordingly, while
Vcap < 'Vref switch 464 is closed and switch 466 is

the SA¢ A e inbinghanog g oLl Apparainats ot oF o valias zadugh Yalue for a
low?%gs?a:{qtﬁ“ea}lgtﬁ 16@14va?19éjfo(fla%§l% f‘f}%stagc 466 respectively so

i scharge curre om capaC| tor 422 is in -
| down [0035] The voltage on the capacitor 422 rises

above[ 0087V ol Avgerctinbesd)@ubtentlél4 fiveh bye ihplifief £1284d with the
vol tage Vref applied at input 438 of conparator 426.
currEhisrdéd), #62 from the velrerigappl ccrapaéré’toan ad:QQrdaonc mitherhe tswitches 464,

s S 2 S e gy cru
430! ﬁ'%ns%#tgé e cﬁ? ehP %Eg %lu(t) %%Eﬁ a(rrqeﬁhﬁctilgl}lf&hagh? tcﬁ:ﬁ‘éi %anator 422 so

conpara rom

that@hpLitor A2S! Hlafits Qﬁoch}iﬁ&W tthdhdt anRehdrg&NConseq@ently, n%rc rising
out put 445) . and apply a corresponding UP input at the

transitipus ofide cimparatod iclyickalgnaborrue whilé 8he Rekpgmen vepay:ttor 422 exceeds
the current supply circuit 430 ch state to
Ve SRR SUEFEAD o HPCapsdPIBRCesp cValtagg dpegpasitor 422 will risc to
the Bhitf Wht%or tb];cacﬁF@ha %’D@%% éQ{UﬁsA' &%b eé Bfie ¥ ci( rt?:fl] id B6ufficient to bring

apaci erenc
the Véltdg@ AT the/k acit@i«/ 2D2 behsy ﬁﬁf&&&cnc‘éﬁ%[tagb e(?éh@@l&cﬁﬂ)ﬂ Ak voltage on
at input 44 conparator 426 transitions,

the capapisorzis abowﬂputfetrcxg:glmﬁag@ﬁnmnulblpte ¢dnsscummmnmmmons of the
gnal is provided to input 447. [0036] Counter 448
ClOCgycl ically counts away fromits preset value and back
toward it. Consequently, the counter counts UP and
Pnt or (7368, FHRENTCRANAA M0 R aA ENRQLRr 460, 462 which
are Gpheir&d sd Hifit et catren® MOP2HLddL LAB4Eht sources 460, 462 can, for
PCT/ US2004/ 017885 the end of the sanpling period
examploubcl switglres thateare abwvays ofr, pravidiag ﬁeg cuﬁChththralls,umrrcnt sources

460, §6 Sy hE UnpEBRSPHA Accifis dhasDRREde OaF oEmOIF IRt that ar
alwa#rp Snﬁp‘ﬂlxe Ld fBlow #25 i Sr? t}%fyf (c:luaﬁts Afgg'[ d 800Se #H0wh AR is t%)smblc to

curren I N accordance w

confirBEthe\Wut@he by 464nging €Be beltdpe peiramdistol’ogate. Wt hout
the bias current supplied by the current supply

circuit
[0039] Using current source circuit 430 in which the magnitude of I,

(positive) current is below the magnitude of I, (negative) current reduces the average of
the number of UPs and DOWN:s input to the counter per sampling period and thus the
size (number of bits required) of the counter can be reduced. This gives the counter a

better overall range.

[0040] By adjusting the magnitudes of I, (positive) and 1, (negative)
current, the center point of both the sense amplifier and the counter can be moved. When
adjusted optimally, the counter output will end up approximating zero. That is,

I+ Vi~Iiowa results in a centering of the counter so that the up/down counts for
10



430, the sense of the current 414 out of the anplifier

412 tends to charge capacitor 422 so that capacitor
wad2p4aivanges nore quickly than it discharges. PCT/US2004/017885

Consequently, nore rising transitions of the

conparator clock signal occur while the voltage on

capacitor 422 exceeds VCefthan while it is |less than

Vlef. In so i nst ances, . the VO|t§%f on capacijor 422

differgnf pesisrancevalucs gl hays sallgs apimie Hid tVARies and, therefore,
I r.i 0 lock interval is insufficient to
the P taf Y BACIERS

he "'voltage of the capacitor 422 bel ow t he
ref erence voltage. Consequently, the voltage on the

capaqigloa1 ] s FaBOBB shB®s defepiiR16eer\itht ag ehd BehadridfRhous signals
consecutive rising transitions of the clock. [0038]

in sefi3ing eirtuis 400ckn boticdiagrag8Qtiess tlongabe henizostliaxiesin the upper

460, 462 which are manufactured so that certain . )
diagrag. thasaliiae phawys degignalpp &hg CapggiteRYhap 60 algitingh bias current is

f | b i tches. . ¥ . .
R e "
(depfteld as*Bdo®ed iRE irt AR @PPRAURErAR) €d [Hewab® thdetark® 6h HE capacitor

one or nore transistors that are always on such as

over ftinhd nerch. anAtxtrentthii thel apadior ovill et bewblt tredisdedgé below the
which it is possible tq control the current by

threshilchiy qqﬁnslﬁec'? 5k legAing torenung aFater thapgerq-gygater amount of

ing. current sourc | e U 30 i LG .
negaiii e Br DY Fo SRSy fom ALR AR B depicred by the
dashBRIAY deli%t%d‘?ifne?1 SO pdstB@adurieat. THIE k@Rlts i ¢68Btek MRt approximates

average of the nunber of UPs and DOMNs input to the
zeroCPhabetpper thanphitey(petcpadedincthe thpgtarh eliaggame begimsiet, at a preset

i g S B e 0 SRS 20, B2 NS TR
inc GR35 O e P CORSIA R) o DOWN

cour €ASMaBBPEddrteF canlisk i5td KerMideghe eRRiie@mEER is Yhen
adjusted optinmally, the counter output will end up

approxi mating zero. That is, [|"P+&V;f'Zl down results
in a [0942dr i Kgr ofarnple, eingrecqed antaunttdid,. amddaws the counter
/112049 PCT/ 885

counts for_ 10 2004 US2004/ 01
outpyf fqrey logical E9PdOARE BIEfwIcaRanss PG L Rl iR FGRPutPuC for a
lOgiC%%%%l%%%V&LiWC@mghtt Rl &6 5 ing uhQ&u;ﬁ%%Lﬁ{ts Siaﬂp h&d Tiown the
counter output for a logical zero (0) might be 0 and the counter output for a logical one

(1) might be 24. A significantly smaller counter is required — a six bit counter may suffice

where a nine bit counter might otherwise be necessary.

[0043] FIG. 6 illustrates an exemplary digital processing system 500 which
utilizes a memory device 17 employing the sensing circuit 400 of the present invention
disclosed above in connection with Figs. 5A-5B. The proccésing system 500 includes one
or more processors 501 coupled to a local bus 504. A memory controller 502 and a
primary bus bridge 503 are also coupled the local bus 504. The processing system 500

may include multiple memory controllers 502 and/or multiple primary bus bridges 503.

11



[0041] FIG 5B shows diagrans over tinme of the
behavi or of various signals in sensing circuit 400.

WO poobotde4di agrans, tinme is along the hori zont aPCHKER04/017885
In the upper diagram the solid |ine shows the signa
on the capacitor when no additional bias current is
applied. There is a tendency for the positive current

applied by Iy, 4 vig switch 464 . (depicted, as a i

Thejiemary cphofsy 5%%@&P@Pé@r%%ff‘£gc% B2 beripiegrated as a single
on the capacitor over tine to such an extent

dcvf%g{(%?he capacitor will not be able to discharge,

bel ow the threshold in a single clock cycle, |eading

to a qooal4]or FakhehbFtonioler OB LA EEO 8 08¢ or more memory

negati ve current can, however, be applied by |Idown 460
buses 0BwEnclh mkeforydssdeqipts mdmivyy thmpodersts & 8amdhidoirichdie at least one

l'ine) thap_positive current, This results in a counter
MEPREY dGeH Dz toatiindudessensing siscwt ¢80+ Eagh ek dpemosy cerggonents 508

maf 0 T Efoh b By A RO A BAUR DR o Bhe bl fncinjes nctude single
inliG@H¥mMdr§ nSMaEABINAV Y artPA8d13Aline MemoRRelbdul SHTSBARIS)N The

t he count: (+1) or UP count, there is a correspondi ng
memecy easpoferity 568 npEVilcluclo wnk .orAnsradddéiorabdatviees $3h Ber example,

. used. because .t he i, um count, is +1. [0042]., For,
in ag3l i @r D@%%ﬁ%‘ﬁ%mﬂgﬁﬂ%{m%ﬁn@}lwaﬁéo gWrrtoRegnemory, such as

| 0gi cal hi
« sefP e LIS BL Rt o BBl Pn PGSR ay ego be coupled
to d @@hé tlenft§ J05). Dhe LRWe he&h EyfjﬁUBerr?}f] BBtthOenk3Qchdsidifory in the
wn e

unequal andunts of 1,,, and I'do count'er out put
protasing sysgine aAltereatvely) othérghvides, for exranplheprooessomsr501 may also
. oytput for a logical one (1) mght be 24, A
mclgﬁa rehedapmPEpics SHlFiF e PR G Brcapie E@&yﬁyewth caclag megpqry 505. If the

£i , . ¢ . ‘

prof RSSO ELEE ol BBES1 TVl FRURLEL ol Bl o which

supP¥RHteRf tedhdhy adlesP [DFES)S HOm2W I BbRABIME G may implement a cache
utilizes a nenory device 17 enpl oying the sensing

coherency iptoto0l. off thhmepray enntroluer12 srougledabaspldraity v€ memory
in nnection with Figs. 5A-5B. The progcessi syst
buseB 07 O RN IS A0 e EB PBE’@%%‘EPSIP%@%?C%%E‘&@EF“F gdldress ranges
r @kl er 502 and a primary
ma}Lgés: appggéégé’gcré}ﬂéﬁgﬁgér gg%%?%' the | ocal bus 504. The
processi ng system 500 rmay include nultiple nenory
contr goloasy STHe prigd0y bavibiitst 80Bis dopledtiSatleast @88 peripheral bus

503. 11 WD 2004/ 112049 PCT/ US2004/ 017885
510. Various devices, such as peripherals or additional bus bridges may be coupled to the

peripheral bus 510. These devices may include a storage controller 511, a miscellaneous
I/0O device 514, a secondary bus bridge 515, a multimedia processor 518, and a legacy
device interface 520. The primary bus bridge 503 may also coupled to one or more special
purpose high speed ports 522. 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 500.

[0046] The storage controller 511 couples one or more storage devices 513,

via a storage bus 512, to the peripheral bus 510. For example, the storage controller 511

12



The nmenory controller 502 and the primary bus bridge

503 may be integrated as a single device 506. [0044]
wab@4reaowyy controller 502 is al so coupl ed to PCEUSI004/017885

nore nenory buses 507. Each nenory bus accepts nenory

conponents 508, which include at | east one nenory

device 17 that includes sensing circuit 400. Each of

t he. menory conponents 508 rmay be a ne card or a

nor
maybers SE-Shsdntellomathipecsicvieanl § mishe $eS] dissudihc 1/0 device 514
single inline menory nodul es an ual inline
mas, g, sorb B PP RIS CxBn i D R Bl Sg b8 ol area
' ] S it i-analydeyi [
nery B BHGHAE D RRACHCE RO TSGR B bl may beused to
inteffa@h hd diflofal clR{ce g via alnboelier HRIBS Yhe SiebssBss sy8tepel Fat example, the
presence detect gPD) menory. The nenory controller

secgiarnhys bidge ey beupl wdversa seriad potte ebegntsdr uppd to couple USB'
cac menory 505 may be th nl.y, cache mry int
devisgoaba STy By Srorooke CORT el The DEHRCHa eS0Tl may be a
"l i | .
sourﬁré %gl?fl, gi SVKPJ o(%?ﬁlﬁ?};car O aﬂg%tﬁérstgp%bpﬁle#%h%‘fé}ﬁlag, Whlch ay also be

Wwh orma cache hierarchy wth cac
coupRiaoYorRORIditidnad devicey Reh s bptaken S1OM Bdlcghe! délece interface 520 is
peri pherals or controllers ich are bus masters or

useahind coupls lggaoy tediese for axempla; okdarstyded Biylpardstrndnmingy o the
controller ﬁ%%? may i npl ement a cache coherency

Progfsgpg SHtemy he menory controller 502 is coupled to a
plurality of nmenory buses 507, each nenory bus 507

may b at i q i r
e et i i SOOI, 553y i

pro&&%?kys-f&ﬁ vkl Which BeSinbérittgemaPBe used: OMiRFT®D Gfllustrates a

- least one peripheral bus 510. Various devices, such
proasssipg riqhlitecaire especiallylisuitdne forbugensrdl pyeposeepnippter, such as a

coupled to the ri pheral, b 510. Thesg . devi ces ma . .

peryoRg] SRBPUCS PR AU KERPRdF Pasills bF recoemize kiR il oWy raodifications
. 1 . : . . .

can EEER o R AR BIRELe A HER 00 R Bectp M SRMIF: for use in o
varigtyl sfappliditisnbr Fdgexafplemungekorronidpleditet WhiiiereoirdPi€cessing may
WL e LY

m ght be’the : el ratéd G aphi.cs t.{ AGP used,to
merg p?cgn%m?'ﬁné% %g Iapg,( AL Reory !%axélscscg(ﬁ% ?‘E}estch éctronic devices may
mclgﬁg,o(ﬁﬁsa%[] HoSHRied 3 A0 did AR a%rgbﬁs&fs %agcgclc%ﬁ@fsﬂ ehhfle consoles,

coupl es one or nore’stor evi ces ,
digital television sets, wired or wireless telephones, navigation devices (including systems

based on the global positioning system (GPS) and/or inertial navigation), and digital
cameras and /or recorders. The modifications may include, for example, elimination of
unnecessary components, addition of specialized devices or circuits, and/or integration of a

plurality of devices.

[0048] While embodiments of the invention have been described in the
illustrations above, it should be understood that these are exemplary of the invention and
are not to be considered as limiting. While the present invention has been described in
terms of MRAM, it is not limited thereto but is applicable to, for example, PCRAM and

1

other circuits in which signals are sensed at different levels. Additions, deletions,
13



via a storage bus 512, to the peripheral bus 510. For

exanpl e, the storage controller 511 12 WD 2004/112049
w494/ 017885 may be a SCSI control | er anPCHUSI084@17885

devi ces 513 may be SCSI discs. The 1/0O device 514 nay

be any sort of peripheral. For exanple, the I/O device

514 may be a | ocal area network interface, such as an

Et hernet card. The secondary bus bridge may be used to
subitivnGe s end 2ubén meriicadan o be RedeTishRas debasting fram the spiric or

r i n Fqr I he . n .
scof 8 BRI UVERILR GGF AP a N BBHOR (Lsg) (o be Snsidered as
Lo I : I ' TocHi
i Bl B hEe - RBRUR R Iy Ry LR Sot Btpended
claimgy be a sound card, a video capture card, or any

ot her type of nedia interface, which nay al so be
coupl ed to one additional devices such as speakers
519. The | egacy device interface 520 is wused to
coupl e | egacy devices, for exanple, older styled
keyboards and mce, to the processing system 500.
[0047] The processing system500 illustrated in FIG 6
is only an exenplary processing systemw th which the
i nvention may be used. Wiile FIG 6 illustrates a
processing architecture especially suitable for a
general purpose conputer, such as a personal conputer
or a workstation, it should be recognized that well
known nodifications can be nmade to configure the
processi ng system 500 to becone nore suitable for use
in a variety of applications. For exanple, nany

el ectroni c devices which require processing may be

i mpl emented using a sinpler architecture which relies
on a CPU 501 coupled to nenory conponents 508 and/ or
menory devi ces 100. These el ectronic devi ces may

i nclude, but are not limted to audio/video processors
and recorders, gam ng consoles, digital television
sets, wired or wireless tel ephones, navigation devices
(including systens based on the global positioning
system (GPS) and/or inertial navigation), and digital
caneras and/or recorders. The nodifications may

i nclude, for exanple, elimnation of wunnecessary
conmponents, addition of specialized devices or
circuits, and/or integration of a plurality of

devi ces.

14



[0048] Wil e enbodi nents of the invention have been

described in the illustrations above, it should be
wanaensioaod t hat these are exenplary of the i nRENUSN4/017885

and are not to be considered as limting. Wile the

present invention has been described in terns of

MRAM it is not limted thereto but is applicable to,

for exanple, PCRAM and OtgﬁééﬁM%CUits in which

signals are sensed at diff evel s. Additions,

del etions, 13 WO 2004/112049 PCT/ US2004/ 017885

subst [

S0t i AT AADE(A TP 63 BB EANPE Bl ucnt of e
Unifddes@ards id:nvent i on. Accordlngly, the i nvention i s not

to be considered as limted by the foregoing

description-but is only limted by the scope of the

appefded. metkadhef measuios200npUL Q4N RCTAUBAENA/ 017885

CLAIMS What is claimed as new and desired to be

D" retristt o8 Sl FRg et bt Ve L W &spgpling period

matrlﬁé]ﬁﬂéfd e{l&rﬁ;ttﬁlg &&Hém?%ﬁ‘%ﬁ&h@fgu‘i’%ﬁﬁé’@ﬁl t ' ve el enent
during a sanpling period that cl udes’ al ternating

chargi ng and discharging intervals; during each
char gi ngluringenelakhargmpeanthrndg, a:cci&'migtd pasitivedsiacaunaittat the
at . the capacitive elenment until a voltage on the
capagkiys clement ltmé FEiPLtagk OB RS CAPIACKIVE kIR FEFealg @ reference voltage;
during each discharging interval, receiving a negative

bi a5 SULLENE Aty BsCARBREILNE! SIBMRN el B cupree ara

capac:ltl I's 1ess ere

capa¢itve e thentil R8¢ @dpaﬁﬁv@ leR:%néﬂé FoRBike B 168 R tl‘ﬂ:ereferencc voltage, the
exceedi ng the positive bias current's magni tude; and

negastyediias qugreat’'s ouagnifuddiczeteding thepaspivethiseufentlsemagnitude; and
sanpling period during which the capacitor elenment's

‘ \éo' tﬁggg QPRI Xe eedS the M?%%%?{Pﬁ\g%lotrggn of ‘Ehheesa%lo l]llrr]ltg pbc%folagduring

which the capacitor clcment s voltage exceeds the reference voltage, the count being a

measure of the input current.

2. A method of measuring an input current comprising;:

receiving the input current at a capacitive element during a sampling period
that includes alternating charging and discharging intervals, the input current having one of

a low value and a high value;

during each charging interval, receiving a positive bias current at the
capacitive element until a voltage on the capacitive element .cxcéeds a reference voltage, the
positive bias current being set so that the count is zero for a sampling period in which the
input current has the low value and the count is greater than zero for a sampling period in

which the input current has the high value;

15



2. A nethod of nmeasuring an input current conpri sing:
receiving the input current at a capacitive el enent
walenosngod® sanpl i ng period that includes alterp@r/usmo4/017885
chargi ng and discharging intervals, the input current
havi ng one of a |low value and a high val ue; during
each charging interval, receiving a positive bias
current at the_ capacitive elenment until a,voLtage on
the capdifipggachefisphasging lBtetns, ISCHEPE AdHEAUYE Plagglrrent at a
capo s SR G P AE Dl S Y 38 AR PO volage, e

neg@He TR cutRhit’s A drP ¥ @kt diideHelfosRE Miasl QuriRBL Blagnitude, the
than zero for a sanpling period in which the inpu

averagt ofethie rhagnitudes bf dic paditire; antisndgaxiPObias £4G048 being approximately
PCT/ US2004/ 017885 _during each discharging interval,
equalde ¢he lawy valup o des bighpralie; eddrent at a capacitive

el enment until the capacitive elenent voltage is |ess

t han the, ref.erenc | % L ' bj . . .
cur rent DG et BeiB8he 1 PRaRRAL b edafbling period during

whi@PfHe@RpaGtdrRMMh it tSiolaBe ex@¥8s edarefireridis/oiBgn] thed@winebeing a
the positive and negative bias currents being

measypprodxheratpailt yurregual to the | ow val ue or the high
val ue; and obtaining a count indicating a proportion
of the sanpling period during which the capacitor
el enment's vol tage exceeds the reference voltage, the

count bal ngg,g SFS%EHP% é\lqé i{cﬂ%telt@ B¥L {ﬁ%fﬁér@néng}ly%ge[ffﬁsmg:

nmet hod ©of "sensi ng a state o

conprising: presetting a count value of a counter to

a presepréoititg &eduift;vakiRafGl dynteraspgsricicdiconnt halac;

charging current during a first plurality of tine

intervals, each tine interval of said first pluraligﬁ ,

t er m nachigitgehcapapiser withe chesging puggpigduing a dirstglurality of time

. indicates that a first.voltage thereon,exceeds a .. .
incepifru ity ab G ghol LA R ERIy CRURRRARES Reflagic groe of seid
capdcBHindidhidsBhe 4 Bﬁk‘%@ftk%@tlk%xf@ﬁ@édé L@lrtshdld PQkcLR, the charging
state and a positive ias current; discharging said
. curreaPiaciuidirg am idpua cdirsabadifarigg chie meniorsieeils dogicslescandnd a positive

bias current;

discharging said capacitor with a discharging current during a second
plurality of time intervals, each time interval of said second plurality terminated when a
periodic test of said capacitor indicates that a second voltage thereon is below said
threshold voltage, the discharging current including the input current and a negative bias

voltage with magnitude greater than the positive bias current; and

periodically incrementing said counter during said first plurality of time
intervals and periodically decrementing said counter during said second plurality of time
intervals to obtain a net count value, the net count value indicating the logical state of said

memory cell.

16



plurality of time intervals, each tine interval of

said second plurality term nated when a periodic test
wo@Roogaim4capaci tor indicates that a second vol PEES2004/017885

thereon is below said threshold voltage, the

di scharging current including the input current and a

negative bias voltage with magni tude greater than the

05|t|v bi as .cu and er odi cal | ncrenent i )
Bai oo hanead igeusing st ot L srapmics 1GF Qg to daim 3,

‘S?gn d counter
Wh%ﬁ%f%%& g? s%@@%58%+%$%#¥§y of |N%J ?%%%ivals to
obtain. a net count value, the net count val ue
i ndi cat iimgeibkatihgghidabusterioncoOtubafdachramey it @dllof sdif first
WO 2004/ 112049 PCT/ US2004/ 017885 4. The net hod of
plurghtysifrignaingeals. of a menory cell according to claim 3,
wherein said periodically increnenting said counter
conprises: increnenting said counter once during each
time interval of sald first plurality of tine
i nterkva :
rrem)rSy ?21 Iﬁgtch;:[)g{re ng t%a@Fag?rSnP%’ vﬂg?giﬁtﬁ&sai to claim 3,
whpeedin add patibyicabed eremthtigy sad dontentemhpeiedspr i ses:
decrenenting said counter once during each tine
interval of said second pluraljty of tine intervals.
6. The, ﬁmn@mgﬁmm@t@ acsaLisg @Chw ipterwpl of said second
I 8Ecor to claim3, wherein said nmenory cel
piuf Wﬁ# M nenory cell. 7. A sensing circuit
for senS|ng a resistive state of an MRAM nenory cel
conprising: a transconductance anplifier having an
i nput coupled to one end of a resistive el enent of
sai d 6VRAMemaathiog afesehsingd state ofid puemanywell ededrdirg wodam 3,
a capacitor having a first_plate coupled to said node
whessin gid wrﬂcatc@m%%%hf meBirE&clhf const ant
potential; a conmparator circuit having a first input
coupled to said node, a second i nput

7. A sensing circuit for sensing a resistive state of an MRAM memory cell |

comprising:

a transconductance amplifier having an input coupled to one end of a

resistive element of said MRAM memory cell and an output coupled to a node;

a capacitor having a first plate coupled to said node and a second plate

coupled to a source of constant potential;

a comparator circuit having a first input coupled to said node, a second input
coupled to a first clock signal, a third input coupled to a voltage reference source, a first

output and a second output, said second output being in an opposite logical state from said

first output;

a current source having an output coupled to said node, said current source

adapted to alternately source or sink a current to said node through said output of said
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coupled to a first clock signal, a third input coupled

to a voltage reference source, a first output and a
w@ementoaut put, said second output being in anPOPPX0/€17885

| ogi cal state fromsaid first output; a current

source having an output coupled to said node, said

current source adapted to alternately source or sink

a current to said node_.through said oﬁ%£Ut'0f S

] id 17 .
currQs S, SUSFHGEBETIUIES GAIG CPERE IO § Eh siEoh AR 2 Segonl switch,
r.ent Ce rd. .S i | :
wheE S OHERR £ LELDES (SR gl 8} PSR i econd
swittR iss@upldd fosdaidsicpHl oRitpeadfbaclormapai ok, antifisakwitch opening or
second switch is coupled to said second output of
closiw id resprpac &0 eaid fisstiantputr offsaslamparaiospind gaidrsecend switgh opening
[ n.response to said first output.of said co rator, | )
or ClOSHESIR, IGSRAAES H S§%S?‘i9ﬁ1ddi%ﬁ%§y saist CIPBYRFRY AR pdpsaid opening
ot ' . j r riei .
and oL SEARERRE SRLE A g SRR Bhflof WA MBI rent source i
souzdiglosQaking cavlehe Br £pMicelar vhRS Aed said current source
is sourcing or sinking current at a particular tineg;
and a counter circuit having an first input coupled to
sai d nodeouateraiisni havipgan frsuippaticewpled s@sud dogk ot kecond input

coudls1}5 200 FBe2uLput dapted Lo, outpit 8 dh 011 Al GO v,

resistive state of an MRAM nenory cell according to

claim?7, wherein said counter circuit further

conprises a third input coupled to a source of a

pres@t Sitgnehsing cirdiie faeseasing actsisivetstdto of s MRAG anemory cell

resistive state of an MRAM nenory cell according. to
accordingnt claim %, rreereinppid coungerarcaitdnshenranpiises prthiftinput coupled

avi ng n output coupled to said first node for

oERPRGeEEPd

h
o BEYLT PEAPRY LS BPEset vol t age across sai d capacitor.

10. The sensing circuit for sensing a resistive state

of an MRAM nenory cell according to claim?7, wherein

said current source operates to sink current at a

gr eaVer Theagnsihgdactinfor scosisgaresstovarstaapf ad MRAM memory cell

sensing circuit for sensing a resistive state of an
ACCRPERE Fe AR AP IthereBPHRLRg AR ANAPEPRTSPL ClifEt B#¥ng an gutput coupled

0 LER RS QNG ARG IARRL f bilecl S R0PRL S Lt BLoduse an

10. The sensing circuit for sensing a resistive state of an MRAM memory cell
according to claim 7, wherein said current source operates to sink current at a greater

magnitude than to source current.

11. The sensing circuit for sensing a resistive state of an MRAM memory cell
according to claim 7, wherein said transconductance amplifier is adapted to produce an
output current at said output of said transconductance amplifier, said output current being
functionally related to an input voltage applied at said input of said transconductance

amplifier.
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out put current at said output of said transconductance
anplifier, said output current being functionally
WO edoatiex¥44 0 an i nput vol tage applied at said i PEUUSN4/017885
said trans conductance anplifier. 18 WO 2004/112049
PCT/ US2004/ 017885 12. The sensing circuit for sensing
a resistive state of an MRAM nenory cell according to
cl ai m 10, wherein said sinking of said current source
is approximately equal to said sourcing of said
current,.source pl.us.said output of. s
Cr ahdcomie soipebeitii et Y sesliivE Bl ofom MRAM megpory cel
accofdité N cBich 99! ShhetEin ﬁnﬁfxg@ﬂr sNEAM RBFRS M€ &l dpproximately equal
conprising: a transconductance anplifier having an
to saliPsdureiappif eddicarenesande pfusaaidr@apst ofimidktrengonhdaétance amplifier.
said MRAM nenory cell and an output coupled to a node;
a capacitor having a first plate coupled to said node
and a second plate coupled to a source of constant
potentigl; a conparator circuit. havi L sty 2r N '
co uE edtGRYEE &HE% z?f SENYBE BTG TR FE e e gﬁ%l ed 10 ngc%ory cell
Coéégﬁﬁ .clock signal, a third input coupled to a voltage
r fe %nce source, a first output and a second output,
sai d second out put being in an opposite |logical state
f r om sahdranfdarsiicemte amplifiechavizgin syt coupledi togorerend of a
~output coupled_to said node, said current squrce
resisgige plearent of said MRAM pyemaomymell agd apy Q%P%Wlaﬁ?é EX# BPAGm

sai d capacitor through said output of said current

source, S . a&it%y BEﬁgg a%y{@gtef%lgﬁﬁrtocs%% (?é Ay & sééotﬁahalatc

swi tch andta seco SW Fein sal irst swmtc

coupled ¢94RbEE el c8akEnt poehiiglyt put of said conparator and
sald second switch is coupled to said second out put

of said conparator, said first switch opening or )
cl osi ng aicpmpasq@onslecmbh@aﬁlglaﬁir&tsnp@mfc%ﬁo 3yl gode, a second input

o TR AT S8 SRR P SE A e
oo L 3l EYTRAp L S  o pffd gBi ce fom i

first@uwip@nt source is supplying or withdraw ng current at
a particular tinme, wherein said supplying of

a current source having an output coﬁplcd to said node, said current source
adapted to alternately supply or withdraw current from said capacitor through said output
of said current source, said current source further comprising a first switch and a second
switch, wherein said first switch is coupled to said first output of said comparator and said
second switch is coupled to said second output of said comparator, said first switch opening
or closing in response to said first output of said comparator and said second switch
opening or closing in response to said second output of said comparator, and wherein said
opening and closing of said first switch and said second switch control whether said current
source is supplying or withdrawing current at a particular time, wherein said supplying of
current is approximately equal to said withdrawing of current plus said output of said

transconductance amplifier; and
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current is approximately equal to said w thdraw ng of
current plus said output of said transconductance
w@pgpkitfliosy ; and 19 WO 2004/ 112049 PCT/ US2004/ ORGZBBS2084/017885
counter circuit having an first input coupled to said
node, a second input coupled to a second clock signa
and an output adapted to output a digital count val ue.
14. The sensing.circuit for.sensing a,resistive state .
of an MRA irguic dpying B ek Ut Pl Fy S Bggy efrond input
: rat tq;
coufifil o SUELEN oIBER HERIORRIA SiphCadtie] Yo BHEA ' difiTounc valuc,
sensing circuit for sensing a resistive state of an
MRAM nenory cell conprising: a transconductance
anplifier having an input coupled to one end of a
resilét i Ubceknsing cirofit §eri sansimpmMresistive ptate pf am MRAM memory cell
out.put cpupled to a node, said output rovi di a
ccEfilF iy SR rieniiest A HEGR Fafn posrer freguppltafront ac a lower
maGRRAEthahGoS ARG ARG, @ second plate coupled to a
ource of constant potential; a comparator circuit
having a first input coupled to said node, a second
input coupled to a first clock signal, a third input
coupled to a voltage reference source, a first output
and13. s dcssndingisisuit fossangingecrssistiveurtpatofisai MEAM memory cell
opposite logical state fromsaid first output; a
CO%%@?%%T source having an output coupled to said node,
said current source adapted to alternately supply a
POSi ti Ve (Liifsf SiithucBinc® aRBBBEF M&/iks hh S utl@upRiddo®iteend of a
through said output of 'said current source, said
resistive enicns @fsgid MBrANenemonypeellsindpraotdtpus tospled ¢b aande, said output
a second swtch, wherein said first switch is coupled
[ﬂoﬂémgéﬁﬁnﬂpg§Pﬂ@9Eput of said conparator and said
second switch is coupled to said second output of said

conpar at or iq first i.tch i ng- ' '
o oS e sl o ey AR 9ol 58 Rl
(DuﬁﬁHQO§%6ﬁHQ(ﬁWdh&Qﬂ@F@ﬁhﬁﬂ;or closing in response to
. said second output of said conparator, and

a comparator circuit having a first input coupled to said node, a second input
coupled to a first clock signal, a third input coupled to a voltage reference source, a first
output and a second output, said second output being in an opposite logical state from said

first output;

a current source having an output coupled to said node, said current source
adapted to alternately supply a positive current or a negative current to said node through
said output of said current source, said current source further comprising a first switch and
a second switch, wherein said first switch is coupled to said first output of said comparator
and said second switch is coupled to said second output of said comparator, said first switch
opening or closing in response to said first output of said comparator and said second
switch opening or closing in response to said second output ;:)f said comparator, and

wherein said opening and closing of said first switch and said second switch control
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wherei n said opening and closing of said first switch

and said second switch control 20 WD 2004/112049
wWEDAWED@D4/ 017885 whet her sai d sensing curr ePCT/UUS2004/017885

integrated with said positive current or said negative

current at a particular tinme; and a counter circuit

having an first input coupled to said node, a second

i.nput, . coupl ed to .a.second, clock. signal and an output .
wheifiek 51id FEPRIE GRRERT i FERIE VB S RS, caiegt of fad megative current

i clr.cuyt for sensing a resistive state of an

ata%%%%u%gﬁ%%§%ggll according to claim15, wherein said

current source operates to sink current at a greater

magni t udeotih®n cirouis baviag aafirstenput dohipldhe sddhabdg, a second input

circuit for sensing a resistive state of an NMRAM
coupledrte ¢ seeind clagesigaiil ngdias asitanradapredirepeipit 8 digital count value.

positive current is coupled to a supply voltage. 18.

The sensing circuit for sensing a resistive state of

an MRAM nenory cell according to claim15, wherein

sai dgnegat| s&?si.[%‘ Er &1 fdr%cﬁs‘?ﬂx’% L 86kidQe 3ra?E6LNHMRAME freBiory cell

constant potential. 19. A sensing circuit conpri sing:
accoftbnig ts clgimall 5¢ wherdin said ichedenpsanrtdoperatesitopink auranent a greater

a capacitive element that receives the input current
1na@m&m§ghan§aﬁguﬂﬁguﬁﬁnpod that includes alternating

chargi ng and di scharging intervals; conparison

circuitry that provides periodic conpare signals

i ndicating whether a voltage on the capacitive

el erpnt TeXGERGS: Birduli ﬁfr%@ﬁs@n%@'r&s@ﬁﬁé sBk@sf SMRAM memory cell
circuitry that Tesponds to the periodic conpare

accetdingks chim 151, exhiertimepid posisivt icugrehi msoupledanta supplyngpltage.
each charging interval until the conpare signa
i ndi cates the capacitive elenent's vol tage exceeds the
reference voltage and by providing a 21 WD 2004/ 112049

PCT S2 / (N ' : |
TSR AL AR Ry oy Ay

accbRIE 86 eRirh N8, wherein said negative current is coupled to a second source of

constant potential.

19. A sensing circuit comprising:
input signal circuitry that provides an input current;

a capacitive element that receives the input current during a sampling period

that includes alternating charging and discharging intervals;

comparison circuitry that provides periodic compare signals indicating
!

whether a voltage on the capacitive element exceeds a reference voltage;

bias current circuitry that responds to the periodic compare signals by
providing a positive bias current during each charging interval until the compare signal

indicates the capacitive element’s voltage exceeds the reference voltage and by providing a
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capacitive elenent's voltage is less than the
reference voltage, the negative bias current's
wora@aili2de exceedi ng the positive bias currentPGI/US2004/017885
magni tude; and count circuitry that responds to the
peri odi c conpare signals by providing a count that
i ndi cates a proportion of the sanpling period during
whi ¢ch the capacitive  element's voltage exceeds the .. ..
negatie & b HHHE cAthEARREBIoRp YORLLAR e stial indicates the
i nput i, : ' ' j ' )
capagft et Rlap € 1 it Bl cRofce Vetape PAEHORAR bfds currenes

maghREHS baRedingf tha positive bid@uilRAPS YhaghRB& arkbNnect ed to
the sensing line. 21. An integrated circuit

conprising: a substrate; circuitry forned at a o

sur f aceceotnttdirsugghttat aesponiintd thei pegiodicaepraprigysigtals by providing a

resistive nenory elenepts; a sensing,ljne extendin ..
counichae bR g TRy TR e saTEYog PEBDd shies R Jhe Sapacitive

sy . Ui .

clen TSR ORILE, 0 LR R BHag Rl ERTR Bl or e
currkfout current, the input current indicating a

resi stance of one of said resistive nenory el enents

connected to the sensing line; a capacitive el enent
that receives the input current during a sanpling

3 |e; éﬁgr ;fh,h%m!pq%% E@%ﬁg ?clot?e i atti% ggﬁ[}%?% %v}?;gci%r{gc input current indicates
2 rdastdnto 2P 4L (8 82 m S MAHE RO rinleL&Hith the sORinPhRY I des

periodi c conpare signals 1ndicating whether a voltage
on the capacitive el enent exceeds a reference voltage;
bias current circuitry that responds to the periodic
conpare signals by providing a positive bias current
dur Ag Aachtegiatedicirguit seapysiogunti | t he conpare
signal indicates the capacitive elenment's voltage
exceeds thg r%ﬂerence vol tage and by

a substrafte;

circuitry formed at a surface of the substrate, including:
an array of resistive memory elements;

a sensing line extending across the array, connected to a set of resistive

memory elements in the array; and
sensing circuitry, including:

input signal circuitry that provides an input current, the input
current indicating a resistance of one of said resistive memory elements connected to the

sensing line;

a capacitive element that receives the input current during a

sampling period that includes aiternating charging and discharging intervals;
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provi ding a negative bias current during each
di scharging interval until the conpare signa
WO peuastoes t he capacitive elenent's vol tage i SPCBEES2004/017885
than the reference voltage, the negative bias
current's magni tude exceedi ng the positive bias
current's magni tude; and count circuitry that responds

to the periodic conpare signals b royi din count .
that indicates a BYBEBRCTGRaroY Hist ehuilis Rrimgds cinbare signals
mdi&ﬁhg%éﬁ%lq‘v&b%e SPRRUbAN BV ELIEARAE cice¥ @ § AGErAXC SIS
the“reference voltage, the count being a neasure of
the input current. 22. A digital processing system
conprising: a prbzessnent @nahitay tlesiredpionds nethor periodic compare
. coupled to said processor via a bus, said resistjve,
signgle hp pyovidiag) acrositivg hiay ayrent shwinigfgch ichaiging inggrval untl the compare
. ensi n ircuit. for, sensjng,.a resistivye state of,an
sigoq TR I APAr Ve SIFBITEP NOoE DrsrbclRdEiativsolahe and by
providiR iafdcgﬁti‘!}@ﬂiiag‘ Budéh Jlﬁ‘iHC% ERHRIiRHatcin © e RAPM] e compare signal
reststive elenent of said MRAM nenory cell and an
indicuspht capacplivectl¢men’ noslege as kesp@dantthe réfancnng valtiges, slie negative bias
pl ate coupled to said node and a second pl at cqupl ed
curreny’samagrifids oicceding thapopbrehies GrrreRt THapRitednd
circuit having a first input coupled to said node, a
second . input coupled t fir Si | 4 .
‘third i nput coupl SIS élg é‘%’i}g he?éc;(n%:hg % giu%rc%ce&%mm signals

by pldvidihgQUidk tRAAnaicsRS A PpogdtiiBtof thaksmpREDPeiQUtRHAg which the
being”in an opposite logical state from sard first
capaoititvp etem 2@’ sWOlag0 4ttt dOd@ PfeTénde2odie 18 86unt beingamheasure of the
. source having an output coupled to said node, said
ANpUE GRFLER%  source adapted to alternately source or sink
a current to said node through said output of said
current source, said current source further conprising
a first swwtch and a second swtch, wherein said

firgp, SNdigfﬁalidgﬁog&biﬁh%?stélﬁc@&ﬁ;fhsﬁﬂg‘:St out put of said
conparator and said second switch is coupled to said

second out put of said conparator, said first switch
openi nga processor; and

a resistive memory coupled to said processor via a bus, said resistive memory
device including a sensing circuit, said sensing circuit for sensing a resistive state of an

MRAM memory cell comprising:

a transconductance amplifier having an input coupled to one end of a

resistive element of said MRAM memory cell and an output coupled to a node;

a capacitor having a first plate coupled to said node and a second plate

coupled to a source of constant potential;

a comparator circuit having a first input coupled to said node, a second .
. | . c s
input coupled to a first clock signal, a third input coupled to a voltage reference source, a
first output and a second output, said second output being in an opposite logical state from

said first output;
23



or closing in response to said first output of said
conparator and said second switch opening or closing

WO poorgspanse t o sai d second output of said conper/ES2904/017885
and wherein said opening and closing of said first
swi tch and said second switch control whether said
current source is sourcing or sinking current at a

particular tinme; and a counter circuit ving. an first
i nput coupl @EUETBNESHUACHTRATENE 3N SUEBIFOUPKHIP sg-‘éﬁ‘b‘i"i% spig current

a_second claock signal and. out t u
soufie GRS oo tifRRrs B0 5MR sTREH} o F SR BH: BebPld oucpuc of
said DhSleRPL QRO didGirtedit SR idrthe VbR Sisingd Rkt GRikRh I a second
circuit further conprises a third input coupled to a

switslwhereof said firse switcls isgroapled24. saihfrsdogipualof prid cesgianayor and said
system according tqQ claim22, furthgr conprising an

secopdlavatrhgs eaepled o said seqomd AHFPRROLMPLRMPBRHM e S dirgisvdtch opening

i rst. node f bl i shi t | . .
or cloye iefgarp oS58 BRre e Ball G Bkt AhREEERRT swivch
ope AU OIS th febsFbibe 48 saitiBESH Do @@l of i @BfpafRYF,G8d wherein said
opérates tO sink current at a greater I’mgnltude t'han

opehingsmidrdesiag of exd firs? Switdh end isgd tsedonpt oedscargraywehieher said current
according to claim?22, wherein said transconductance

SOULEA UGS Of SHERHME SHINS 35R Hriroes current at
said output of said transconductance anplifier, said

out put curr ?Q&d&?{ 08t H%%?ﬁ?g%sléﬁgtaéoﬁ%lécp tc?g‘a.léi ?BHE, a second

vol t age applie sai d’i nsconduct ance

L?crHQJuP ddelo- a oD RIRR4ohdPAfParb @ﬂ-{ﬁdwsaa%‘ﬁl@ 14 %&5%&721 digi@l count

f
di gital processing systemaccording to claim?2
valueherein said sinking of said current source is
approxi mately equal to said sourcing of said current
source plus said output of said transconductance
anplifier. 28. A digital processing system conprising:

a prgce Sﬁ%@igﬁﬂ‘h)r@césﬁﬁ%% %8 a'&?&%ﬂeg FPURIE QZE Qhefid said counter
processor vid a bus, sdid resistive nmenory device
cirdui€futelield @ompseasd tirdCinbatitdupleditsla semst 0f apréeeukignhlor
sensing a resistive state of an

24. The digital processing system according to claim 22, further comprising an
andlog preset circuit having an output coupled to said first node for establishing a preset

voltage across said capacitor.

25. ‘The digital processing system according to claim 22, wherein said current

source operates to sink current at a greater magnitude than to source current.

26. 'The digital processing system according to claim 22, wherein said
transconductance amplifier is adapted to produce an output current at said output of said
transconductance amplifier, said output current being functionally related to an input

voltage applied at said input of said transconductance amplifier.
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MRAM nenory cell conprising: a transconductance
anplifier having an input coupled to one end of a
w0 e@iatiowe el enent of said MRAM nenory cel | anPiCENS2004/017885
out put coupled to a node; a capacitor having a first
pl ate coupled to said node and a second plate coupled
to a source of constant potential; a conparator
circuit having a first input coupled to said node, a
second input coupled to a first clock signal, a third

i np C l.ed to a voltage reference sourc a, first., ...
out B D6 sl Bt Hert Sesor BEda B T Fogisif Jid sinking of
id i I o @ous@hdl of 54id culhPyuirce plus said
sid Ay ORI Sk SRRl SRl Bk ah oot M plus
outPRESS safbirfhebhdedthncesatipliferadapted to alternately
supply or withdraw current from said capacitor through

said output of said current source, said current
source further conprising a first switch and a second

it gh, I ei i.d first switch | led t id
i ek ot grodirbe i R Shha <ol second

switch is coupled to said second output of said

conpar af Bfoce§@dktadd r st switch opening or closing in

response ' to saird first output of said conparator and

said second swtch opening or closing in response to

sai d ses essibtioe/ hpmhoryfcosipled oapkbpatessor vind 05, WH resistive memory

2004/ 112049 PCT/ US2004/017885 wherein said openj n%
devigmigchiiding meerymes@r i FHCRYRS eﬁ%h@rég?%ﬂ% adGifive State of an
MR&%)tCh conty ol \F/]\lfhe her said current source is

ECW%C WP (S:Ilrn\'/ving current at a particular tinme;
and a counter circuit having an first input coupled to

sai d node, AwsREBALucthAREMARE IRdingtrAinpac ooapled asone end of a
signal and an output adapted to output a digital count

resistia¢ clemedd of Ftid MIRAM atensonetl end spgieput el fyamede;
claim 28, wherein said current source operates to
supply current at | ower .magni tude than t.g w{hdraw .
current. 302 C%?aﬂ’itﬁﬁa]ﬂ%m% B ﬁﬁ%%éarte VA% 18&488 Ifoscfenaél.daa sgcond plate
cou;ﬁ&? £59 %80 rce ¥onstant potential;

a comparator circuit having a first input coupled to said node, a second
input coupled to a first clock signal, a third input coupled to a voltage reference source, a
first output and a second output, said second output being in an opposite logical state from

said first output;

a current source having an output coupled to said node, said current
source adapted to alternately supply or withdraw current from said capacitor through said
output of said current source, said current source further comprising a first switch and a
second switch, wherein said first switch is coupled to said first output of said comparator
and said second switch is coupled to said second output of said comparator, said first switch
opening or closing in response to said first output of said comparator and said second

switch opening or closing in response to said second output of said comparator, and
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a resistive nenory coupled to said processor via a
bus, said resistive nenory device including a sensing
W@R008012049 sai d sensing circuit for sensing a recI/E$1004017885
state of an MRAM nenory cell conprising: a
transconduct ance anplifier having an input coupled to
one end of a resistive elenent of said MRAM nenory
cel | .and an outpyt .coupl ed.to a. node, sgid oufput
whefsi FidiPRE AR BSOS OF o first gwieel apel s Sﬁ%ﬂfug}mach control
whel ok S1idRbfishs SRHE BooPyRl & IR0 SR Sl BROH: PAtar time; and
conmparator circuit having a first input coupled to
sai d node, acs@aenércuitivingauftsethpur c@ubladsio saldskde, a second
signal, a third input coupled to a voltage reference
inpug sonpled ta alsecénd epclksigpatandra cutputadapted tpautpuai digital count
second output being in an opposite |logical state from
valugai d first output; a current source having an out put
coupled to said node, said current source adapted to
alternately supply a positive current or a negative
current to said node 26 WD 2004/112049
PCT29S2006/d0di?8 8bmplufdraygbmsatording: phitlaih 28ai whauln @it current
source, said current source further conprising a first
sousei QRefmatan t supply shereaihit Tlowartesmivnds than o m&ndﬂw fcuFrent.
is coupled to said first output of said conparator
and said second switch is coupled to said second I
out put of said conparator, said first swtch opening
or 0Sj | %ggg Lerifihgst out put of said
congg}agggggﬂéb aig§§g%gh§ﬁ§ n%%% openi ng or cl osing
in response to said second output of said conparator,
and whea processirgarmpeni ng and cl osing of said first
switch and said second switch control whether said
sensing current \is integrated with said positive ..
cur r ent 2 §FSIEHE UCRRIYHOUY rsﬂ\gﬁf OSESSQT Fa R Sy palgl resistive memory
devild ﬁﬁ%}ud%[[gja L RINEES i€ sdif lﬂéﬁsi%l’i!rﬂﬂt oo/ sgﬁsriﬁp% a'rBflve state of an
coupl e 0 salanod%, a seco I nput cou &dto a

MRASESReh sty @6l csinpisingand an out put adapted to output a
di gital count

' a transconductance amplifier having an input coupled to one end of a
resistive element of said MRAM memory cell and an output coupled to a node, said output

providing a sensing current;

a capacitor having a first plate coupled to said node and a second plate

coupled to a source of constant potential;

a comparator circuit having a first input coupled to said node, a second
input coupled to a first clock signal, a third input coupled to a voltage reference source, a
i
first output and a second output, said second output being in an opposite logical state from

said first output;

a current source having an output coupled to said node, said current

source adapted to alternately supply a positive current or a negative current to said node
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value. 31. The digital conmputer systemaccording to
claim 30, wherein said current source operates to
W@ R/ 1020M9 ent at a greater magni tude than to SPUF/TS2004/017885
current. 32. The digital conputer system according to
claim 30, wherein said positive current is coupled to
a supply voltage. 33. The digital conputer system
r i ' ej j ' rrent.
thuofiR Y MpbPoPull Bty SIREbg 2 Ep R Ml Dl Hsing a i
switSt andha Bk & ddPdwiRih0 G2 Adif 9aid YR QWi ATPEOHIEW to sdd first output of said
processor; and a resistive nenory coupled to said
compantesant said secanduwitch & chupdsd 81 saiksavend roptpuleof sagl comparator,
..dncluding a sensing . circuit, said sensing circuit for
said JEHSIRGHDDCBEIZRY SJSIRE Hi EoSBPNSETO SHIANS hRRBIY Of 83if comparator and
sconprisi.ng:  27. WD 2004/ 112049 PCT/ US2004/ 017885 i hpu
saic SO0 Sl oehint e dppt S Peeli ot s Fuloc of W
compaR@&, bhd SviRk@ARAH Jpdin ﬁﬁﬁu&ﬁ_ﬁg‘b@ﬁ%& TRdtswatth! 81l said second
during a sanpling perio that includes alternating
switcln aogfirolgwherticdsasd barsgignouriantt ér madgzatedonpasdid gositive current or said
circuitry that provides periodic conpare signals
negatgi REICRRAL 2 RMECHRF teyéRtlage on the capaciti ve
el ement exceeds a reference voltage; bias current
cireul try thab,fespandsnifnt 0e sl GuBRIPA &id node, a second
signals by “providing a po five Bias curren urTng
inpuR@6lipkiabal ReorEIBEN SgnMtnd ard &Qtpﬁ@ BRated 8b 8AAut a digital count
i ndi cates the capacitive elenent”s voltage exceeds ?he
valueef erence voltage and by providing a negative bias
current during each discharging interval until the
conpare signal indicates the capacitive elenment's
voltage is less than the reference voltage, the
negati v | ' Nag=Telgl i o ens
pos ? ive hgi(gémg E%@%q?y&r"mg Nt égg.:ﬁg g&(n co l]% % V{:}#%r?%uﬁ is%ul(ri ycurrent
soutEPSpdrep e Elak tcQrrtACateficathr tnpoifade ehsl enah&cd¥urrent.
providing a count that indicates a proportion of the
sanpling period during which the capacitive

32. The digital computer system according to claim 30, wherein said positive

current is coupled to a supply voltage.

33. The digital computer system according to claim 30, wherein said negative

current is coupled to a second source of constant potential.

34. A digital processing system comprising:
a processor; and

a resistive memory coupled to said processor via a bus, said resistive memory
device including a sensing circuit, said sensing circuit for sensing a resistive state of an

MRAM memory cell comprising:
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elenent's voltage exceeds the reference voltage, the
count being a neasure of the input current. 28
WO 2004/112049 PCT/US2004/017885

input signal circuitry that provides an input current;

a capacitive element that receives the input current during a sampling period

that includes alternating charging and discharging intervals;

comparison circuitry that provides periodic compare signals indicating

whether a voltage on the capacitive element exceeds a reference voltage;

bias current circuitry that responds to the periodic compare signals by
providing a positive bias current during each charging interval until the compare signal
indicates the capacitive element’s voltage exceeds the reference voltage and by providing a
negative bias current during each discharging interval until the compare signal indicates the
capacitive element’s voltage is less than the reference voltage, the negative bias current’s

magnitude exceeding the positive bias current’s magnitude; and

count circuitry that responds to the periodic compare signals by providing a
* count that indicates a proportion of the sampling period during which the capacitive
element’s voltage exceeds the reference voltage, the count being a measure of the input

-current.
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