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SCHEME FOR RESI STI VE MEMORY ELEMENTS BACKGROUND OF THE
wo DMERTI3CN FlI ELD OF THE | NVENTI ON [ 0001] The PpeEESI3/023794

invention relates to the readi ng of resistor-based

menory devices such as magneto-resistive random

access nenory (MRAM devices which store |ogic val ues

as resistive states in a nenory cell. DESCRIPTI ON OF

THEFEEbQ;ED ARTHéoooz Figqure 1 shows one exanpl e of a
DUEALADOB SENSHNfH P EQORHRESNTIVE MEMEORY, ELEMENTS

crosspoint array. The nenory array 8 includes a

plurality of rowlines 6 arranged orthogonally to a

plurality of colum lines 12. Each row line is coupl ed

to each of the columm lines by a respective resistive

menory cel |l 14.BAQEGROUNBOF THEUNVENIICON menory

cell stores one of two or nore | ogical values

depending on which of a plurality of resistance

values it is progr &b OF EHE H%YENEI&N& acteristic

of the crosspoint array having resistance cells 14
roofEfes S8l sbBLL SRR b D55 S Bofiip o i
such ¥ wtgg&ﬁﬁﬁmgﬁn%}ﬁ aRlHsE ﬁﬁﬁ{b&m@;ﬁ&dcg Yhich store logic values

resi stance base nmenory. |In an resistive
as ra3Rv ytaeelid anygmedidell. i ncl udes a pi nned nmagnetic

| ayer, a sensed magnetic |ayer and a tunnel barrier

| ayer between the pinned and sensed |ayers. The

pi nned | ayer has a fixed magnetic alignnent, and a

magnetic align y n

programed to gﬁﬁ%@@&ﬂﬁeggf@ﬁ?z?€3h§¥gﬁﬁ§?ég§$stance

of the cell varies, depending on the alignment of the
[006g]sed E@ifRé 1 Ho%s ro%_%'&_ﬁﬁgfc%f\éallebﬁuor ®abld m@n{ﬂirﬁ Qﬁ'ﬁ){ chitecture

% a whi [ e anot her

alue, is used to signif  ogi c "one"
calledesiresspoig avalyu&heemgmorpadrgn® indladdse, plufalitp 6flrdwd lines 6 arranged
signify a logic "zero". The stored data is read by
orthegaaillygoraplyeality pé colaginskingsdd. VEadherowoling isecoupled)to cach of the
colul%glg 1 ; cr%gl:Sl;{) écglt)%c?.gf %gs(lesg.{vg ?%%B(g&fcgﬂ\ﬁqll “Fhe trcrgys%anscg r\]%l%g of each memory

cell stores one of two or more logical values depending on which of 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.

[0003] An MRAM device is one approach to implementing a resistance based
memory. In an 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
layers. The pinned layer has a fixed magnetic alignment, and a magnetic alignment of the
sensed layer can be programmed to different orientations. The resistance of the cell varies,
depending on the alignment of the sensed layer. One resistance value, ¢.g., a higher value,
is used to signify a logic “one” while another resistance value, e.g., a lower value, is used to
signify a logic “zero”. The stored data is read by sensing respective resistance values of the

cells, and interpreting the resistance values thus sensed as logic states of the stored data.



WD 2004/ 017326 PCT/ US2003/ 023794 [0004] For binary
| ogi c state sensing, the absol ute magni tude of nenory
wa@edd/01713e6i st ance need not be known; only whet P€T/USTI03/023794
resi stance i s above or below a threshold val ue that
is intermediate to the logic one and | ogic zero
resi stance val ues. Nonethel ess sensing the logic
state of an MRAM nenory elenent is difficult because
e techno) ogy of . the MRAM devi ce i nposes nultjple
[00 ‘ghstra o Qinafyolegis)statp sKANG> cBe Rbsoliate Ipagnimdeof pemery cell

. ine of, the addyessed cel.l... In qrder t
resishel BEcd BOLBT KO0, Glly WHURISRRIERENRE i ooy e &' reshold
valud ¥k SBinketnfHdRiE €6 thedllCoridnd 1R dMb RekistAWelvaRS. Rfhetheless

colum lines are held at a particul ar voltage.

sensiRgdbe logjc onate ef imMBAMupetraay siestent ss diffandtsbareunserdie technology of
cell. tends to reduce cell real estate requirenents,
the MM&&V% 1%8?%@@“‘(9’@&%%‘?“&%3-reduci ng costs. A cell
of a crosspoint array, as discussed above, includes
trangj r LSl =hi I |
(00041 28R oI5BT RS U B NP pepcsed cel.

In of % B Géris¥ €hé e, AdwCil diéBhrictRESodhadddll i§ byPiclly Afodhded while the
result, when a nenory cell is sensed it ‘i's arso

remagimingtrow lbyes andicghinin diaet ars heltkatcuparentlapaslageh rRadyking or
. the other, nenpry cells ofﬁkgq%c@ddre sed Eowline. .
climingBpg rapsistors BReh MeFHy ¢ dQirgduce;gell replestageregnijements,

. : n . r | .

incr STk SLRGE BB ol CoufTR AN LABhSpESER 3 s

aboveeingiuties vie! thAB8RrorfC ThSSs actiensiell MRWNhE ¥R sNaTd 88mBit to
about 5% of scal e between the | ogi c oné and | ogic

remaie clscically soupled 07 fespnaivappmoachcalomadines agalVRAlds. As a result,
resi stance i.s tog’gnt,eg ate a cciLQrXrent correspondi ng tQq

whep g anamag; oRll 1y sgnsedy & ipolee shynied byfsigrificantsneak rent path through
the Jtﬁéyh%h{}%ﬁ e BisSS tﬁ%gggrc\g&ldtr% after a given tine
peri od. IS Can be do

ne by appl'ying a voltage to an
i nput of a transconductance anplifier, and

[00GE UMl B h REnverGiehAEMIR AME déviceDyhe! difepsmbibl fekiSfan¥é bétwen a logic
capacitor. [0008] Figure 2 illustrates the theoretical

one amdadegiozenoos tyyeallyrabsuc ROKQ; apdéd ofoxcabed tArcordingly, a sensing voltage

across a sensed MRAM device varies by about 5% of scale between the logic one and logic

Zero states.

[0007] One approach to sensing MRAM resistance is to integrate a current
corresponding to the sensing voltage over time, and to sample the resulting integrated
voltage after a given time period. This can be done by applying a voltage to an input of a
transconductance amplifier, and accumulating a current output by the amplifier with a

capacitor.

[0008] Figure 2 illustrates the theoretical change of voltage on such a capacitor with
time. The time interval t,, that the capacitor voltage takes to climb from an initial voltage
Viuie to a reference voltage V,; is related to the voltage applied at the input of the

transconductance amplifier.



time. The time interval t. that the capacitor voltage
takes to clinb froman initial voltage V,,,;, to a

wo edoenensee voltage V'f is related to the vol t ap@er/US2003/023794
applied at the input of the transconductance
anplifier. 2 WD 2004/017326 PCT/ US2003/ 023794 [ 0009]
As shown in figure 3, however, this sensing schene is
vul nerable to stochastic noise. A noise conponent on

(0003 g™ BRaEFR R Bt LR iR GO e : SalED I stochasti
noisé&' f‘\o&ﬁ th5Stnl oGP l.Itltlg rdtQd \3‘%\7&%3}14%&1@%%:3? ome the signal being

crosses the reference vo ta e

measured. [TBOToJuldeE Afedivieinynt prdd@bkb‘sin aiondalsiradillewhen endoisy
met hod i s needed for sensing the state of a resistive

voltagssignal etossesithe rafRiemre BUMBARY . OrhmisEoldNYENTE QN | 0011]

Accor di ng to one aspect of the present |nvent| on,

(00£q] | (ORGEorplsHg aPhu S s SR B R e %fc% scasing the
state Mrckl%véﬁkﬂo?ﬁcfcﬂmﬁtr%l stance of the cell. The

sensing voltage I's applied to an input of a
transconductance anplifier, which outputs a sensing
current related to the sensing voltage. The sensing
current is integrated over tine with an additiona

current and fiBREHEIUMMARG ORTHEINYENBIANer t o

i nprove sensing circuit sensitivity. [0012] During

RN R e
scnséd;b YORERLL oé £h ﬁacfrﬂd' telPOShe td/ forfd §&8in vQ)lLfagE gh‘?)rs]s tgc cell that is

|rst sunme curren that charges a capacitor.
relateé condesdtaie, ofithe cdbnThasesitig woltageds spplivddoantifipar of a
second negative current, to forma second sunmed
Uanisepdeﬁen@wphﬁ@cwawééytpﬁ@ agspuBg coprent miried & tha fenging voltage.
vol t age. si on the capacit ared to a
The SfEE G of it P EEBRFE ith aphag RERALF Vst g fliseg hrough
amglale@ﬁn&ptoﬁn RE kit Qi scROHPAET - An output count
of the digita counter depends, oh a time-averaged

basi s, on the sensing voltage. By conparing the
[0012] During sensing, the sensing circuit progresses through several states. In a
first state the sensing current is summed with a first positive current to form a first summed
current that charges a capacitor. In a second state, the sensing current is summed with a
second negative current, to form a second summed current that discharges the capacitor.
The resulting voltage signal on the capacitor is compared to a reference voltage. A result of
the comparison is used to control a clocked digital counter. An output count of the digital
counter depends, on a time-averaged basis, on the sensing voltage. By comparing the
count value of the digital counter to a digital threshold value at a known time interval after

the counter is preset to a preset value, the logical state of the sensed MRAM cell can be

ascertained.



count value of the digital counter to a digital

threshold value at a known tinme interval after the
WwWa@owaer32é s preset to a preset val ue, the | ogieeal/ustoas/a23794

of the sensed MRAM cell can be ascertained. 3 WO

2004/ 017326 PCT/ US2003/ 023794 [0013] These and ot her

features and advantages of the invention wll be nore

clearly underst ood fromthe foll owi ng detail ed

[0033282{02 o) S Getruant S ek eeerien wil be more cleary
n\[t(i))g]téilo ing dc]talfclaocygcqp@og{ xgvh.f%? i§ rocwcﬁ]ccf ngngogj\qaéuon with

evi ce Uusl ng crosspoiln ecture,

the Edc@mp%n%@vh&aﬁﬂx isdeal i zed time versus vol tage plot of
an integrated voltage according to one nethod of

sensing MRAM cel |l resistance; [0016 FIG 3 shows a
time versus \B)N%EE{SGRIEEIQN OF duiE DRMWINGSH
addi ti onal voltage noi se conmponent; [0017] FIG 4

(0033 " G 4,BPHS i of FoRisRRO PRV, eviop i 8 crosspoint

shows a portion of the figure 4 device during
arCh?gﬁurs’ensi ng; [0019] FIG 6 shows a sensing circuit
of the present invention in block diagram form

[0016020] FIG. 2&hov®asideiized tinid vegsud iv@ﬁﬁ@dﬂ}plfo@ lof an itk RAGR voltage
signal the of figure 6 circuit with null input and
accardingttecpncamadod ¢fisasing MRAM cclBEsistiows; a ti mi ng
di agram for an idealized vol tage SI gnal of the f| gure

' it first nonn utadre ..
[0036ilLes. FG03 AP oRs & trihv GBI Finge 2164 FHingeurae Fi Hbidditional
voltdge hlsaldhEand@ t age signal of the

[0017] FIG. 4 shows a portion of a magnetic random access memory device

according to the present invention;
[0018] FIG. 5 shows a portion of the figure 4 device during cell sensing;

[0019] FIG. 6 shows a sensing circuit of the present invention in block diagram

form;

[0020] FIG. 7A-7D shows a timing diagram for a voltage signal the of figure 6

circuit with null input and related values;

[0021] FIG. 8A-8C shows a timing diagram for an idealized voltage signal of the

figure 6 circuit with a first non-null input and related values;

[0022] FIG. 9A-9B shows a timing diagram for an idealized voltage signal of the

figure 6 circuit with a second different non-null input and related values;

[0023] FIG. 10A-10D shows a timing diagram for a voltage signal as in figures 8A-

8B, with an additional noise component;



figure 6 circuit with a second different non-null
i nput and rel ated val ues; [0023] FIG 10A-10D shows a

WO povittogr3eé agram for a voltage signal as in fi geeBESRA3/023794
8B, with an additional noise conponent; 4 WO
2004/ 017326 PCT/ US2003/ 023794 [0024] FIG 11 shows a
further enbodi nent of a sensing circuit of the present
i nvention; [0025] FIG 12A-12B shows a tim ng di agram

in fi A-9B accordi toth circuit af

[0023],,'e HIC. {dsepvs piferthencrahadinca’ SE2 sRpag siraiTpf e present
. Spem i ncorporating a menory device having a sensing
clrclit according to one aspect of the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0026]27] HIG. ARASEDB showeAtinfifg dpgiahes ibfighRe 9A9BAcéording to the

signal, representing a programred resistance state of
circuitiof §igutd 1y nenory cell, at a digital counter. A

resulting digital count value, taken after a sensing

(007675, , S0 T5ishbRes SErmplabi e SLnAET Eamaiaga maaory device
ha e Gl e B0 RN bl L Pres oy 0

Figure 4 shows, in schematic overview, a portion of a

menory devilRETARCEDr DESCRIDTION @D EEIE OINVIBNTION

i nvention. A crosspoint array of resistive nenory

cells are configured so that resistance of a )
[0034dt i culTdic presest ynveation ppgrases byeisceiving xtgpal, rpsesprting)a

vol tage. The device.5 includes an gluayéﬁ.of VRAM A It
progigietd esistangF Statg of § respOue MERPT B ey j2cligig) counter. A resulting
ERRCHEL if ) 075 BB AL LbfohagerBiunc st of
merpbty @lli tBecafiserthe/cbifiegal e is sligitised agdl asdibifddedier ah lextended time,

_orthogonally to the plurality of colum lines 12,

hight&cqnensy ssoghiasticaneiss iothesyssemap filtergidoont. at t he

respective crossings. In other enbodinents, the row
[OO?gﬁ a? i0|o 1gur|cl4ns Sovx(f:s?{]n .?c crqllatslgJ %\S/cergficlwr] aopt%;rltigrliI of %prggneugry device
according to one aspect of the invention. A crosspoint array of resistive memory cells are

mnv

configured so that resistance of a particular memory cell may be represented by a sensing
voltage. The device 5 includes an array 8 of MRAM cells 14, a plurality of spaced
electrically conductive row lines 6, and a plurality of spaced electrically conductive column
lines 12. The plurality of row lines 6 is 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 of the plurality of column lines by a
respective plurality of MRAM resistive cells 14. A plurality of switching devices 51,
typically implemented with transistors, are 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 Va) 24. A control circuit 61 includes a row decoder, and is
coupled, as illustrated by 62, to each of the plurality of switching devices 51. The

switching devices 51 are adapted to alternately connect the row lines 6 to ground 20 and to

5



to one another. Each row line is connected to each of

the plurality of colum lines by a respective
w@bkamaliey of MRAM resistive cells 14. A pl ur abCT/ySmin3/023794

switching devices 51, typically inplenmented with

transi stors, are each coupled to a respective one of

the rowlines 6, to a first source of constant

potential (ground) 20, and a second source of constant

otqu g (arra voltage Va) 24. A control circuit 61
a soprce| of yeltage, Vv divaderethe cantrol of comsplicisquit §d. The control circuit 61

of, t.he Hl
mail(eh R R o e P REn o ie A1 2N Al Py i grounded
condiéidn! SWwitchird 88 211NsGRRO B sthidofTstitc vice!d) when row 54 is
ground 20 and to 5 WO 2004/ 017326 PCT/ US2003/ 023794 a

sclegodidoeingfa read trge, Aydulityuoithensing eircaint 5® hreafesprativelp konnected to
circuit The control circuit 61 nmaintains each of
tthllﬁ‘éalBYQfﬁqj’xW]é‘FCSs]\fatchl ng devices 51 in a default row
i ne grounded condition. Sw tch| ng device 52

[OO%b us tral Ssw elF %lhsgpghraﬁrgvﬂ 3 \%ﬁ pip ?lcg&v 'allcfoléér:\éﬁaetr}n&g\{vams the

Ing. & rea cyc

van@@ramﬁcﬂ ipogetitals R IAFIE LSRRG b Opeews CTRAPGWRE sﬁpbly HBfnes three
plurality of colum |ines 12. 29] A power supply

potqmtialsi iy dmgsogronadgloteitiad 20i mbpmhnggelmngcnﬁ)rrtha cirsuit

t he rjous el trlcal pot jals af which the
clemghts, gnd tbﬁ@?'é% FheEopaied 8 @ﬁmyt 1hqyes Iprangaspect of the

mvcﬂabﬁnmc%%tagg%% RepProliRiial, £obn 1@l 20, an

operating vBltage circuit elenents, and
the voltage Va 24 connected as indicated above. In one

[00306pect @h Fﬁ%ﬂﬁc 5i, seledttd edw lind S4vio khwe ¢ ﬁ%l%& tbhe voltagc Va 24 by
approximately 5 volts. [0030] In Figure sel ect ed

seleqtodyswitaaing4leivise SBovh pamigplag dddwstedecohahh dige 3@eode iplurality of

sel ect ed swi t chi ng vice 5 A artlc | ar addressed
colugip fiis T2 Reisarhorty ﬁfhcppm%@f fpegpory ¢ éﬁﬁhﬁ‘i %glcm the selected
row%n%%‘ls{]ﬂ’% é)a \Bﬁr J é&rﬂhzmxcmr%sg(iﬁug at%%e par%pc Y€ scnsmg circuit

connects ecte row |

130G9bpérativdly Codikctéd & &Sluinhl it 3BFRGending B8PRSIER¥ DS the column line
sensing circuit 130 is operatively connected to

30 with mespedtitnegraond 0. sensi ng the vol tage of the col um
line 30 with respect to ground 20.

[0031] As illustrated, sneak path memory cells, e.g., 34, 40, 42, 44, 46, forming a
subset of the plurality of memory cells 14, are connected between the column line 30 and a
respective plurality of row lines 6. Each row line 6, except for the one 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.

[0032] In one embodiment, the resistance of selected resistive memory cell 38

ranges from about 900K to about 1.1MQ. 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
6



[0031] As illustrated, sneak path nenory cells, e.qg.,

34, 40, 42, 44, 46, formng a subset of the plurality
we@boomemmsee cells 14, are connected between thePCDUS2M3/023794

line 30 and a respective plurality of row lines 6.

Each row | ine 6, except for the one connected to

sensed cell 38, is grounded by a respective sw tching

device 51. Thus a voltage divider is forned by the

paral | el conbination of sneak path cells, e.

resiggcespate 44n aggrieaaratevisg, the lawrandshighjranges H@gﬁdt o?:iﬂap. Itis

i cyl i st |l 38 being. . Col .
undRiasEHhef aef R B8 ResPhslom e o AEkER <R maymachd iers
resistfildeSafiRd tb MhideaRGHe it InvéRtiod Eﬁaysxﬁﬂﬁ:!tHCch‘é %lctc"i’lggtiv%ﬁgoapphcd.

colum line 30 1s coupled to the’sensing circuit
[0032] In one enbodi nent, the resistance of selected
[00883i st i \Fegurerillysteatd arB8mbodimyas dfitherirnation 90 0KEH Dsensing
. about 1.1M52. In various enbodi ments prepared using
circyig 208rdas aa dnpus nagle, 2 Leeanngcted| to aredumndineedthef/a trsistive memory

f ' nge. f. bout 900KSI . t b |
deviphe. Th Bt i SRS st ante frobbedt s o The
tranS§@HductantMmplifit MRasll @dhsf® AR ERPAR YR B current 214 output at an
PCT/ US2003/ 023794 resistance state. In a particul ar

outplenvnaxk, 2 kthef thevanaplifichisgelatahges voleageaipptive at apinplult niodle 218 of the
phjjggersilood t hat advances in the technol ogy of_ the
amplfier.s Thg eugRyt nads2 1o f the gmplifiee isiconpectrd toa disstiplatg @20 of a

t hgh _th £ es I pvent i,on nmay_nane | ess be
capdctpbdefutd § Pepiing a2 CcdoreR Snteor pafu i s 28 ofa
curBfPSSlirB8 Bilkcu?d 2301Snd6pAbAAL ) it A utPu®2 328840 halog preset circuit

circuit 200 has an input node 210 connected to a
234c dk shouldibeen@6d oliatahe asicsibhwe the andlpg pdeset ciecuiflimay be performed

sensing cifcuit includes a transconductance anplifier
by aproperingonfgud tonesdasaacapplificred] ymgkingta sgparagy analog preset

. f. i c h current ut put_at a out,put
crci BEG AR Tt Bhrofs FlifHefefal HateT o FRetty oply or
witlRRRWa8Grdnt &onh BRUfirsPefaciediSplofe Zilﬁaccafﬂih% it Bhe stdRf a control
out put node 216 of the anplifier is connecCted to a
signfl apyiliedlaat €oB@0] Dipua236 ayfalnd twrerd2dnrded 30. f The tlock@litomparator
224 of a clocked conparator 226, to an _input_ 228 of a
2264p¢lugdes 2 s5epd Ryt 23§ adapigst tobrimaiseingd ar p ygfereace poltage Vi 312

(ﬁgl?x%t’}pA‘)t b}2§ ?cfgxfenegv&pa%lc%gupcrc%%t, a%ﬁé&%ﬁut 242 adapted to receive a clock
signal, and an output 244. The output 244 of the comparator 226 is coupled to an

up/down input 246 of a clocked counter 248 and to the control input 236 of the current
supply circuit 230. The clocked counter 248 includes a clock input 250 a preset input 252
and a digital count output 254 including a plurality of digital output lines 256.

[0034] In operation, a preset voltage 311 (figure 7A) is established across the
capacitor 222 by the analog preset circuit 234. A digital preset value is established at the
output 254 of the counter 248 by a signal transition applied at the digital preset input 252.

[0035] Assuming that the preset voltage 311 on the capacitor 222 is less than the
reference voltage V. 312 applied at the second input 238 of the comparator 226 the
output 244 of the comparator 226 will apply a first value corresponding to an “up” input

7



234. 1t should be noted that the function of the
anal og preset circuit nmay be perforned by a properly

wa eovitiogiseed transconductance anplifier 212 nmakP@myU82003/023794
separate anal og preset circuit unnecessary. The
current source circuit 230 is adapted to alternately
supply or wthdraw a current fromthe first capacitor
pl ate 220 according to the state of a control signal

ac RS b B B Gop a4 S 508" ah ek iRve 2aet he
comggﬁtﬂr rcRe3B £EOER siBRATRIMRIIN) ePh&firsf vAIRE %ﬁ?é/lgth)tyatgg comparator

tage Vv, ,f 312 (figure 7A) by a reference
is alssapptied 2d the eomtaldkpunpid oPdiz cndeent eolurice cirewie286. aAccordingly,
clock _signal, and an_output 244. The output 244 of
curreif 2 @ofhoras Hpat theagpus228) egwesrf-pbscaﬁcc EisPHbHA0 s@ pato rise the
of | .0 dc ter 248 and tqg th ontrol input 236
voltage cﬁh%mccﬁab ?Celﬁ r%@uag)ﬁﬁ TRiPredt Y&%.esfflhe cl ocked
counter 248 includes a clock input 250 a preset input

[0086F anBigard 7@l shakws Re AdsuRinloRibltage Qighﬂl‘%()ﬁjbﬂ Yh@capacitor 222 when
plurality of digital output 1ines 256. [0034] In

no volregeais iappliedhapinpee? 18 of tmghfid12A1X.f i gure 7A) is
est abl i shed across the capacitor 222 by the anal og

set circujt 234, A digital preset value js
[0082 a1 i Thedoliess A& o § Gapagitar 322 rises abaathe voltapeshreshold
[ t [ L hed at, the digi [ t
e8P 5 Ao b5 LA BBl PR heratr,
the Vdlg€ 3RAapAQFor222 ¢chrRestd AR uldle: clb& BhsfE6En ¥PLILAISgnal 306
V'f "312 applied at the second input 238 of the

(figuwropanadaec@dat tthe clookiinput 222 bhfahe tbmpacuma?26.0Upda6detection of a

wi || appl first value corresponding to an_"up"
clock Fraﬂ%m?nv%cgesl&ﬂcﬁafs% thecqutpup @44 /of 2amparatar 226 soggies e g., from

o2 S USO80 A1 50 Bl o e
extrattifBurleh®D80 oM thd Bpatitdrsi2y ahyeubhP2E0 BYwh BEt (2)§3 t6hc capacitor,

conparator is also applied to the control input
the woltaghendahe cepicitoo falls ¢o cindcuhien 2RO thc cederdhegioltage V., level.

current 262 flows fromthe input 228 of current source
Theggaermheaghe §E$§l&r@? A6 3einpHe 249 G cagwagior A6 transitions, the
i;gg Que. its preset voltage 311. [0036]
Cmﬁ‘?‘éﬁ"?e uéﬁoé@gta;égmf esul ting voltage signal 302 on
the capacitor 222 when
[0038] The resulting voltage 302 on the capacitor 222 oscillates with a symmetrical

triangular waveform.

[0039] Figure 7B shows the counter clock signal 304 applied at the clock input 250
of the counter 248.

[0040] Figure 7C shows the comparator clock signal as 306 applied at the clock
input 242 of the clock comparator 226.

[0041] Figure 7D shows an output count value 308 exhibited at the output 254 of
the counter 248. Note that the output count 308 begins at a digital preset value 310.



no voltage is applied at input 218 of anplifier 212.

[0037] The voltage 302 on the capacitor 222 rises
w@bovei1be voltage threshold defined by the redBPUS008023794

vol tage 312 applied at input 238 of conparator 226.

Thereafter, the voltage on capacitor 222 continues to

rise until a clock transition of clock signal 306

(figure 7C) is detected at the clock input 242 of the

ator 226. Upon detectiop of a clock transition,
[0§42T &5@ countes cyglically cqus amm@?mztb& REFSeE Sl A frck Bt
(&..0. rom. ‘up' tp." S [
CopfaRefyf tounieraBuprilh viddp P MRernaEBRNR ¥ repage value of
thedigitAlcddun@ercddun e R m A0 st BseiRclalie cSaRaR! (neir heigifd preset value).
current 260 flows out of the capacitor, the voltage

Stazhastivenaiseprahe aiputaifitbe tompamntbrithagncduse de ¢denter to increment the
reference, voltage V,,f. level. Thereafter, en the
coptgRReTLIC @h%wld:m%- £overiiisnge, hoyoeven, r Patss vl 3gnd 16 cause the

g 4 out . o
cobER ARl sl ST RLGemBHb A rob AR ESAHE: Tho noise will be
selP&dticklimt. eThwicblinr S¢reRiré h&dto filtér GhigA froqaeReOfidibe in the system.
[0039] Figure 7B shows the counter clock signal 304
applied at the clock input 250 of the counter 248.
[0063)}0] FWhenethz dnpitovedtagh signalmpatied 00 thd mpiat 211§ redithaamplifier 212

s AAPGR B ToRONDRIY 2P L4 AEPliE I St 220 of the
GprraRsD
coi B RER LAt B ECaR el PRV e Rl torhih Bk Eblace 222 of

thcﬁé(?h&i&ir 20 eehitn W dHriterobthBe is&gﬁﬁk@&gﬂ{@iﬂaﬁae;@lS of the amplifier 212.
PCI/ US2003/ 023794 [0042] The counter cyclically

counts away fromthe preset value and back to it.

[0@44} e quedhE wurrene 2 b4 drene thecaruplifier 23 2zavddls dvavin the currents 260, 262
alternately, and . the t{jne average, value of _the

frogy e QIO SARKE O Wik forecrathils, FF%HSF;Pfég"n%‘ffé?ﬂtZM out of the

o8 O Bl B ), o LI 28 By oy mor
quickB SidedicHaRges slightly more slowly than is the case for the signal 302 of figure 7A.
Consequently, in the time between transitions of the comparator clock signal 306, the
voltage on the capacitor 222 tends to rise slightly more than it falls during the immediately
following inter-transition time. As a result, the average voltage on the capacitor tends to
rise over time until the capacitor has accumulated excess charge to a point where the
discharge of the capacitor that occurs during one clock interval is insufficient to bring the
voltage on the capacitor below the reference voltage V,312. Consequently, the voltage
320 on the capacitor 222 is above the reference voltage 312 for two consecutive transitions
ty, o (as shown in figure 8C) of the clock signal 306 applied at the clock input 242 of the
clocked comparator 226. This is reflected in the digital count at the next subsequent
transition of the clock signal applied to the input 250 of the counter 248. As shown, the
time average value of the counter output changes from a first value 324 to a second value

326.



count when it should not. Over tinme, however, random
noise wll tend to cause the counter to execute as
WOR0W/0SP326 | ous decrements as spurious i ncr enmenteT/US1063/023794

noise will be self-canceling. The counter therefore
acts to filter out high frequency noise in the system
[ 0043] When the input voltage signal applied to the
i nput 218 of the anplifier 212 1is non-zero, a

respondi ng naon-zero current 214 is applled to the

[00‘?&?1 st szea@sezQﬁdszmﬂﬁw of cyprsar 2ot roppt mnk@crs%ol?slﬁm\glc

capafSt EE MU WS M BIEoUR ER TG ahd Sie Ll rasf ol on che
digitaPcdulifted WilkdecedBe Of a k1€ c@H‘@é ofnkiﬁ{&t%]t%c m;{é}gﬁﬁc Jftfe voltage

current 214 fromthe amplifier adds with the
appledrat ¢t ;p26Q2182d2he Ampiifieh2l Zur rent source circuit.
When, for exarrple the sense of the current 214 out of

e anmplifier to charge the capacitor 222
[004‘?% cap ’c&“f‘bg 216?@35@@%8% Fw;aluﬁ@@(spurqwm@tgaﬂcfoumcr 248

AT 8 SR, 0] e 930 B e

exhibitdBad@le WRRPut 23N 8F tHeasclel cbhﬁt&marﬁicoﬁoﬁi&ﬁﬂ axis shows time.
signal 306, the voltage on the capacitor 222 tends to

rise slightly nore than it falls during the
[0047hedi aTbt graphodf figuirn $ B thiue shows ras ititricoty, 4 tomnt vatuea310 equal to the
wyp fesult, the ay vol tage on _the capacitor tends to
digjtalgpresss vpluel nd %&rﬁ Cf’tthé C@B’bra\‘ﬁl‘%iio%’é% uac%lenwwee dlgltal preset

valuchgf)?@ £ Qﬁl{i% &kl SoRnR 8' Vég of §reidt %kﬁcd] ATHS 2 aqccyrg rcpcatcdly

capaC| OCCUTS ne C Interv

until, Bs Hhdel tﬁ' ettt cduthtirbpd 32@ Bne !&&fu@ﬁﬁl e o SRS ?itﬁlctfrcsct value 310
bel ow the reference vol tage V,, 312. Consequently, the

to (‘ngltzdgmcsceﬁadu@’h i h82Zafacisome tR2Q thescafitwoyas shben, the count output

r ef renc Ita for t £on ecutlv% transition .
variqs it (e REWEtTO LRI EHAITESE EABES - B) SEnend cisiial pegte value” 310.
306 applled at the clock input 242 of the clocked

[Oomrpar aﬁg}{gggb gé@)ﬁ ?ﬁ% ?cs{,lfr%{éx Elt?agc SlgPSJth% c%paglﬁg 222 when
a dlfvd@aiﬂ @%. Usgth Gvoﬂtﬁgélis apple@to Hb:elnﬁﬁt'ml@bf a@amﬁﬁﬁ&mw As in the

the tinme average val ue of the counter output changes
figufferG@ncasef ﬂrcsavcmgb: weltagalon chacapacioodriseslover tid26 Be@aw®the current
214%1985&1& 7P a?n%ﬂﬁ%?%qg %g:ggtﬁan in the figure 8A case, however, the rate of
this rise in mean capacitor voltage is faster that in figure 8A. Consequently, as seen in
figure 9B, two consecutive down-counts 342, 344 occur more frequently than is the case in

figure 6A. The result is that the digital counter 248 will decrement from the digital preset
value 310 more rapidly as a higher voltage is applied to the input 218 of the amplifier 212.

[0049] Figure 9B graphically illustrates the count value output by the digital counter
248 corresponding to the voltage signal of figure 9A.

[0050] Figure 10A reproduces the graph of figure 8A, except that a noise
component is added to the voltage signal 320 on capacitor 220. As is apparent, such noise
may cause the digital count to transition slightly before (figure 10C) or after (figure 10D),

the transition time t, of a noiseless system (figure 10B). Such early or late transition,

10



[ 0045] Because of the inflow of current 214 fromthe
anplifier 212 into the capacitor 222 this situation
wownd/otBpeat periodically, and the tinme aver agedr/vsumns/ 023794
on the digital counter wll decrease at a rate
corresponding to the magni tude of the voltage applied
at the input 218 of the anplifier 212. [0046] Figure
8B graphically illustrates the val ue output by the
digital coynter 24 corresponding to the voltage .
howgygnans B9 sybsgntial g‘%ect PR dtimate cospt detssspkafier @irgltivgly long
. exhibited at the output 254 of the clocked
smn%@ﬁ#?%@‘?ﬂS. The horizontal axis shows tine. [0047]
The graph of figure 8B thus shows, at tinme t0, a count
[005R] ue 3Feeualshb@s hifercheispedraf the @iRhti¥A it ®hich a second amplifier
Thereafter, the count value counts up one unit to
stag¢ iscimployed to Badter incatase signal) seBAG Vi1 d Ab st kiguievdy, the vohiege divider
.digiital preset yvalue 310. Thi,s occurs [epeatedly
33 ifgfisies colimp e 30rmutyaly <puplvd taret eabotre ssaeck memary cell 38,

T T Sob 8B A B k2 L Gy e

also 860plad tbltRe cOlufin K BOIL A s¢bhd®ndVof the JnidRk PRIHVREBtance 39 is
("digital preset value" - 1) 327 and "digital preset
coupled mgrami pote004 R0, and ursec@nl eidnk thtehrensaesmbmomycell 38 is coupled

vol t age sign 34 t he capacitor 222 when a
toa&?‘f“fc'ég’zﬁfra o .gq&.aggﬂ) vol tgge is applied to the
i nput 218 of the anplifier 212. As in the figure 6A
; . t . j i
[00???”?:5 e %E‘F?ﬁ Qird@t g ?ig%gclgi] %w&ﬁ? Iﬁfe\t'(ljﬁ(gé; a{tkaéﬁ?ox?&ﬁecrtancc

Beca the current 4" suppl 1
ampdfied 212 esithZkinpat 2 B8 @6{1]}311%& abiriput hbde 2104oah8 CokAs€line 30, and an

however, the rate of this rise in nean capacitor .
outpps|2t1@geoupled wsthefirstipdatei220f ofqufinst SvaciGun22ubmstdad ofdwing directly
een in. fig 9B, . t consecutj ve down-counts 342, .
coupled to,af inputott b FloFkRehEamPHAL 426, BRwersks g srparier ilate 220 is
: to J | Ol . wi ||
coulQ R MERANS O fofer s ok Bhe BRIRG 02 T

rapidly as a higher voltage is applied to the input

[0023B of tneowrppt 516 ef drlfirthel @AAQonbuEtdhE: ABplifier 512 is coupled to a
graphically i1llustrates the count val ue output by the
secondgilatal520mnfrit sseondampacisor B2homdi toght anpuite 2dodf thgelocked

comé%%@%' %?g'f &bg 5@‘3@%@2&8@?@ ]CHEE. ¢ ragwﬁgéééré%g&%ﬁaﬁré the input
246 YA S ehek P24 O%ﬁa&ﬁlgi@%&ﬁs 3PP s Bnf 2BAEh! a{pp%?&cu?? 530. The

i's apparent, su
output 224 of the clocked comparator 226 is also coupled through an inverter 503 to an

input 536 of the second current source circuit 530.

[0054] The current source circuit 530 thus acts in counterphase to the current
source circuit 230, such that circuit 530 withdraws current 260 from capacitor plate 520 at
the same time that current source 230 is supplying current 262 to capacitor plate 220 (and

vice versa).

[0055] In an alternative embodiment, a single current source circuit may be used to
supply both capacitors 222 and 522 with respective currents. Also, a further analog preset

circuit 534 is shown coupled at an output 532 to capacitor plate 520. One of skill in the

11



may cause the digital count to transition slightly
before (figure 10C) or after (figure 10D), the

WO cena®iten tinme t, of a noisel ess system (fi gRpeEUSIOB}/023794
Such early or late transition, 10 WD 2004/ 017326
PCT/ US2003/ 023794 however, has no substantial effect
on the ultimte count detected after a relatively |ong
sanpling duration. [0051] Figure 11 shows a further

are wguli acly gl o th tPLhacieS SrIgras 3T A MRich a Shele analog
presctXELIniy bict o Geabllet b Gk Polodpdtont Behitdfacitots 285 andf$22.

Alteattlgforichfiay ep siadusedabyve; effectIBdesirad dndlof ipr&kt 86iflg @lic amplifier
_ the sneak path resistance 39. An input node 210 of the
circudts 242 §12i sushithat Bo seplazase andpg Presebcirduit is sequired. i ne
30. A second end of the sneak path resistance 39 is
pl ed; t o _ground tential 2 and. ond.end of. . .
[00%:]: senglean%@%ﬂ/o@@ﬁm‘f% O %lﬁcr ?ﬁ%ac [SRosisve gain, while
$3bla8fh iQ0 ' | i 1
the e 512 AR A pacek o, The B thP yhfifc {ppHed aPinpuc 518
incréasa ottt Slddlovanglout o€ inplit 516 ddirdsesi (0P iticrdab8in a negative

coupl ed at input node 210 to the colum l|ine 30, and
sensdn Hengepin opamtienyiicaircnis of figufd kb tenslsdo sopppupyrather than down,

fromg Ao R e, J5F cXAiOh &7 i b B G AP b op Higgs 12 and 12B.

however, the capacitor plate 220 is coupled to an

[oos'[mopggt SEZued 12AfHEGD e wlﬁaregém &RGEs BB dRE. FThe actual

3] AN output 516 of t further transconductance

voltagegraph @oubdlBe compostd efbet ondiordre conds,rhdice tatOlif segments. The
second capacitor 522, and to the input 224 of the )

graphshewadias Osemp approsimated withhlinesegmentofon case ofireprsbantiéen.
conmparator 226 is coupled to the input 246 of the

t 248 d, the.i t 528, 0f d t., .
(00001 U7 B 1 B bl gt Soufed P9 crEi b RGyth time from a
digitaOpR&t¥aRfe A4Pin RlafoRtoGAY BE@%&BH'V&*{H&M{ B ki 1903

to an input 536 of the secdond current source Tircuit

530. [0054] The current source circuit 530 thus acts
[0059] counitesshphhbbke hotddhacthertne-average value of the net current supplied by

current supply 230 of the figure 6 circuit is equal to the time average value of current 214,
taken over the same period. Further, the time average value of the counter output may be
made to trend upwardly or downwardly depending on routine selection of circuit
parameters. It should also be noted that in one aspect the input node 210 of sensing
circuit 200 may desirably be coupled to the column line 30 in series through a capacitor so

as to filter out a DC component of input voltage.

[0060] In a typical embodiment, hundreds, or even thousands, of cycles of clock
signal 306 are applied to clock input 242 during a single resistance measurement event.
For example, a minimum of 500 clock cycles will yield a resolution of 0.2 nanoamperes
with respect to current 214. As would be understood by one of skill in the art, the

selection of clock frequencies, and the relationship between clock frequencies is a matter of

12



source circuit 230, such that circuit 530 w thdraws

current 260 from capacitor plate 520 at the sane tine
WO b@t/oc1seé ent source 230 is supplying current PERUSIN3/023794

capacitor plate 220 (and vice versa). [0055] In an

alternative enbodi nent, a single current source

circuit may be used to supply both capacitors 222 and

522 with respective currents. Al so, a further anal og

ol SO AR B
co M&l&?{%@atEQI%frgﬁégggal@foh?Wé}dn{ag A doY

derive fromthe osufe acirculrt iIn

which a single analog preset circuit is used to
[00sdt]abl i Shgarepk 3 Hiektrael hagecmplatyoprioceapgsystensd @R Xhivhdutilizes a

522. Alternately, one may, as discussed above, effect
megogpdsviesal 4 pmpleying Hietcllrssistaneerrensing cireiis 200 the present
. 212 2, .such.that no arate anal o reset circuyit
invetiiop, o1 e peenno B BRI e ol Mgt oRT coupled to o
locdl ibis 908! 14 hitincry 2081DIE 962 BRFL PEMAPBL brithl H83 afQ 1
ocanplsifier 512(§§hfbits negativebgaiﬁ? Thugggas t he so coupled the
local bius 204 . Al predesaingi sysratm FIBmay irodlwdes mstiplb enciniofyaohtrollers 902

4 fl ow ng. out of t 516_decreases (or increase in

5 ) |
and,op gyHtp @ﬂ@@wéw.l;qrc]&g%?&i A hg paeraerygrentraiier 202 apdithe primary
] ond t t han down,
busHridee by b SRR G5t HheReGR 988 ¢ of chis

behavior is shown in figures 12A and 12B. [0057]

[0062qur e IR slefitsty tHRrYd rigRess QBo %oﬁ?ﬁa‘“{bt&fc oraRoRMAEmory buses
time. The actual ™ voltage graph would be conposed of

907 eEahdnomdey busiaccepts manhbar caniponednitn@0 8, eginieh rscluddst least one
graph shown has been approxi mated with |ine segnents
memgry deyies bf contginedierallaesisive spnumgpystsry of ghe prseytdprention. The

o 245 | Cth ot
e e ] A0 SRYNE oy DEETER T S8 o
meBEY Alodales YhcladesifikleGHline SlerddrP Hddulds: (STPOAD] apld dual inline memory

shoul d be noted that the tinme-average val ue ‘of the net
modules ERIMigp| Thedmlomnory vompnherss FPBymBBidchikdetdne drimgoreeadditional

deviegs D0t Fon sTamplaiisra SN or D1 5bHe Cirosdcionstgierise209umight be a
coﬁ%ﬂﬁd@ﬁ%%gr}x 2hY€a9] sL:F ch é’lr{]ctcec{ct&lét(%) rIrnaeymct)Jrey. The memory
controller 902 may also be coupled to a cache memory 905. The cache memory 905 may
be the only cache memory in the processing system. Alternatively, other devices, for
example, processors 901 may also include cache memories, which may form a cache
hierarchy with cache memory 905. If the processing system 900 include peripherals or
controllers which are bus masters or which support direct memory access (DMA), the
memory controller 902 may implement a cache coherency protocol. If the memory
controller 902 is coupled to a plurality of memory buses 907, each memory bus 907 may

be operated in parallel, or different address ranges may be mapped to different memory
buses 907.

[0063] The primary bus bridge 903 is coupled to at least one peripheral bus 910.

Various devices, such as peripherals or additional bus bridges may be coupled to the

13



made to trend upwardly or downwardly dependi ng on

routine selection of circuit paraneters. It should
wa@bm®aeobs2aot ed that in one aspect the input noeer/24003623794

sensing circuit 200 nmay desirably be coupled to the

colum line 30 in series through a capacitor so as to

filter out a DC conponent of input voltage. [0060] In

a typical enbodi nent, hundreds, or even thousands, of

. d :
peBYBHE 3508 5 BBl B 388 b ol “PRgcctancos
I/ G X0k 914 2a SBnaYY Kls LY 1BCK Mﬁhﬁ:ﬂlé"% dee%bEHTS aand an legacy

resol uti on of 0.2 nanoanperes respect to current
devRt4ntetfaceB20d The privdeytheddidgy 993anaf alsdx toupled td e or more special

art sel ection of cl ock frequencies, and the
purP@?f‘ah%BﬁB?ﬁdpP%% %e2n Ir paersonalsnmepitEb SOr examples thespesial purpose

por}:?mm 6 9{&183{ ﬁ (Fi)gx[a#éég gég&?\? 4Psc{cﬁ§<{ éc?lﬁ)ég § ?‘ugqx performance

or “exa

vid€OrRraaithé ﬁkgg&l Sdrdoh@0pcounter clock operate at the
sane frequency al tthough they may do so. [0061] Figure

13 illustrates an exenplary processing system 900
[00G#]ch utThd stesage comenotley 9 Uk voupled dneopioye sgrigredavires 913, via a
res e sensing cCir U|t 200 of the present
Stoqaﬁelv 332 t pseipbisd bug 210 s Ferrxamop! ancmég@ﬁ@nres@ﬂcwll may

o T HRESHIHR ARAE LD L 7 4D g 314y
be ﬁ{ r€UErRthetdle For @gahpleUthe 04 diiiee P14 9&&%’%@&1 Pt £8 network

may 1 nclude nmultiple nenory controllers
mtea(fadst,muclmais an ﬂi‘]tbcrpr:t cady ThesebondigebudbRdgd, hﬁy I’uemtd{ to interface
contraoll.er 902 a primary bus bridge 903 nay be
additignal 33‘(1%%? A% a%OfEth é}l%t(ut%\ﬁ Rretessing SySeB2] orwecawe#mﬁ}c sccondary

o S50 0P RUR RS BOEYSL VRS TR e

917518 to \the pfocesitdgisigreat 900: a%c%ﬁlunf@ﬁ@?bbc@ﬁ& 9¢8 hfay be a sound card,
contain the all resistive sensing system of the

a videe sapurd earénes ay. od‘ihetypnmfmmgdm:mm&tenWmMaymlyo be caupled to
rd or a ne I anpl nor

o S PR Rl R PG e MRS5S T BERRAY is used t

cou%ﬂidlcgﬁjc@l dc'v{llcé,r}gr BRI, older styled keyboards and mice, to the processing

system 900.

[0065] The processing system 900 illustrated in figure 13 is only an exemplary
processing system with which the invention may be used. While figure 13 illustrates a
processing architecture especially suitable for a general purpose 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 900 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 901 coupled to
memory components 908 and/or memory devices 100. These electronic devices may
include, but are not limited to audio/video processors and recorders, gaming consoles,
digital television sets, wired or wireless telephones, navigation devices (including system

based on the global positioning system (GPS) and/or inertial navigation), and digital
14



nodul es (DI Mvs). The nmenory conponents 908 may i ncl ude

one or nore additional devices 909. For exanple, in a
wkdibor2dl MMt he addi ti onal device 909 m ght PBUS2003/023794

configuration nmenory, such as a serial presence detect

(SPD) nmenory. The nenory controller 902 may al so be

coupled to a cache nenory 905. The cache nenory 905

may be the only cache nmenory in the processing

I wgl ther devices 0 exanple, . .
cort L SR ek Ghel e oo Rt el Rl R @Peasfipipation of
unmeysshBr Wnip RGBS ad ik iXH ; i
t h_essg?gc ggps Rans ;Sltﬂl'g%hg%fgﬁlé’%%l(}z&g éﬁgiggsie%ﬁfr%?té, %%‘or ifitegration of a
plugdity pbe¢vices. whi ch are bus masters or which support

di rect nmenory access (DVMA), the nenory controller 902
he coherenc¥ protocol. If the

i npl nt ca
“"@?ﬁor ;m Pé‘?fFréF‘g emporyments of Ehf in¥enfiqn havel beep dsseribed in the

TETRE UEESe SR8 BES BB I e, SO0 o
are hot €@ bt eodidere® AR lithitik!S RAdRDhs, dAAFHs, ﬂlﬁuﬁ{eﬁrcgﬁ,r %l’bé)galcr

bridge 903 is coupled to at |east one perip S
modifigationgggandesmaide/ witheut deprintiag fipar thphwpind & R6pe of the present

. addi tipnal ,bu ridges may be coupled to the 13 WO

i A3 ISP Gb noH Lo DekPpReEH 3 snigthy the forcgoing
ﬁﬁggh | el S age cantrpoller 911, an

dcsar;i scel anlg g)g@ ﬁﬁ%‘gi gg\# %gcogfé?ff?éc cc&giﬁércf}”%s bri dge

915, a multinedia processor 918, and an | egacy device
interface 920. The primary bus bridge 903 nay al so
coupl ed to one or nore special purpose high speed
ports 922. In a personal conputer, for exanple, the
speci al purpose port mght be the Accel erated

G aphics Port (AGP), used to couple a high perfornmance
video card to the processing system 900. [0064] The
storage controller 911 couples one or nore storage
devices 913, via a storage bus 912, to the peripheral
bus 910. For exanple, the storage controller 911 may
be a SCSI controller and storage devices 913 may be
SCSI discs. The 1/ 0 device 914 may

15



be any sort of peripheral. For exanple, the I/O device
914 may be an local area network interface, such as
wanoEinBeanet card. The secondary bus bridge mapChesue®o023794
to interface additional devices via another bus to
t he processing system For exanple, the secondary bus
bri dge may be an universal serial port (USB)
controller used to couple USB devices 917 via to the
processi ng system 900. The #phiNfgedi a processor 918
may be a sound card, a video capture card, or any
ot her type of nedia interface, which nay al so be
coupl 8¥h4tds claineedhakdidv amd desieedi tods mrocdrtak by peaksPatent of the
919, The | egacy device interface 920 is used to
'Un%%hﬁpgmﬂggacy devi ces, for exanple, older styled
keyboards and mce, to the processing system 900.
[ 0065] The processing system 900 illustrated in figure
13 is only an exenplary processing systemw th which
1. the\ heviesd bPsensiyg DRsitafce stiiei df debigtifeemémoly LdlBédndpsing:
a processing architecture especially suitable for a
general purpose conputer, such as a personal conputer
passtig a cwoeRsthaeighn said meshenyl cgll e craatogMelzags achess ssidimemory cell;
known nodifications can be nmade to configure the

rocessing.system 900 t.o becone .nore i tabl e.f.or use

" 25D Gag Pl JOlet phepr el e Grieeege -meliist £ = figii colifter

el ectroni c devices which require processing may be

I mkﬁeseemg thd/&hBaifg ShdBEGEmRNERE b ikl Qowhiet RohMl hR3id digital

on a CPU 901 coupled to nenory conponents 908 and/ or
countmrsngh deariagaevih@Qveripe sdue béstid oount, sewedesertme, changes at a rate

i nclude, but are not limted tqg audi o/video prgcessors
relaggdtor ppgpaisnde oém ¥RltagsAsEse said reigtive aperperyesels ansh

sets, wired or wireless tel ephones, navigation devices

. T e nones tion |
Gy SELHHE AR SHEAGMORTARE, a0 B 2Rt FOR bkl co said
resistdndRrAQUAL AU 1326 RGI4LHER0QB! 023794 caneras and/ or

recorders. The nodifications may include, for exanple,
elimnation of wunnecessary conponents, addition of
speci al i zed devices or circuits, and/or integration of
a plurality of devices.

2. A method of sensing a resistance state of a resistive memory cell as defined in claim

1 further comprising;:
initializing said count of said digital counter to a first value at an initial time;

evaluating said count at a second time after said initial time to ascertain a second

value; and

relating a difference between said second and first values to said resistance state of

said resistive memory cell.

3. A method of sensing a resistance state of a resistive memory cell, as defined in claim

1, wherein said moving average value of said count decreases over time.
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[0066] Wil e preferred enbodi nents of the invention
have been described in the illustrations above, it
waebmuld73be understood that these are exenpl ar yPof/us1ve3/023794
invention and are not to be considered as limting.
Addi tions, deletions, substitutions, and other
nodi fi cati ons can be nade w thout departing fromthe
spirit or scope of the present invention.
Accordingly, the invention is not to be considered as
limted by the foregoing description but is only
limted by the scope of the appended clains. 15 WO
2004/ 01,7326, PCT/ US2003/ 023794 CLAI. VWhat i s ai . :
4 o K BT g o BBC e o iy B pepbeqih ffftined in claim
1, Vﬂfcréiﬁ@aid%é&ﬁﬁnghgtc%ﬁuﬁrﬁés_: 1. A nethod of sensing a
resi stance state of a resistive nenory cel
conprising: passing a current through said nenory
celihcremennpg heahievaf] shidguatar odslesaval tage roor a/capatiltor is rising, said
coupl i aid vo|tage through an integrating anplifier . .
voltage Equ“gf:@iaﬁltq@ém R, byreaRcapiuctanee amnRlficr seFeiprg as an input said
j a-di gi.tal nter count of said digital
voltggﬁécﬁgfs%éi% SI?%‘gét Iglgln?i)or% ?%g aver age val ue of said
count, viewed over tine, changes at a rate related to
a magni tude of said voltage across said resistive
menory cell; and relating an instantaneous val ue of
said count, taken at a particular time to said
5. 1 ed} BeHhirdobicasiagaf resistance watiefjavesistivigongmeony ¢ell, as defined in claim
l“ﬁgthd of sensing a resistance state of a resistive
ﬁg?y cell as defined in claim 1 further conprising:
initializing said count of said digital counter to a
fi 58l ideetRnBhe dAchdést dodntihl THirst BUALLASS FBleS BF & pERSEE clock
at a second tine after said”initial tinme to ascertain
signal speandly; audl ue; and relating a difference between
said second and first values to said resistance state

said decrementing includes counting a second number of cycles of said periodic
clock signal downwardly, wherein said first and second numbers of periodic clock cycles are

dependent upon said current passing through said resistive memory cell.
6. A method of sensing a logical state of a memory cell comprising:
presetting a count value of a counter to a preset count value;

charging a capacitor with a charging current during a first plurality of time intervals,
each time interval of said first plurality terminated when a periodic test of said capacitor

indicates that a first voltage thereon exceeds a threshold voltage;

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;
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said resistive nenory cell. 3. A nethod of sensing a

resi stance state of a resistive nenory cell, as
waledoes2é n claim 1, wherein said noving aver BOEUSZN8I@23794

of said count decreases over tinme. 16 WO 2004/ 017326

PCT/ US2003/ 023794 4. A nmethod of sensing a resistance

state of a resistive nenory cell, as defined in claim

1, wherein said increnenting conpriseS' increnenting a

val ue of S unter whi ol tage_on a.capac

' < felinsRof 6% Fafiingand At Bire e i I Corrent,said
furtB¥r @irkdRREEH |32, '

i Y L i e it B

of timet inoctvalk ts s aghiad phaakityafeetentded eined inservals, said fuéther current

menory cell, as defined in claim 1 wherein; sai d
fdaFﬁﬁ*ctPean’i?ﬁ‘ﬁaﬁ@C velue @f escsmfﬁ t:kﬁy:na of p pagmagyasHy said resistance value
eri,odi ¢ upwardly; and said
cor%ycgrnzﬁn%gﬁ Ql(p "Her Ej’ c%ogrg gﬂ’econd nunber of

cycl es of sald perlodlc clock si gnal downwardl vy,

Wheketibdically Thebdrhérdtiréhih esiniter duiies8d Gst PRiraRE of time intervals and
cl ock cycles are dependent upon said current passing

peripicalliydeqseindnting sad icoentve doring beith 5218 seg®nuedrivothil of plurahtlcs of
. _sensi a Io state of a negnory cell risin
ume, bEERVAl A §s & St i Batsrin s vals oacgg@gfe@n

count val ue; charging a capacitor with a charging

cur, [ I ol ini.anval.s, .

cachthe SH R cad BB AL Lie Blel 4E b UBIBL T srre of said
mcmbﬁjl’tcﬂ. periodic test of said capacitor indicates that

a first voltage thereon exceeds a threshold voltage;

di scharging said capacitor with a di schargi ng current

during a second plurality of tine intervals, each

L 3%3' gﬁﬁ iof%c&s m&fsaasltgtﬁs %313%85’:31 ! I t ﬁgg@&%g vﬁjp erein said
ﬁm@%%?ﬁ%g‘f%hﬁﬁ%eé?@l‘iﬁ@&g’ &irRgtow sai d threshol d

8. A method of sensing a state of a memory cell as defined in claim 6 wherein said

periodically incrementing said counter comprises:

incrementing said counter once during each time interval of said first plurality of

time intervals.

9. A method of sensing a state of a memory cell as defined in claim 6 wherein said

periodically decrementing said counter comprises:

decrementing said counter one or more times during each time interval of said

second and third pluralities of time intervals.

10. A method of sensing a state of a memory cell as defined in claim 6 wherein the said
supplementing said charging and discharging current with a further current comprises:
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17 WO 2004/ 017326 PCT/ US2003/ 023794 suppl enenti ng

sai d chargi ng and di scharging currents with a further
w@orens2e sai d further current extendi ng a duredT/082005/023794

one or nore tine intervals of said second plurality

of time intervals to forma third plurality of

extended tine intervals, said further current related

to a resistance value of a resistive elenment of a

menory .cel l., said resistance value correspondi fo a

| ogPeeiying a fumshe valtaeh latietp seid resistaats Yallal Y3 resistive clement at
mmpgmaﬁggnﬁt%&%mrdﬁ{g ng said first plurality

0 Y peri odi

time Intervals an cally decrenenting said
counter during both said second and third of
pl wnaputtingsaidf furthiefreudrévitent wal citpax efsaidorraiscendudametamplifier, said
change in said _count value over tine; and relating )
trangegrlucance peopdicy having @ trapsfar fupsrion sectethat sid fughesguarent is

gj.¢al state of i d mory cell. 7. A nethod of
métg%%aﬁgécgatcgttgts%‘dﬁ%cﬂgﬂgﬁgﬁ' cell as defined in claim®6

wherein said further current conprises a charging
current. 8. A nethod of sensing a state of a nenory
cell as defined in claim6 wherein said periodically
11.i ndk mretimed ofsessing acsvamtofia roampryi edisis defined irecltinn § 0 Sarther
counter once during each tinme interval of said first
COMPIE ity of time intervals. 9. A nethod of sensing a
state of a nmenory cell as defirned in claim®6 wherein

S a'c@nﬁgﬁfiﬂlé’ %i& Al o¥ive Rtk B sAG n'?t?hgrycc%ﬁ% %Voltage flividcr circuit
conpri Ses:” decrementing said counter - one or Tor & 1 es ’
saiddioltiagg dbadd? circiié hatibglav@mm@bn $ddd; asecond and third
pluralities of time intervals. 10. A nethod of sensing
a state of a nenory cell as defined in claim®6 wherein
t haPBing a sapdard votfagnacross didyrltage ividerccirtuischigh ghatgaid common

node ekhitits sﬂdt(ﬂrtgcrf \lzjorlEa%% rrcl(:itlzjcrdrt(ce)ns.tai resi tra}lcscega:lucl gf said memory cell.

12. A method of sensing a state of a memory cell as defined in claim 6 wherein said

memory cell comprises an MRAM memory cell.

13. A method of sensing a state of a memory cell as defined in claim 6 wherein said
supplementing said charging and discharging currents with a further current comprises
flowing said further current onto a common plate of said capacitor with said charging and

discharging currents respectively.

14. A method of sensing a state of a memory cell as defined in claim 6 wherein said
periodically incrementing said counter during said first plurality of time intervals comprises
incrementing said counter one count increment during each of said first plurality of time

intervals.
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WD 2004/ 017326 PCT/ US2003/ 023794 receiving a further
voltage related to said resistance value of said
WO e®iud1i3ee el enent at an i nput of a transcondect/asmes/023794
anplifier; and outputting said further current at an
out put of said transconductance anplifier, said
transconduct ance anplifier having a transfer function
such that said further current is functionally
15. 7 eb\%@ﬂlotdoofﬁs@{lgn%%irstﬂg LEY B -cefths gé!?ﬁ@f %Ogaiﬂ{ P wherein said
sensing a state a nenory cell as defined in clarm
perid@icillyr ddtedme $ali$ corerite€ ifihg bdid Bg-ondl pluratisy 6f time intervals
el ement of said menory cell in a voltage divider
comprisesudecremerding sapl cawueddng cumtdngremicnt Husing gach ebowaitbsecond
ode;. and. appl.yi n st andard vol t age across said .
plurgliy o SEnene el 266 EcHemeSDg SefFOUBIr VO SANRN Ingigents during cach
b o W |tage related to said
(ﬁ&ﬁé?ﬁ@%gﬁggﬂggfﬁgﬁ%Pﬁég¥§ menory cell. 12. A nethod of
sensing a state of a nenory cell as defined in claim®6
wherein said nenory cell conprises an MRAM nenory
cell. 13. A nethod of sensing a state of a nenory cel
16. a5 Ageethedofi sensing asrae whamgmory el as defpsdimedlainn g famher
ConphaJ i ng and discharging currents with a further
elirPent conprises flowing said further current onto a
common plate of said capacitor with said chargi ng and
di s&bAKEhE MdiseWon§iirent 86PEESaiY Alther trrefir. met hod of
sensing a state of a nenory cell as defined in claim®6
wherein said periodically increnenting said counter
during said first plurality of time intervals

conpriges, incrementing_.said count one. cqunt . . o
17.i'n A QAICTHOB SAEHC Of TRmEmARY el 1 SRERCAD clyimi wherein said
ﬁrst'aﬂﬁ%éé&ﬂicﬁplu?ﬁid\é@ogg&yiﬁ#@ﬁ ar}gg{cHgg\nguPlI% Mt cl# Bmeg.ntcrval of

nethod of* sensing a state of a menory cell ‘as define
said ifitstqJl @talitybofiraE htentadi ifl followed immediately by a respective one time interval
of said second plurality of time intervals, and each time interval of said second plurality of
time intervals is followed immediately by a respective one time interval of said first plurality

of time intervals.

18. A method of sensing a resistance of a resistive memory cell comprising;:

flowing a current through a resistive element of a resistive memory cell to produce a
voltage related to a resistance of said resistive element on a conductor coupled between said

resistive element and a sensing circuit;

producing an oscillating signal with said sensing circuit, said oscillating signal having
a plurality of signal minima and a generally increasing trend, each signal minimum of said
plurality of signal minima synchronized to a respective one of a plurality of transitions of a
periodic clock signal, a magnitude of said generally increasing trend being related to a

magnitude of said voltage;
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periodically decrenenting said counter during said
second plurality of time intervals conprises
wale@n®nBeé i ng sai d counter one count i ncrenent PALUSI093/023794
each of said second plurality of tine intervals and
decrenenting said counter two count increnents during
each of said third plurality of tine intervals. 16. A
met hod of sensing a state of a nenory cell as defined
Sy o
con‘pjo‘ﬁg% Q%lgti{ s% %naﬁ ég#mr Ner cgf iierlntﬂés?%ctﬁl&%% ?ﬁ 3P y 'iahty of
adji8dng ienents, whdaieeoin insQnEERBUY valat bf fid dedillatiig sighat kadedts a
6 wherein said first and second pluralities of tine
referamce volik ot arespicetivertinawéd respettivehenc efaid pliradity of wansitions of said
|d first plurality of time intervals is foll owed
peri ﬂﬁé%? by a respective one tine interval of said
second plurality of tinme intervals, and each tine
| ntcghiMBhg 9did 38 Busg E@é’iﬁs AlHhgk 'gfal‘tl&flar tirh& b AAPf/Hoduce an event
is followed imMmediately by a“respective one tine
coungtaedval of said first plurality of tinme intervals.
18. A nethod of sensing a resistance of a resistive
menory cel |l conprising: flow ng a current throug
" odrlating said euei HouBF 1 s3id YPLRgSy andtherely sesaid felstancc of said
resiftiv@dUSef Voltage related to a resistance of said
resistive el ement on a conduct or coupl ed between sai d
resistive elenment and a sensing circuit; producing an
oscillating signal with said sensing circuit, said
oscillating signal having a plurality of signa
mnima and a generally I ncreasing trend, each si gnal
19. ni éi mgshed ofsensing sl logis|vialug offa resigting mameoryreell, said method
synchroni zed to a respective one of a plurality of
COHF¥§ 'tions of a periodic' clock signal, a nagnitude
of said generally increasing trend being related to a
?EEH%S a P61t 18 Yl deBQRiri WO LROAE IR and producing a
3/ 023794 adjusting said oscillating S|%nal
rcswmvgmmdltyﬂow putput ef prahiplificodaring séd pheasadeident Period;

using said resulting current flow in combination with an auxiliary current flow to
repeatedly charge and discharge a capacitor during said measurement period, said auxiliary

current flow controlled in relation to an instantaneous voltage value on said capacitor;

up and down counting a counter value in response to said instantaneous voltage on
said capacitor being above or below a threshold voltage at a plurality of sampling times

during said measurement period; and

determining a resistance value of said memory cell based on said counter value at the

end of said measurement period.
20. A method of sensing a logical state of a resistive memory cell comprising;:

providing a resistive memory cell coupled to a counter control circuit, said counter

control circuit coupled to a digital counter;
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adj usting events, whenever an instantaneous val ue of

said oscillating signal exceeds a reference val ue at
w@200eppBedi ve time of a respective one of sai dPCT/US2003/023794

plurality of transitions of said periodic clock

signal; counting said adjusting events during a

particular tine interval to produce an event count;

and relating said event count to said voltage, and

RSB SO Bl RS e sconting

to ra¥pedtivg in@knens ahdl ds@rtmedt cemanids bfighid apmirgl dig-ui, said increment
voltage to said cell during a nmeasurenent period and

and gdegrgmenh gommands issu¢chig relatioarto ¥ fcoinrapes pliaidfesistive memory cell;
anplifier during said neasurenent perlod u3|ng sai d

f
UL EH6 B b RLRALEIR] s B i coune e

at redp&eNahieR aﬁd“s@&ﬁﬂ&%s Ei' ng sai d neasurenment period,
said auxiliary current flow controlled in relation to

an i nstantaneous vol tage val ue on said capacitor; up
antelaavgsaid differeny e panxba dueationdbareeem saie Sipsnsd stoorshiimes, to said

st ant us. vol t age sai d capacitor being above
1081(@? Stk B%ﬁf%?@%mcg‘%lc?%ge at a plurality of
sanpling tines during said neasurenent period; and
determining a resistance val ue of said nmenory cel
based on said counter value at the end of said
measurenent period. 20. A nethod of sensing a |ogica
2]. st At metfodoofiseasing a\cenducrive)stare loff azesigeive Shdigory cell comprising:
providing a resistive nenory cell coupled to a counter

control circuit, said counter  control circuit coupled
t orePeaicgt ‘@Fr‘f@éﬁi‘r‘i’tﬂ&aﬁ ddecpmoning @)@IEBQBCOUMCI’ count in response to a

2003/ 023794 _ repeat edl y,incy enent | n
voleggs prg RN < 20k SBRELE el Gl SRRSL AL oGk e gl of said
count, taken at a partlcular time, is found within a first range of count values indicating a
first conductive state of said cell or within a second range of count values indicating a

second conductive state of said cell.

22. A method of sensing a conductive state of a resistive memory cell as defined in claim
21 wherein said first and second conductive states of said cell represent respective first and

second logical states of a data value stored by said cell.

23. A method of sensing a conductive state of a resistive memory cell as defined in claim
21 wherein said repeatedly incrementing and decrementing said digital counter comprises

counting transitions of a periodic clock signal.

24. A method of sensing a logic state of an MRAM cell comprising:
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to respective increnent and decrenent comrmands of said
control circuit, said increnment and decrenent

wa@eowmmnmdse i ssued in relation to a resistance OPCHEBZNN3/023794
resistive menory cell; evaluating a difference
between a first value and a second val ue of said count
taken at respective first and second tines; and
relating said difference, and a duration between said

fi E,ﬁgq [ . id logical state of said
reé?éll e ﬁri%[rig?ga%eﬁ&ssi%facgﬁ"net hod of sensing a
conductive state of a resistive nenory cell
coppoduriiiifa cufrepeapedtytingeid isatvohggegnd decrenmenti ng
a digital counter count in response to a voltage

produced by a current passing through said rrermra/ )
celntegRyag spidequreeny apwardly pasiiadrefesefifstvoltagk evera first duration to

rocg%rtiﬁrgéartctria{éﬁ’ Oits foup1 within a first range of
PrOgE Gt "Val™y Folags ¥ first conductive state of
said cell or within a second range of count val ues

| Nghreafaking sdid GRFAR AoWARAHAY pY& stiderdefer@iceSAldge BYdr-a second
22. A nethod of sensing a conductive state of "a

duratizgi ®t produpeavecpndahtegasedigbitagecsigmalicl ai m 21 wherein
said first and second conductive states of said cell

represent .respective.first and second l.ogicgl. states
of & HALAUYH A FQUBE gY UH PR &R EQppter gsm&sa@ﬁmiauanon and
ks i dSEGtd jSstive nenory cell
dwggﬁgg{a gr?glg I n g%a(lmrfnﬁlg;%ﬁfmﬁézr}‘fé? gugaglﬁig ’r epeat edl yy

i ncrenmenting and decrenenting said digital counter

Comgpdatiag saiddnteigratihg! dmh&chin@ingf opritons@de€a pradiekermined time

signal. 24. A nethod of sensing a logic state of an
periggiranc el | conprising: 22 WD 2004/017326

PCT/ US2003/ 023794 applying a first voltage across

L R e SRS -

of sdii8’RAM @cNOl t age over a first duration to produce a
first integrated voltage signal;

25. A method of sensing a logic state of an MRAM cell comprising;:
a) applying a first voltage across said cell;

b) amplifying said first voltage to produce a first current corresponding to said first

voltage;

¢) integrating said first current on a capacitor with a second current upwardly over a

first duration to produce a second upward voltage change on said capacitor;

d) integrating said first current on said capacitor with a third current downwardly

over a second duration to produce a third downward voltage change on said capacitor;

¢) repeating steps a-d over time;
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integrating said current dowwardly past said
reference voltage over a second duration to produce a
WG e@and73eant egr at ed vol t age signal; accumnul at i NEBCHUSING023794
by incrementing a counter during said first duration
and decrenenting said counter during said second
duration; repeating said integrating and accumnul ating
operations over a predetermned tine period; and
re C : . .
Db B U, S0l LA B BL 9B ifpnce b
said MAMdagiward2oltage BRidpedndfsaslethirdrdpvenwadivolagatikangt over time until
~ MRAM cel | conprising: a) applying a first voltage
said feursh yokagaiexsapds a ﬁ&ha#ptcmw gsaid first voltage to
produce a first current corresponding to said first
vol tage; c). int.egrating said.first curyent .on
o dipe g YitR B8 lnkng p &Hf P gtaleopugr and
duration to produce a second upward vol tage change on
sahdl &p@ﬁﬁ{gtﬁéps A} ovet gseddddg said first current on
said capacitor with a third current downwardly over a
second duration to produce a third downward vol t age
changdatorg 8 ailte odpaidicoont at aneasupingttimg te sagdogic statssef said
h&Réé@E; 23 WD 2004/ 017326 PCT/ US2003/ 023794 f)
Eﬂblating a fourth voltage on said capacitor by
storing a difference between said second upward
vol tage change and said third dowward vol t age change
over time until said fourth voltage exceeds a fifth
reference voltage; g) discharging said capacitor and
26. adjAustihogl & dadined iwtlain @iSgionaprisoggint er; and  h)
repeating steps a-g over tinme; and i) relating a val ue

of sai d, count at measuring tinme to said | ic state
of PESseting a count va.ﬁlc of said ciigi%al counter to an initi \galuc.

27. A method as defined in claim 25 wherein said second current comprises:

a positive current produced by a current source during said first duration.

28. A method as defined in claim 25 wherein said third current comprises:
a negative current produced by a current source during said sccond duration.
29. A method of sensing a logical state of an MRAM cell comprising:

flowing a current through said MRAM cell to produce a voltage across said MRAM

cell;

converting said voltage into a time-varying digital count value, said time-varying

digital count value having a time-averaged value varying over a time interval; and
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MRAM cel I . 26. A nethod as defined in claim25
conprising: presetting a count value of said digital
w@owaner2é 0 an initial value. 27. A nethod as pef/uamd3/023794
in claim25 wherein said second current conprises: a
positive current produced by a current source during
said first duration. 28. A nethod as defined in claim
25 wherein said third current conprises: a negative
cur, r L
cocaatihe B HReaRin i EM (A CE U RV g e end of
saidirat énteifvabio MRAVSIERIc! acEP4H MRAM kelgWiingelsy & logicid Etatc of said
t hrou said MRAM cel | to produce a-voltage across
MWGCI%RAWSC@G:I | ; converting said voltage into a
ti me-varying di g| tal count value, said tine-varying
digital count value having a tine-averaged val ue
varying over a tine interval; and 24 WD 2004/ 017326
30. PCH -8R0 43 A adal g?éc?fto'r Rige A mkELAYHABLARENRcd ?f ér'?esi@ﬁvc memory
said tinme-averaged count value at a lFate end of said
cell comprisinger val to said vol tage across said MRAM cel |,
V\/nereby a | ogi cal st ate of said MRAMcell is sensed.

| ectronic adapted for use in neasuring .
NQdtage sig %ﬁcglapv ﬁ@é?lur@emmf Veitsgy maxima and a

scccﬂﬁf uélgﬁh%xpiréla%e rﬁﬁ)grﬂ%,las)e(tpdrsr@]sg L“g{ é&g %‘(i)t\lr/]i‘gﬁg?sucrhaﬁmcflgglc%ﬂy
mtcﬂ@k%ﬁ%ﬂﬂbﬁé ARothea] éicﬁ lnﬁédmaﬂﬁan%ﬁﬁﬁﬁ&u% er ?dld trés§§ct1ve first and
chronol ogically i nterleaved with one another, each

sccm@lnmhnanha\rmgawohagé meghidudgspective first and
second pluralities havi ng a vol tage magni tude; each
m ni nrum.of sai cond uralit f vol t age mi ni
e AP of st seamsbRiRty ol wiltagd mgRE sthaR i gy

rcspi%ﬁl{i\gcrslegf téﬂfégcr&r}ﬁaﬁhlﬁn bl aSbspRbiAdad 8 Phirst blRality of time intervals,

each time interval of said first plurality of time intervals being substantially equal to a first

time duration;

each maximum of said first plurality of voltage maxima separated from a respective
later adjacent minimum by a respective one of a second plurality of time intervals, said
second plurality of time intervals including a third plurality of time intervals each
substantially equal to a second time duration and a fourth plurality of time intervals each
substantially equal to a third time duration, said third duration longer that said second
duration, each time interval of said fourth plurality of time intervals including a time when
a magnitude of said signal exceeds reference a value at a time approximately one second
time duration later than a time of a respective preceding maximum of said first plurality of

voltage maxima.

31. A sensing circuit for sensing a resistive state of an MRAM memory cell comprising;:

a first node and a second node;
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each time interval of said first plurality of tine
interval s being substantially equal to a first tine
walroanisre each maxi mum of said first pluralitpcDis2003/023794
vol tage maxi ma separated froma respective |ater
adj acent mnimum by a respective one of a second
plurality of time intervals, said second plurality of
time intervals including a third plurality of tine
in 3 i . t i . L.
du?g{a*gén&gﬁlg%c?ou?t E@{;{l%‘?{% %{? )F‘/s‘ﬂ g‘?é ‘%ti C%élallcgl?g rva édcggfc fesistve
elensaump of saitl IMRAM engabrytcellant hi firsk dutpat douipled e said &irst node;
third duration |onger that said second duration, each
time interyval of said fourth plurality of tine
i nB&RRASIET PAYing @i st Rlatei onpleden saidl frsgneduard asecondplate coupled
i reference a value at a tine
to a?ﬁ%ﬁ%&?ﬁﬁ‘i éﬁgg%ﬂ%p%tggg%d time duration later than a
time of a respective precedi ng maxi mum of said first
Pl Wicatrehdsdtirce Hih@d edBhdl dRputdoupled &N SHid Grst inode! daid current
for sensing a resistive state of an MRAM nenory cel |
sourco agarited te altermafaly snurpodesinkd carrsatunshid Goke nods thiugh said second
2004/ 017326 PCT/USZOOB/BZS?Q4 a transconductange
OUTRH{AFRIRLN, SHQ&PH@“E{SQ‘FF% MRS f CORBApIERR CBH&Cér‘ia syl sgcond node
- | . .
adag B3 Fheckfic oM o, ©F O FAHERhe Rl Curdl By is sourcing
or sinkitign@rient iaf & pafticale tielpl ed to said first node and a
second plate coupled to a first source of constant
potential; a current source having a second out put
coasPEparaoserenit hawng aeerenddaput anmpleshito sagbfirst sode, a third input
dapted to alterpately source gr sink a current to
coufSEF FRplie B adclth b priciah dodfumtudel tomtdidasource ofa
firt ERIc Sl 3 R oF SLNPRAAGER B o BT SRt econd
nodgjamdal for controlling whether said current source is
sourcing or sinking current at a particular tinme;, a

conparator, circuit having a second input coupled to
saf donnies cirgiyg Bavigg pifyinprpeeupled to said first node, a sixth input coupled

to a source of a second clock signal, a seventh input coupled to a source of a preset signal,

and a fourth output adapted to output a digital count value.

32.  Asensing circuit for sensing a resistive state of an MRAM memory cell as defined in
claim 31 further comprising an analog preset circuit having a fifth output coupled to said

first node for establishing a preset voltage across said capacitor.

33.  Asensing circuit for sensing a resistive state of an MRAM memory cell as defined in
claim 31 wherein said current sourced by said current source and said current sunk by said

current source are of substantially equal magnitude
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coupled to a source of a reference potential, and a

fourth input coupled to a source of a first clock
wa@k@aal7326ai d conparator circuit having a thirBECDUSI3/023794

coupled to said second node; and a counter circuit

having a fifth i nput coupled to said first node, a

sixth input coupled to a source of a second cl ock

signal, a seventh input coupled to a source of a

pr < OF . a fourtk t .
34.2" Byl of e S HLRUE AR O i v
clairae3iswherein $aii fifst ané sédodideclodk signddRAIone BB piiagealith @fe another.

defined in claim31 further conprising an anal og

preset circuit having a fifth output coupled to said

first node for establishing a preset voltage across

sai,d _capacitor.. 33. A sensing circuit .fkor,$ensing a .
35 o} ST Ur Ul oo ARPE Rt ©f ap MEAM GpemaRy (Rl as defined in
claith! 31 Wherki QR RsP aA@ sk onidr &K si%t‘?all‘{ BRA differeat fe GUEHCRR!

source and said current sunk by said current source

are of substantially equal magnitude 26 WO 2004/ 017326

PCT/ US2003/ 023794 34. A sensing circuit for sensing a

resistive state of an MRAM nenory cell. as _defined in

36. ¢| 4} IANSHIE QSR SSAFLA fegiptiverigats of ap MEAM imenepy-ged as defined in
- ar | her. .35. ensi .
a9, Qb RO BB TGy P PSRRI eceive s
signdPHRisitiGig WwheRéupsti dai fburth oGtpak BY Sild WbekRE Birsdit dsshines b particular
and second cl ock signals have different frequencies.
couBBvalue.sensing circuit for sensing a resistive state of
an MRAM nenory cell as defined in claim31 wherein
said seventh input of said counter circuit is adapted

37. gslﬁgltﬁglg | YfuiR {(ﬁ{) s?ﬁglgg asijcgwc stdr@BFhd :l\{l)ﬂgls\ls\ﬁ%;ng&g%gﬂ Sé?‘iclgﬁncd in

out pu counter circu

clai @1t Wheded said edAcondhe@ncSdmphfi&adaddpdle£td priduct @h output current
sensing a resistive state of an MRAM nenory cell as

at said firsteartput, sad suspBicunteat bemgdandionadiy scewdutotamnioput voltage
I s adapted to produce an output current at

[if]
app@(gfg sﬂdreé‘lst’é’@flbut, sai d out put current being

functionally related to an i nput voltage

38. A memory cell sensor comprising:

a capacitor adapted to be charged by a first current from a first current source
during a first time interval and to be discharged by a second current from a second current
source during a second time interval, said first and second currents having substantially

equal magnitude and opposite direction with respect to said capacitor;

a transconductance amplifier adapted to output a third current to said capacitor
during said first and second time intervals, said third current adding to said first current,
said third current subtracting from said second current, said third current having a
magnitude related to a first voltage signal received at a first input of said transconductance
amplifier, said first time interval and said second time interval respectively related in

duration to said magnitude of said third current;
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applied at said first input. 38. A nenory cell sensor
conprising: a capacitor adapted to be charged by a
wo poogi1se6 rent froma first current source duPCTySH03/023794

first tinme interval and to be di scharged by a second
current froma second current source during a second
time interval, said first and second currents havi ng
substantially equal nagnitude and opposite direction
Wi § FesTs@isioe ﬁEt&&k%ﬁhﬂtcﬁacB‘%ﬁPfy%id first VAR ARFABAG L 3RGRive memory cell,
anplifier adapted to output "a third current to said

said fisspsclitagerbeingirélagd saiadesistnste afisdidsresisund memery cell; and
intervals, said third current adding to said first

current, aid third current subtract{ing.fromsaid X
b ERHERATAPHRT EUCEF TRl ouipE OUERULHAGHe finarelapggniora differential
durafibh %%Rg?cﬂlosaﬂi dﬁéts{ Md y&'ogaqgné LPRhsr ecel ved at a first
I nput of sal ransconductance ‘anplifier, said first
time interval and said second tine interval
respectively related in duration to said magnitude of
said third current; 27 WO 2004/017326
PCT/ US2003/ 023794 a resi stance network adapted to ) o
39. appigenaryselisensoryas defined mcelaigs 38 whessig spidaresistangoyof said resistive
cel | said first.volta bei ng related to.a
mempgy eel chiercne URpisl A T svd R yReEP g
counter adapted to increnment a count output thereof in
relation to a differential duration between said
first and second tine intervals. 39. A nenory cel
sensor as defined in claim38 wherein said resistance
40. of Aga¢moryecellseinsor comprising: cel | represents a | ogi ca
state of said resistive nenory cell. 40. A nenory cel
sensor conpri,sing: fjrst and cond transcondugt anc
AT R4S OR At onclisEane s GmPRRFS Dasiog FeaRESHYE Hrshand socond
. r 72 n . .
npu B SEREELL 5 Sha SR bAGEAD MR Mot L7 idscond
input,n3pidt firsdiaptiedddpred eo bOWpLElEd k6 a3o8RIoTA voltage ¥ighhlagd voltage

. signal, said voltage signal depending on a | ogical
signal dgpending gnradogicel sraterafragesistig! hemory cell;

first and second capacitors having respective first and second signal terminals and
respective first and second ground terminals, said ground terminals both being connected
to a ground node, said first signal terminal coupled to said the first output and said second

signal terminal coupled to said second output;

a threshold detector having a third reference input coupled to a source of a reference
voltage, a fourth signal input coupled to said second output, a fifth clock input adapted to

be coupled to a source of a first clock signal, and a third threshold output;

a counter having a sixth clock input adapted to be coupled to a source of a second
clock signal, a seventh control input coupled to said third threshold output, and a plurality

of digital count outputs adapted to represent an accumulated digital count value; and

a current source having an eighth signal input connected to said third threshold

output and fourth and fifth current outputs adapted to output respective first and second
28



first and second capacitors having respective first
and second signal termnals and respective first and
W@ ewand73ge ound term nals, said ground term nal BCbhos1003/023794
bei ng connected to a ground node, said first signa
term nal coupled to said the first output and said
second signal termnal coupled to said second output;
a threshold detector having a third reference i nput

p rge. of ) ’ f
comERUELRITS 04 SEUEAS s KFLRL GRS YRR el Ropece
said chAelit $oured, saidaBhfl cuPrenPBufRit QbﬁﬁchQo R2id A5 CBrPl té@minal and said
first clock signal, and a third threshold output; a

fifthcuorene putpaticogpldgoxhid sctomksigngutrmigalysdd cuoebesource adapted to

coupled to a source f,a secogd cl pck signal, a .
conceQllAblY Feveess i sepsed Of sl disttaadiseeand HITIRCY EsPsrtshdndesponse to a
. - ' f digital count outputs
Mgngjgg?gﬁi?§Q¥g%gé§£ﬁ%&%ﬁm3§bunulated di gital count

val ue; and a current source having an eighth signa

i nput connected to said third threshold output and

fourth and fifth current outputs adapted to out put

respective first and second 28 WO 2004/017326
41. pcty mepougrdbsnser defineddnclpime4l) whencinssaich Hiyeshald datector further
comSHE rents having opposite respective senses with

Peg‘)ﬁect to said current source, said fourth current

out put coupled to said first signal termnal and said

fi hlsixtls WireSHY1d QbR whekdh S4d tRird ahdsIf5a Suep et i9@@hoted as an “UP”

termnal, said current source adapted to controllably
outmaadseidssattl thembeld @ftpsisdlehbtesitasarftD ©FENH burput, saitisixth output

,respe&}ively.in,resp?nsg to a signal received at said

beingjcomplrdstompinth gut of 2ad tmerenpry cel | sensor defi ned

in claim40 wherein said threshold detector further

conprises: a sixth threshold output, wherein said

third threshold output is denoted as an "UP" out put

and said sixth threshold output is denoted as a " DOMW'
42. ouApmiemozpcéll sdnsdhasadéfiped in BRI g 00ohdrtRtkaidthreshold Hetector

i nput of said timer. 42. A nenory cell sensor as
compESIsHaRIAPEEANPIA®r\GireHisi n sai d t hreshol d det ect or

43. A sensing circuit for sensing a logical state of an MRAM cell comprising:

a first transconductance amplifier having a first input and a first output coupled to a

second input of a second transconductance amplifier;

a current source adapted to, during a first time interval, add a first current to an
output current of said first transconductance amplifier at said first output while subtracting
a second current from an output current of said second transconductance amplifier at said
second output and, during a second time interval, subtract a third current from said output
current of said first transconductance amplifier at said first output while adding a fourth
current to said output current of said second transconductance amplifier at said second

output;
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conprises an anal og conparator circuit. 43. A sensing
circuit for sensing a |ogical state of an MRAM cel |
wae@ewpniBeag: a first transconductance anplifi ePCTiES1008/023794

a first input and a first output coupled to a second
i nput of a second transconductance anplifier; a
current source adapted to, during a first tine
interval, add a first current to an output current of
sa el
o SRR RO CABIES R ke B Be Rl Syblespecrively;
out put current of said second transconductance
ampkomirel cifduits@iupleds@osaiticurué i sbuseddapliedi togoa st sod dirst and
time interval, subtract a third current from said

secopd cptrentsandrsaisk resgecsine additiostandrsahtraeiniudicaerfso as to vary a

anpl ifier ,at saj fi.rst out,put while adding a fqurth, . .
resp @R ey g el Suiehn ofarrait: $ who ! Baggpfervalin rlation o sid
outpluft _AAERNILGI PHHE r@iRbhHLSanad a:ﬁgliﬁ’cr? ggpnd output; 29

WO 2004/ 017326 PCT/ US2003/ 02379 first and second

capacitors coupled to said first and second out puts
r es peantey elrguit caupledto sdid contral ¢iraningdaptedt o dangde a preset count in
current source adapted to control_ said first and

relatign w191 rrepestive dyrafiansiaf saiddecand secard timcoiaterials to produce a
i f.s S V) a respective first
Cou%%fagﬁ%)nsgp%%%g{af%ﬁmo& sgl éil M‘%’Hand second tine

intervals in relation to said output current of said

first transconductance anplifier; and a counter

circuit coupled to said control circuit adapted to
44. chArsgesing pirewitas defined inrclaimet Ztwlnmeinsaisldontrad spreuit comprises:

durations of said first and second tinme intervals to

roduc count related to,said |ogical state of said

RARIOEEF compitaordiayiient, ird Biut <aSledsp st Sreprdl ot a fourth
: rei : e
inpuf SouIRa 18 oA o Stk les Sl bnd BRI S85ue EIQEHS spurce of
periadit ploick signhhwiit Ronmipapdtbr ﬁ@ﬁﬂ%@ﬂ du@p@t pleelerdddn mput of said counter
. reference voltage and a clock input coupled to a
carcdgurce of a periodic clock signal, said conparator

havi ng an out put coupled to an input of said counter

45. A sensing circuit as defined in claim 44, wherein said analog comparator comprises:

a further output coupled to a further input of said counter circuit, and wherein said
counter circuit comprises a clocked counter having a clock input coupled to a source of a

periodic clock signal.

46. A sensing circuit as defined in claim 43 further comprising;:

a voltage divider circuit having a resistance of said MRAM cell coupled between a
first source of constant potential and a measurement node and a further resistance coupled

between the measurement node and a second source of constant potential.
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circuit. 45. A sensing circuit as defined in claim 44,
wherein said anal og conparator conprises: a further
wonipoi73eoupl ed to a further input of said couPtEUS2003/023794
circuit, and wherein said counter circuit conprises a
cl ocked counter having a clock input coupled to a
source of a periodic clock signal. 46. A sensing
circuit as defined in claim43 further conprising: a
47. Vot &ﬁﬁng'd/ﬂcgﬁ as QA | A D9 whel s Al #GSoEce St cBnstant
MRAM cel ' coupl e etween a first source o? const ant
potepahkistadaptednd sappipasviCErportntivd dendasait secbnd tsberce of constant
resi stance coupled between the neasurenent node and a
poteggiabdefings argreund petinsizhnt potential . 30 WD 2004/ 017326
PCT/ US2003/ 023794 47. A sensing circuit as defined in
claim46 wherein said first source of constant
potential is adapted to supply a VCC potential, and
48. sairGieRABRECERYS defifdd Inlaess wherh® 84l FrstdinsbGiRhRtance amplifier
ground potential. 48. A sensing circuit as defined in
exhibitaa posisivevgeing and sad dedondstrartscemdbconmbe atplifier exipbit 4 acgative gain.
exhibits a positive gain, and said second
transconduct ance anplifier exhibits a negative gain.
49. A sensing circuit as defined in claim43 wherein
sai : .Ses5a . [ e
9. SO eRHRE PR M UERRPBRILACRS wheRit sl chteRl sitd Ehpriscs:
adapted to direct said first, second, third, and
f owpluralisusfra@ntent sGbkce Aireliigh bidd processi ng system
conprising: a central processing unit coupled to a
menory nodul e, said nenory nodul e including an MRAM
de®ipderahofryihingdeviggs egsm:ced to dire¢tpdidqigst, se¢ands third, and fourth
currnode and a second node; a transconductance anplifier
ﬂgeing a first input coupled to one end of a resistive

50. A digital processing system comprising;:

a central processing unit coupled to a memory module, said memory module

including an MRAM device having a sensing circuit including:
a first node and a second node;

a transconductance amplifier having a first input coupled to one end of a resistive

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

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

to a first source of constant potential;

a current source having a second output coupled to said first node, said current
source adapted to alternately source or sink a current to said first node through said second
output terminal, said current source having a control terminal coupled to said second node
adapted to receive a control signal for controlling whether said current source is sourcing

or sinking current at a particular time;
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el enent of said MRAM nenory cell and a first output

coupled to said first node; a capacitor having a first
w@bkateisoupl ed to said first node and a secondp@i/asm03/023794

coupled to a first source of constant potential; a

current source having a second output coupled to said

first node, said current source adapted to

alternately source or sink a current to said first

node t hrough sai.d second out.put terninal,.said e

cur ST SECHENIE & e BPUs equRliearo sid Bred god, a third input
co A AR AR R, LR FIMAITLBATEOR e k9 BGburce ofa
firststookoigrl, said ingiragr circvie hhviag aahjrdrautpud @uplddm; saidlsecond

WO 2004/ 017326 PCT/ US2003/ 023794 a conparator circuit
nOd%a%HChg a second input coupled to said first node, a

third input coupled to a source of a reference

po four i nput ¢ I . oyr ce. of .

P pEubtr Rl pRub8 4, RN S oBRME kB it QUL 58] ibuc coupled
to alsBiiFcd oTlseednd Bl8Ek §8ndl0a S@eftis RipAfdoupled®o adBHraR of a preset signal,

counter circuit having a fifth input coupled to sai dp
and hifpsrthrodpyt adapiedt do output a digipll edunttalee.sour ce of a

second cl ock signal, a seventh input coupled to a

source of a preset signal, and a fourth output

adapted to output a digital count value. 32
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