30 June 2006 DUAL LOOP SENSI NG SCHEME FOR RESI STI VE
MEMORY ELEMENTS BACKGROUND OF THE | NVENTI ON FI ELD OF

THE | NVENTI ON [ 0001] The present invention relates to
the reading of resistor-based nenory devices such_as
magnet o-resi stive random access nenory ( MVRAM dev? &g 2006

BRIAE P8 skRufed ScitRvE TR RESISIVE MEMORY ELEMENTS

Figure 1 shows one exanple of a resistor based nenory
array architecture <called a crosspoint array. The
menory array 8 includes a plurality of rowlines 6
arranged ortho naII to adglurallt of _columm |i nes
12. Each row Ii col umm
lines by a respectlve reS|st|ve menory cell 14. The
resi stance val ue of &hgres one of
two or nore | ogical vgﬁﬂggpgﬁpendlng on which of a
plurality of resistance values it is progranmed to
[0GOX] bi t . THe plesdn Giveentich irelate$ rd He reading pdrasistarrrased memory devices
havi ng resi stance cells 14 connected to row and col um
suchjag @ygnstq-m:ﬁn\?q@néomraécqﬁamm {MEAM) devieessvhich store logic values
tr.ansi stors in_the %ﬁyay [ 0003] An MRAM device is one
as rﬁﬂfﬁﬁ‘"&ﬁ % '8 A MEPEREYTt ng a resistance based nenory.
In an MRAM each resistive nenory cell typically
i ncludes a pinned nmagnetic |ayer, a sensed nagnetic
| ayer and a tunnel barrier bet ween the pi nned
and sensed | a¥ESCRIFY QN%%HI%\ T xed

magnetic alignment, and a magnetic ali gnment of the

(O e P gl SHRRERS iyt B hpon ey aciccue
calll8 RS EinOfirdy! erﬁé mG%F;PirtaSrfS ineRudEeR PAB W Fow BE: 6 arranged

resi stance val'ue, e. gher value, 15 used
ortbogpmially t@a ipbgality’ ‘of nei‘umdﬂuﬂos lan dakb n-owdsxcsx eaupécd/m qael;l of the

colSniped o 5 S S5 2, Sk en oo s memory
cell £5teSbAD BPnN@{:P%rPL §{s Pralides gl:gencﬁl% oh WREIPHEL EWSF resistance

resi stance val ues t Ic states
valwdsdr is profxhmmed 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. Inan 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 magnetc 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, ¢.8., a higher value,
is used to signify a logic “one” while another resistance value, ¢.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. .

e,



30 June 2006 [0004] For binary logic state sensing,

t he absol ute magni tude of nenory cell resistance need

not be known; only whether the resistance is above or

bel ow a threshold value that is internmediate to_the

| ogi ¢ one and | ogic zero resistance val ues. 30 June 2006
[00D4}t hel B85 binaBioERGrded Sedsiig thesdibabdlatomagninide b manoryycell

element is difficult because the technol ogy of the

resigranee deod set bersacwr; only whether shseesistanes is aboysorrhclow a threshold

M cel |l resistance, s. sense . th '
vall s e Rt P 6% 1pBic and 158 R8sl fohE8, Nogerheless
sc.rlsi.d_’%etlﬁ(m@@ Gta€of 44 MPAMCAREMohSclémencia difficdt Betadcthe technology of -
while the remaining rowlines and colum lines are
thehMRA M deyviqeampiosas iraultiplsi comgreain®educi ng or el i mi nating

transistors froma nenory cell tends to reduce cell

est [ S, _.in [ : ' :
[0BFEH o AN ek RRbabrr P8 3F shlelhith 18R of R ddkessed cel.
In @kt 5 S8k tADOME a rbWirédRhinB@ed itk 241P1s ypiddllySgrbended while the
achi eved by allow ng each resistive .elenent to remain

~ rempiiping iowaline and wplueh linesraze peldtat @ gartisnlag voltagsl. ulReducing or
dines at aJ]|l tines. As a result en a.,renory cell.
elipiriEgdiasomton §OR Lwedian babings s LR LR Cotars fguiremens,
. eTA FEIBF .
mcg%i;n ss%rggé g‘\:/vﬁsw %‘(Hea I?Tc(l)%c%% &?s% zf‘ conv eyn‘t:r?%kglﬁnmh% discussed
abokey ircydes ne teinkfsere nThislis achikived by aHowingwadn resistivgtlement to

one and_ a_l ogi ero is typically abouj 501G 2, or 5%
remain elosprically cotpled 1yfespecsive gork ang €9 s apall fimes, As a result,

iR SE R KO LS P MRS il crongh
theo@ibiep afindr celBnsfithg addiédded eSwdinance is to integrate a

current corresponding to the sensing voltage over
tine, and to sanple the resulting integrated voltage

[089€Lr a In ¢cenvenfongdMRAM gesigtance between a logic

devire, the 19k ges
ool BBA PG S ARk Br Ak AR o Bl B g vl
s A ML Ao S80S b e end o
zera seapaci tor with

[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
Vi to a reference voltage V., is related to the voltage applied ar the input of the

transconductance amplifier.



time. The time interval t. that the capacitor voltage
takes to clinb froman initial voltage VW to a
reference voltage V'd is related to the voltage

applied at the input of the transconductance

amplifier. 2 30 June 2006 [0009] As shown in fi glfene 2006

3, however, this sensing schene is vulnerable t .
[800% ast i A5 shogircie, Amre:d HSEVeiBhSEH SFEIG FEPFBE o lpfrahle i stochustic

nVOI L ﬂ%és%ac'%ﬁlé:%%gﬁtlﬁx} &%efl%g%c& U&uﬁc Rk Qﬂir Blercome the signal being

sure res 'ng asur enert produces an

nRASPEEOTHe F@tldng nibiSurchitft PRidiies a0drt@@OUS te@tlt when the noisy
crosses the reference voltage (V,r) threshold at tine

voltage sigpaliapssecths refferagicy yolgangNuétth%meplﬂ &t 1iesite- sensi ng

met hod i s needed for sensing the state of a resistive

GFIRF, L LM g A B g e

stal! df al REitfve Th@hbryickem&@rnsed by confi guring an nenory
cell so as to forma sensing voltage across the cell
that is related to a resistance of the cell. The

sensing voltage is applied to an input of a

t ransconduct anc ko ol iq]ﬁ[ nsi ng

current relat edﬁggﬁhgmwémgeifh gﬁgensi ng

current is integrated over tine with an additional

[GOTIENt amétokdihf €6 BHe hipetidiithe predegt ihddntoay MRAM el logic state is
i nprove sensing circuit sensitivity. [0012] During

sensers by gonfigueingansnergoryi acll wd as pr fogmesseasing Nolsagshacross the cell that is
everal states. .ln a Lrst state the sensing curren

related FnA EHSTATER oG Ly THG SFRERAVQIEARF B APPIIE foputjmput Of a

ﬁh&:ﬁh«é&%%ﬁiﬁftﬂ SitlicH &ﬁbu&rhaé'cﬂﬁﬁg QuBRAE]1atS to the séhsing voltage.
second state, ‘the 'sensing“current Ts summed wth a

The eaisthgegeent isdnregratehbyer ttimd withaa agditiondl qurramednd filtered through
current that discharges the capacitor. The resulting

a digivah gRuUntsIfQAmPpeoye: ;HRSIRE FEEUE WASIHES: onpared to a

reference voltage. Aresult of the conparison is used

to control a clocked digital counter. An output count

[0612]e di Duting seriRiighHRY seAQRE Bicuit Proglesbdsthrctighrsagedl states. Ina
basi's, on the sensing voltage. By conparing the

first state the sensing current is summed with a first posttive current to form 2 first summed

current that charges a capacitor. In a second state, the sensing current is summed with 2
second negative current, to form a sccfond summed current that d';scha.rgcs 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 presct to a presct 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 tine interval after the
counter is preset to a preset value, the |logical state
of the sensed MRAM cell can be ascertained. 3 3Q June
2006 [0013] These and other features and advant ag@dui5r006

[tmsg nvenThest dd dtheefeaRire dndediintagdifehéindestid Wil be more clearly

the follow ng detail ed description which is provided _
understnaddtem dhe fplidwing detailed dessapyomyhirhdaprayidedsmicernection with
SCRI PTI ON THE DRAW NGS [0014] FIG 1 shows a

PPN BYE STVERBT onal  MRAM devi ce using a crosspoi nt
architecture; [0015] FIG 2 shows an idealized tine

versus vol t age BRI®F DESERIPTIGNIOF THEDRAVANGS

according to one nethod of sensing MRAM cel |

resistance; [0016 | FIG 3 shows a time versus voltage .
[BO34] as i BIGi shewvsa pprtiongf canvrntionabMRAM | desige uping 8 £rosspoint
S RRQENT | [0017] FIG 4 shows a portion of a magnetic
random access nenory. device according to the present
invention; [0018] FIG 5 shows a portion of the figure

[6018)i ce BIGDehéwd dn ERAlSIcH Fimd V@S lvolthge plét SNaYEtéprated voltage
sensing circuit of the present invention in block

agfiogding ke oho magthpd ©f e4nsingIRAM zall misistance; ti i ng
diagramfor a voltage signal the of figure 6 <circuit

j [ t d r.el ated i, 1002 FIG . 8A-8C.. .
(803G FIGPRY e el ol o Bgnie e ipona
véika hﬁ,iscfdow(ﬁmgt;ci rcuit with a first non-null input
and rel ated val ues; [0022] FIG 9A-9B shows a tim ng

di agram for an idealized voltage signal of the
[ool 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 scnsing 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

timng diagramfor a voltage signal as in. figures 8A-

8B, with an additional noise conmponent; 4 30 Jun 00
gﬂiﬁ'ﬂffgﬁ%

[0024] FIG 11 shows a further enbodi ment of a s

ireujt of present. jnvention; [Q025].FIG 1 2

B0REL & ¥img 1ha5s & ket Fhadi e ot b S e Bresene

iRehtign: Circuit of figure 11; [0026] FIG 13 shows an

exenplary digital systemincorporating a menory device

having a sensing circuit according to one aspect of ]

[0@25) eserBIG. 1:24n1 2B shovBETHMiMEDLENTSORS T Agnres® AT¢laccording to the
027] The present invention operates by

I NVENT]} ON [
F’é@éﬁ%éﬁ%‘“aﬂii gnal, representing a programmed
resistance state of a resistive nenory cell, at a

hehdépl C 3. i T i _
Fg%ﬂaa I Q1. '3 shOwk G léké:hﬁlgmcg?\%lﬁy:%&rzg gttgg%%itﬂghf?] memory device

er a sensing tine |
hedng b sagingsiranit acdording to wataspecref the phsestliseeritoa.
count value is digitized and acquired over an extended

<1 torod Qo TATbBPAPERC TP LGN TEE IVEREIONT T
overview, a portion of a nenory device according to

pect 3 j H ighdladephkenting a
PO Ve T P aeGHbh 8Berads By PRERANY sihilfiépRucndng
prgrahmed eesiztangc pard 6futcsisavernanyryaell] atraadigivs counter. A resulting
represented by a sensing _voltage. The device 5 |

digitnl eauat gHue takan altesp syving Wer MEcryal, reprayenisahs fopisgnce state of the

C lectri I onduct ive. [ ) .
BRERAY ol ehlts e b Wéfodef Sl 5Biedt o3Pt Brended e,
highefeqlidncylsiechabiid Abibé ih thk systith Isifi@febonts di sposed
substantially orthogonally to the plurality of colum
lines 12, defining a plurality of overlap regjons at )
(0028 s pe Figurs 4shoysi gsshematic eyendew.crprtipRl rgnemopy device

iracg:\gécﬁqg ﬁé: 81'1:9 gr[])ccl:ti ofthe %Qnggn.dj\sé oosss’peo(:inti anrra?‘rbclvfi rdsistive Fr’r%:?neéjry cells are
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
clectrically 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, arc cach coupled to a respective onc 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 cach 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
plurality of MRAM resistive cells 14. A plurality of
switching devices 51, typically inplenented w tgo 2006
transi stors, are each coupled to a respective on ofme

a sdwerce ofwdltagesVa B4 uhderathkicostrolsaficonerobéiranimél. aThe control circuit 61

potentia ound). 20, and. a secongd. sour.c f cqnpst ant
oBGRBRT Fah QYIRS By, Ohaaeins SHeRSL It fetufirp e qunded
» | e 3 . - .
SRS TS R ALGEPR s e ot e UP AR device 51 when row 54 s
scinctededhiring imat cpde.S5A. plifality of\serisiy cigruite 80 @esreéspectively connected to

adapted to alternately connect the rowlines 6 to
d’ﬁ bty af cg lings 135° June 2006 a source of voltage,
Va 24 under the control of control circuit 61. The
col ci , o _ Cali Ly af
[SWI t]chi ng& Bg%{sé@ g’%’lﬂ}? %Hg@%le aul t rl%gvtvn%ili1 E%ﬂﬁé o@#d‘g%m% the
vations! cketwical poskhizly novidely theeidoritiopbragdst e pawre sapply defines three
of switching device 51 when row 54 is selected during,
p%fcv%ﬁﬂmé{}]@% a groynd patential 29, ancoperatipecyalage Ve dor the gircuit
clivel the .ph. [ ofy CcOl U
el E8E " Yo BRAIE B8 Sob et RSN abdve 10 dlBest of he
inedrRiin) deadolisgt MM it Bpprotmdiélpisnpldhe various
el ectrical potentials at which the circuit operates.
The _power. supply defines three potentials includin

[09300n pdndiemais, stkcteshraop Bne,o4 ixghoumtcagpledse thevoleags Va 24 by
sefe suiehiRapyee Spn XhutsSntald-G95d ridumn Rty ot e piatiy of

cotithh &858 MRis%dsd sho@BP "The ﬁ@ﬁéﬂl&i— meBh &1t iSO@ﬁPJ:oddEcts e selected

Figure 5, selected row line 54 is siown coupled to the

rovwditteageanthti@pamjculaebohote ins 30 icilionillusteattd.c AG2speative sensing circuit,

e pluralit

articul.ar, addressed col u line 30 of t y .

135 OPGRAHHFY compected:to; columa ng A0 \far scpsiossh voltage the column line

d‘r@ggr connects the selected row |line 54
3 an tr%sgegéa'!?tégllﬂt‘&;?bbol um line 30 is also illustrated.

A respective sensing circuit; 130 is operatively
[003di}ect edstilhustatsdyndak patBRiemoty callsse.gg 38140,41, 1440946 pforming a

the columm line. 30 with respect to ground 20.

subset of the plurality of memory cclls 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 serics
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 fcsisn'vc memory ccll 38

mﬁgcs from about 900KQ to about 1.1MCQ. In various embodiments prepared using

current technofogy, memory cell resistance may be found in a range from about 900KQ to

about 1MQ in the low resistance state and from aBout 950KS2 to about 1.1MQ in the high
p ‘



[0031] As illustrated, sneak path nenory cells, e.qg.,
34,40, 42,44,46, formng a subset of the plurality of
menory cells 14, are connected between the colum I|ine
30 and a respective plurality of rowlines 6. E
row | ine 6, except for the one connected to serl_s,gﬁ!ﬁmezoo6

cell 38, is _grounded by a respecti ve,gﬁvvi t chi ng deViriqe Iti
Bistane sats. Joppagicwlar drvies, the lovwpandobish s3nges dongt Quedap. 1tis

ﬁ@@é?sitg% El?zg aﬁ{rag%gseﬁﬂhg @C%@%Q Efe ﬂ‘%é’rgii”ﬁ"g Zell ﬁ'gg gn@d difftrent -

onnec series Icular r I stance

FeSikstan ESvaheds ig whidhs@f présehtiiveriionemBonsinithéles be ceariclygpplicd.
node between the sneak path cells and the sensed cell

38. The sensing voltage at colum |jine 30 .is_ coupled

(033 e sedgyrg Odilnemates anzmbgdiment of the ipyendap iy ta sensing

t.he, resistance of sel.ected resjstive nenor el]l 38.

kg a5 ap apstinsgaD ropntib it < {ohuR e s Gt siive memory
&Redi TRObhsiRgRRROR tholRieD h trfilsbofitictdnes BRLAH212TETRE Y

cell resistanCe may be found in a range from about

@attofductanca buplifidmigs i rankfer fupation sucht thate cerernta Idneitput at an
from abou 5 0 tg..about, 1.1M Q | n t he,.hi
RARRE D2 HE ol S arumine: Artacti 15 Tpled sy
H@iﬂc‘?yvﬂg%u#&tbcféﬁ'ﬂs%f e DRPLAYES dtRectel th first é)latc 220 of a
under t v f th

st oo at advances 1 n the technol ogy o
capadiadri22e, eed Arseinpuy 224 df dicidckedcomparaoir 228 nwean/mipue28 of a

LT T A TN —
SR ek 60 B A 48 RS e b perorms

§y94 propetli Benfifhréd tanscondsirinte afiphiey2]2iniaking. a stparate analog preset
sensing circuit includes a transconductance anplifier
cinepit urinscessatyis & be qumentsourcs eiyrwit 280 ivpsdapted topltsmatcly supply or

f [ h.th ;
BB Sl s 4 R Y conc
@il b 'cﬁta@'&oh&gphpﬁpﬂ% i dheQurrehsoude®230.1 The cibéRed comparator

out put” node 216 of the anplifier is connected to a
226 exclygena ecc2ad ingut 38zdppteid tto be 224ntaingd at aireference poltage Vi 312

4 0 cl ocked conpar at or , to.an in 28 of a .
(Eire b Feerepss vage soigee 280 4 SR BRAF PE) fipted o Recive 2 dock
SpaP Und%totpuCte £ PhOSuBUE S8 of HicCnbparator 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

s inpt node 218 of the

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 applicd 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
configured transconductance anplifier 212 making a
separate anal og preset circuit unnecessary. The
current source circuit 230 is adapted to al t er nat®f

¢ 2006
- atghpinppt 346 afjthdigital counter24Btas seemas the d¢dcs:npluaaeﬂéaif¥b¢

coAbof 0 BSR6th Mk phirsgof T baehu BB compartor
is 2180 applitd t6!the k8RS ORPAF 235f the ZArk ACIHEESCiRLADIIN dAccordingly,

i nput 238 adapted to be nmintained at a reference
cuyrsht 262 flows fidn® the(inpyti228 BArubyntsouedestienitd 30cbtaa geraise the

ource 240, a cl i nput 242 adapt to receive a

voligH S5 i mndied Y LR s B IR SBur put 944 of t he
conmparator 226 is coupled to an up/down input 246 of

[0938] ockeg; mho%%@%umﬁéggﬁa 0 b440/300 RAUhe %ﬁ?a?ér 222 when

the curren supply circuit e cl ocked counter
novidtage sl applbied at mpoacR18 wpampldficd 212pr eset i nput 252  and
a digital count output 254 including a plurality of

(ofp8l "  d glsagn 367 oig éépg%ff 122 7545R bocriba valras beeshold
i PR3 S R 5 o,
. thovoltdge onaaphcitor22 dntiauss @ik untibh gldck @Ansifiph iof elodl signal 306

the digital preset input 252. [0035] Assuming that the
(gare &) 1w detesisd 2 the gack mput2def thercomparater P65 Upenidetection of a

: r vgl f 31 lked at th cond

el R EraphiGhf, R GpLE ROSH he D Aot Sl 228 i 2 rom
“upd epddown’), 2REspohsitelpifik Yuerdti sbltce\ciiclii 230" Bl begin

to an "up" input 7 30 June 2006 at the input 246 of
exyr3csingicyrnent 269 drome thoeppacitor 233n fsscurteat 260 flows pptiof thé 2apacitor,

of .t he npar at or .226 regej ves .a clock. si gnal
the'Yoltagf o $he eapanieor flls o, and thes Bel e Felhenti Folges Vorlevel.
Thefeaftts ' i 4 ' it

e R ER L 2ock AghIPa AP s A ccfcktor 296 ransiops, che

compararorfouput togglespgain?228 of current source circuit 230
so as to raise the voltage on the capacitor 222 above

Yt RN WK T A T S
i 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 applicd at the clock
input 242 of the clock comparator 226.

[0041] Figure 7D shows an output count value 308 exhibited at the ontput 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

above the voltage threshold defined by the reference

vol tage 312 applied at input 238 of conparator 228.
Thereafter, the voltage on capacitor 222 contin§§§u39§0m5
rise until a clock transition of clock signal 306

(F0042] TheCpungerapelizaliechunts awny fimthe prstsvaing and pagkyto it.

c arato 26. Upon detectign, of dock tranmsition
CEeheaiy i cquabitorn s oAt b AR spiSPgrage vaue of
t tﬁng %c%&] ESurfter cdun? RmaitPsubs@ntislf ¥dnitan RaRBOAR! digitAl preset value).

t he rrent source circult 230 changes state to begin

eStbeiestic noiscatr the iripi 6 the comparator spp cavsethe eountesto increment the
current 260 fl ows out of the capacitqr, the yol tc?géaauscthc

oﬁﬁ’f“ﬂh&’hélaﬁébpﬂﬁirﬂqtal writige, AR RdRngem A Rt wn
(ol 26 Bl BlRiant B oo e S dptriond iR Rechifs. The noise will be

t feERandding s Thieltounee tistéfotoictoust ittt oo highdscqugacymoise in the system.
[0038] The resulting voltage 302 on the capacitor 222

oscillates with a symetrical  triangular, wav r )
[6943) i oWheribednpaivaltage semaapplicaitohe LRy 318 ehsbe amplifir 212
applied at the clogck in 25 :

B Bah e 3 sheresrondite ROP Hirotisaf 114 B app B kfthe it plare 220 of the
3@facdil2ped 2@, WS thé ARwlting 48leaie wivefathoerk the first plate 222 of
conmparator 226. [0041] Figure 7D shows an out put count '

Vi wepagder 220 mibicn adirsttvoltage isapplisd ke fiput 238 of samamaplifier 212.
248. Note, that the output count 308 begins at a

di f4e3 t val 0. 8 30 1
U S b I P e g 6020
S RAE kurkéht! sburce CRosR WD, for ckilfiple Othd(s@hiscCT14hé Gurséht 214 out of the

and down alternately, and the time average val ue of
t dmplifieg 21 2 kerodsun tcharge abecapadivei 222, thebeapagitara22ycharges slightly more

IR e b BSGE VEbE S o RESRRE A6 ot 71
COYNeGherdtt), I8 GHRE bedwden transitions of the comparator clock signal 306, the
voltage on the capacitor 222 tends to rise slightly morc 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
t, Lo (as shown in figure 8C) of the clock signal 306 applicd 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 sho{vn, 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

many spurious decrements as spurious increnents. The
noise will be self-canceling. The counter therefgre
acts to filter out high frequency noise in the S);'gtllé"rﬁzg%

[?@‘55413] WiBerauseeofithe irtflovod f cugrens 2 ivh frlormattl dnsplifices 21 Aiénto the
PR T il < o g oo o e
digraonthe sl delhefi s A cBRBG g e he Elalciaepr S 3thage

apflied bh ehedapacd Y®of theQmyliier 203.i r st vol tage is applied
to the input 218 of the anplifier 212. [0044] The

ent 214 fromthe anplifier 212 adds with the
[60481cn: s ?T%s'erc &Fograp hically ilnarages;the Nelug gurus byithe digital counter 248

. e s t nt.214 out,. of
coffaPoncif v MW ie bR ARErcn. 2B REcB e i 3 sl value
cxhiitdredaipaie botput 284 offeliddsckelicoldey 248! The hidrizkhial Bishows time.

di scharges slightly nore slowy than is the case for

the signal 302 of figure 7A. Consequently, in the
[G40478 pet vidergraphuptiigurs $8 dis shawss anpme s arcounpedue 310 equal to the

« fl.gnal 306, t.h volta on the capacitor 222 tengs,.t.0

P B Ty bRt Eoy Al AR R P it (gl preset

vahi¥redi) azsland Halk Howhne da@&%(ﬁ!rgr@{éi'vﬁlh%lbl Mthis 65y repeatedly
result, the average voltage on the capacitor tengs t% _

untilsas time,, tthersounttdrbps 829 onpadditional luast feam whelHigiteldpreset value 310

%Ggess, char to Lnt, where the. discharge of the
toiag‘ﬂﬂ""lt ipsce Hane b )88 ot RS REcahercRftetn » flac count output
vahBSWch iR By D di a 10 | .

bel ow tt%acegéefereﬁgdéﬁ\g}%lb?%atewc?ﬁ@.ﬂ&nseqﬁgﬁ%ﬁ;ﬁ{ﬁé& 310.

voltage 320 on the capacitor 222 is above the

[00483r enc Figuvt PAghodt 2hé msulting voluymesigtial 340 ohahs cipaciter 222 when
9, do (as1 sgéwn in figure 8C) of the clock signal 306
a %ﬁ-‘ﬁFPé&-&t argrR) voltagsisiapplind toahe gaput2d 8 ofithe Replificr 212. As in the
r.at.o | Bad S fl ect in_the diaital count
RSB Bl theRmet Soflagcor fie BB1s e (s Bl Acafig 1 current
21dpnppliti byothichenplifier2 12 $0apkr H0 if QHORSre 3 BeasbShoWa¥] the rate of
the tinme average val ue of the counter output changes
this fis¢rimmean sapagiser, ¥olzame is Hster that émfgueei 84 Caasquentdq as scen in
ﬁg’EJPWB,lex%Gconsccuﬁvc 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] Figurc 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 2 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 (ﬁgurc 10D),

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

10



[0045 ] Because of the inflow of current 214 fromthe
anplifier 212 into the capacitor 222 this situation

will repeat periodically, and the time averaged count

on the digital counter wll decrease at a rate
corresponding to the magni tude of the voltage a|5’|9IJ}“Z§dZOO6

ﬁb hﬁ%tsugs'ltﬁ?(l‘?{llj fri1E oA'ERE hf:hﬁ:[tc édiint dPU&] aﬁ:érgl%ﬁnvcly long

8B graphi cally strates the val ue output by t
stingplireg duradiort.er 248 corresponding to the vol tage
signal of figure 8A The verti cal axis shows a digital

K@Q#ﬁeas S ﬁ.elt q%g}vp 2 q:r agéé) gﬁ-ﬁ\é}(g\(r){qulﬁge %8&17? second amplifier
I:Q 3 ﬂr % ttf.) W&eﬁc@c&%%l ' aﬁﬁ%rlgset L\g‘aﬁgﬁg 8, h0\Bitage divider

Ih &icﬁk@dck ebl.unimlﬁ:d?mlmhtwa‘ﬂbrlteupiedl B & fiesp cod ©f did denbddl memory cell 38,
("digita preset val ue" +1) 325 and back_ down to the

amdr cml ek suaaktmﬂsmxstmﬁt 3% odednpuy eqskét 18 the sensing circuit is

436 boupidl ed theqhait idd $0.0 B aBlork Ao RY s pAffftckisGRE 39 is
agiet td/ UEd potehtal3RY, anf QlseMdent dTRb4 E&fs&ﬂﬁk&{ory a&ll 38 is coupled
shown, count out EUt varies with t| me bet ween

(Odst?guce&bfqgraesretta 22, 1) 327 and "digital preset
val ue" 310. [0048] Figure 9A shows the resulting

(R399 B B8 30 G RRGE Saf hhrpondncance
%ﬂaig%ﬁcr§1§ ith 46 wta k&gl ag.ﬁg&sna& 310 thie ¥ohfnPhne 30, and an

, the averag capacitor rises over
- bapat 2Bé canpled tdtdtccﬁmr;ﬂxtt 229]04 adisprhpaeitobP22 hEnstead of being directly

amplifier 212 is larger, than in the figure 8A casg,

FR}H?&RFL f0 any igput, 'afs the glpck%tcgnw%ter 246 Mw&a&e F%naetor platc 220 s
P8 drSi

E’cﬂ.ttrl] |nd'ufm ure %M]tﬁwcgg;h}?ggé e 4o -cgﬂ s 342

344 occur nore frequently than is the case in flgure

E053he r eeubitpus 51 ef dichfartiegiriratomiudtines advplifiv 312 is couplcd toa
decrenent_fromthe d| gi tal e':{)reset val ue 310 nopre

seaprdiplatcad2 ot srread capaeitRre32s and p thednper 23eof ﬂwtockcd

o 23T A AP R PO o

24515f @ codddr 398 RARBE Gnpiit 528 dffiQcctndi @R ne bﬁﬁﬂ} citfuit 530. The
figure 9A [0050’] Fi gure 10A reproduces the graph of

outgur 3280f tbéxbvbcd tompanatardi2éds alsopqupleshthroghanlénerter 503 to an
‘883552‘%?93@ oqugggt(:) Q. Sapacidar 220. As is

[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
transition tinme 4 of a noiseless system (figure 10B).
Such early or late transition, 10 30 June 2006
however, has no substantial effect on the ultimat8June2006

artoweid repdily dediye fiomethe foregping disglgsuren giraubizpyhiply a single analog
' 1] Fi. 1 f . t_qf
ool BT b L B BIENP o o b398 2

Alefmitely eshet Raf, bk (diehsskd ebSRS Effckrt d BRbireedialdg predey usiﬁ? thdlamplificr
figure 6, the voltage divider 33 includes colum Tine

cirggtsid 2y S Ly sushurbhtnp separits anadog presetorircuin és regwisest
menory cell 38, and a first end of the sneak path

(008851 "€ oHSppislt SR IoyRHS0 11 aBieuhiF? TE BRI posicive gein, while
thé AEPRREr &0 @hitliRGegniakganat ThuS gl ﬁ{&r&ﬁ§§ gf?ﬁlﬁd a6 Diphk €98

. to ground potential” 20,” and a second en t he sensed

ingreanes; thecairreng § 1dfayang butiof inputa5 b drgreases (arinargase in a negative

- voltgge (Va) 22.. [0052] As ip the.figure 6 circuit,

serpshls PAPRS 45 QRCrarORyIE LT BbBEIrS 1 A G dhciattier than dow,

froR{P HightaPhredctdraliiet aca'hgﬂy &gﬁ, I :
210 tg?) t%re colalgﬂr?nh}r?ne O,Bgn aér}]ﬁygt?%ll}ta{vgllga ouplqg and 128
to the first plate 220 of a first capacitor 222.

[0057]} ead Bigubel 24y shivwethie| vpltagnoph eapacitonh22 operttimé. Theactual

cl ocked co rator 226, .however, the capacitor plate
volisgg aeph BHH e compaiRd of SFOne PadesiCuRvas, falyes than finc segments. The

S h PR Bhar b SRBated [l BAC semrifor Mslf Bblschiion

coupled to a second plate 520 of a second capacitor
[068®] andFigore h2B skpws hAR dhodigithleroninenrid4@ increnjeatsatidi time from a
. 226. The output, 224 of the cl ocked conparator _ 226 is
digia] presey valye 310 ipsplation portheaperationcef the sircuin of figig ldne
i nput 528 of a second current supply circuit 530. The

[o@s9pPut 224hBlid Ben St R hE B.E'%giv@fa% valo oifgl%ea%%gug]pnt supplied by

coupl ed through an I nverter to¥an 1np
currdrt sapslp 230w the AguR®.¢ifdich Equldl tto 2RO timcWWodge Filte of current 214,

b S S Bt e b e P g ey e
madec to trend upwardly or downwardly depending on routine selection of circuit
parameters. It should also be noted that in onc 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 cxample, a minimum of 500 clock cycles will yield a resolution of 0.2 nancamperes
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
that current source 230 is supplying current 262 to
capacitor plate 220 (and vice versa). [0055] In
alternative enmbodi nent, a single current source 30 June 2006

L GA d, t | !
* bl el 85 oliGhie, erci B oyittaf BREChS Eoripgdtor btk and the
Riofek clogk bpetaie LaSneSaejifen &gghath Woyat 532
to capagi tggﬁgl aaﬁgﬂ%%%? One o%qgflilll inc)?lgmea?ll 30 June

2006__art would readily derive fromthe foregoin ] -
d08BRbsur eFigurs 13 illusteatas e exemplary Prpcssing wEiSH 998 which utilizesa

Ihisiindstite 33 SmRGASB bR Vel ikt g SRk F 300 U thE bitsent
Ghveatish.eTha peo@ssir fysten 200RRlndedom ey ﬁ@r@;?z%%&&oﬂd 01 Goupled to a
the anplifier «circuits 212, 512, such that no

degahbug WandImnqry eontroliér2d2i andiaprinagry ibue bridg© 968 jare also coupled the
ne, as t of the invention, the anplifier 212
3o6R} B4 20%, o Lhs prpcessin mtem 400 mayiacliy mysplf nismory controllers 902
ﬁgﬁﬁﬁl ibRidedd B rﬁﬁﬁl [ ;
gﬁa)i/%pﬁl}?l Dg)l [ %‘?rﬂg‘gé’g’g,g t he 'c'g?crltggltqm\é%a ovﬂﬁﬁgbéﬁfd the primary
blus brigge 963 fhag be imagmeed ara singls daviez 906. a negati ve
sense). Hence, in operation, the circuit of figure .|

LOBEAE, B RS pob bt S oy b
SRPUTSE: APt s Dk R OHE e e e

wednaygdegeaph comuinckhl all ¢esikpios sksing s?;ﬁ@rﬁ i thd pRBent invention. The
curves, rather than |line segnments. The graph shown
MEEnQrE epMppRensk PAS MaY beia memprycasd gre mesgrymasdhde  Examples of

tatl 0058] . ki qure 12B shqws t\he -
R ER Pl ot e il fhaddy PR SERARAE) i ol inline memory
il DEMMS! Ti Mem3APcdmpdRhal908 mhPinchRlc PR G rhére additional
of the circuit of figure 11. [0059] It" should be noted
devieesiNe. Homexample dge SIMMeordpIMNM, the additiondrdevice 909 might be a

supplied b current supply 230 of th Lgure 6

2RO hema Sieh psaesepnbspen degeetsP R Fisniy, Fgumemory
drttrollel 962 My el Bel &u?moaeéak%cﬁB%m . Th€adHeWemory 905 may
aver age val ué of the Counter out put y be

be the only cache memory in the processing system. Alternatively, other devices, for
cxample, 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 opcrated in parallel, or different address ranges may be mapped to different memory
buses 907.

[006'3] 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

al so be noted that in one aspect the input node 210 of
sensing circuit 200 nmay desirably be coupled to_the

colum line 30 in series through a capacitor so 34 dune 3006

- paripheral bug 9 0. CChessrdevitenmayp includg atstarage caperoljed 08 D] ani miscellancous

A T M N
dfec PtcHRG 92051 TEL n‘?o ogﬁ%fﬂg?ﬁ 903 TH4 & {qﬁzﬁfe‘{oaong%}rmorc special

exanple, a mninu cycl es

pupodctiglospeotl por@ 9220 danpmremal cdintguters fgranamiple, cher special purpose

214. (As woul d be understood_by Q0 of skill ipn the

Bt imiglyibe the ﬂseﬁwaﬁpdoém@gt@k Pprte(ésgiﬁ’r)e peed togeupicipcdhugh performance
d [ ' @]rﬁé frequencies is a matter of

' ﬁ%@?@u@@%&gg&%gu |nr§ g’si gn. For exanple, there is

no requirement that the conparator clock and the

[666dder cThelstorpgr edraraller Obk couples dricoounorystonkt devige 913, viaa
t he y.do so. [0061] Figure 13 illustrates an

s@@éﬁ)g‘gﬁ%&p 8 &%E?ﬂlgl@m L 8odopexamplethe stosagecontroller 911 may

! . ‘ . .
SR A5y ETRGE VI 1 ) b SESL AL TSRS e 516 may
be\asiiy 60t OF Petipledrald Foreremple, 1Y PHOGESPLE faP B afi dotRl £€a network
to a local bus 904. A nenory controller 902 and a

inferfages juchips aprEthgmes ogdarkheareandantbnscdridgeanay brwsed so dnterface.

adondl erREP S RRDAILs BUS b e ipoctie pafest Fof Brafpdlc Ehe secondary
bk beags maP be ahRmiveRED dtial PBE (TSRS oRQRl ru.dlcd REcoupldBEE devices

bus bridge 903 may be int egﬁr{gt ed’as a single device
N Faia 1o processingreystany 990 thiboinhwitin@dia processcr® 1L8omay bala sound card,

2 idegpetie %°€E W%%éﬁ 5@%6&%#5%?&%%@9% be coupled to
oAB AddRHRI devitey hich <5 p &Rk 19, TRi lﬁﬁc& H’l@ﬁkrﬁ Iéit&?acc 920 is used to

sensi ng system of the present inve menory

couplp depacyt cv8@B, foryxdmpla, cldanstyled keyboardsandanioe yto the processing
nodul Exanpl es of nenory nodul es include single
sYsFﬁq‘r?gonenDry modul es (SIMvs) and dual inline menory

[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 asa
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 architecrure which relics 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 (includiﬁg 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

SIMM or DIMM the additional device 909 m ght be a

configuration nmenory, such as a serial presence detect

(SPD) nenory. The nenory controller 902 may al sg¥pee 2006

%QHE}%%H o?r&?mﬁ. niﬁ{p&%di%gg:lonpﬂﬁxm@& ?@f@%pﬁ?élimination of

may e the only cache nmenory 1 n e processing

micerisanAbbmpondrit, alditoatdf @?ﬁcﬁ&'\téd:&&iccﬁ Of cireii®)qHde’or integraton of a

processors 901 may al so include cache nenories, which
Brohdgvicek he hi erarchy with cache nenory 905. If

the processing system 900 i nclude peripherals or

[l er ' - ichi t . .
JPOBEY o AR e AES el RIS REE g ieiGh hNANRRh dexcriped in the
lihystiafBphedtRive, i siiadd be aadeseRdathit htR@e cxchiplirh ©f the invention and
menmory controller 902 is coupled to a plurality of

RENRPY toesconsidord ag ligniting ndddgitions; dalsrions pubssisutignsy andeother

' | el di,f f t ;add . b d
odtERonE s B s VGRS GE RopIBa ot B 5PPHET P Present
renBbhddRcHddhghy (ROURESSLD B ndt té B8onsRIERdPAMNInRRA BY the foregoing
bus 910. Various devices, such as peripherals or

dastinipiondiut i enly linitgd by thy sdope of thel appendediddms3 30
June 2006 peripheral bus 910. These devi ces may

i nclude a storage controller 911, an m scell aneous
I/ O device 914, a secondary bus bridge 915, a

mul ti medi a 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

an Ethernet card. The seconda&y bus bridge nay be used
to interface additional devices via another bus 59

the processing system For e t he secondarﬁ Hl5L0006
bri dge may be an uni versal éiﬁgiﬁﬁﬁort (USB)

controller used to couple USB devices 917 via to the
processi ng system 900. The nultimedia processor 918

1My A ehethod@fRenstidd dresistanvd stee ofaptdistre@ddrlory@ell @0mprising:
ot her type of nedia interface, which nay al so be

pEAHR £t uﬁ&%@gﬂi kAR oA haf £ Al AcRBLaH@hitmory
919.” The | egacy device iriterface 920 isused to

upl e I egacy devices, for exanple, older styled
yboards and mce, to the processing system 900.

[ 0065] The processi system 900 .illustrated _.in figur
90 ehuling i eean e ieh 4 Rt il BB SrAREET O hEfal
the invention may be used. Wiile figure 13 illustrates
ceuntgik ocessi ng architecture especially suitable for a
general purpose conputer, such as a personal conputer
or arspeekdlyahcremeniing aitoddectnmting aakigitat eshritéradounied i said
known nodifications can be nmade to configure the

dRiAr &5t GuSy b MBI glaRefABE OMBe BPER] sblirk aRbwed S¥ertiinm,
in a variety of applications. For exanple, nany

CFUBELIEILE RS ML AE SRS FoRLRSERE Uy M PRor
%g a,CPU 901 coupled to nenory conponents 908 and/ or

¢ py devi ces 100. These el ectronic devi ces nay

i nclude, but are not limted to audi o/video processors .
and FelaEeyigstaglaneang valys 9bpad coun; igkemat anartaylaytipe to said
sets, wired or wireless tel ephones, navigation devices
resistanice diategp fgsitreststiveanemdoyreetlhe gl obal posi ti oni ng
system (GPS) and/or inertial navigation), and digital

14 30 June 2006 caneras and/or recorders. The
nodi fi cations may include, for exanple, elimnation of

aun n%&%ﬁﬁ%f%&@%{f&&& ér&ﬂéio% &fistsR %glgérg%@@ as defined in

devi ce_s or cCi I'CU! , and/or 1 ntegration
cﬁirH il %Iurl'tﬁé/r c%];np% i‘lnlgc es.

initializing said count of said digital counter to a first value at an initial time;

it

evaluating satd 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.



[0066] Wil e preferred enbodi nents of the invention

have been described in the illustrations above, it
shoul d be understood that the@e are exenplary of the
invention and are not to be considered as limtjng.

Addi tions, deletions, substitutions, and other 3° e 2006
nodi fi cati ons can be nade w thout departing fromthe
spirit or scope_of the present invention. )
4acc ok Methgdyof senfing anesistanemstats of gresigiveanarpiyicglrasglefiged in
limted by the foregoing description but is only

claimilt edicifein ¢k irscompantiof commerisggpended cl ai ns. 15 16

CLAI M5 30 June 2006 1. A nethod of sensing a

r esi sicadifiéntiigal wah@f ofsaldeoufifet WhileRVBItNgeC®] 4 capacitor is rising,
conprising: passing a current through said nenory

sﬁglvb}t{i% g;frB 8, & 1R féla;t&ﬁtf gggﬂ%gstt%ﬁé qmﬁ%@&%xm&@la!ngnﬁer

coup sai d voltag east one integrating

ampl.ifier to a digital counter:.. repe I

AR b e T Re pefR T RS er coun

of said digital counter such that a noving average

val ue of said count, viewed over tine, changes at a
rate related to a magni tude of said voltage across '
Ssai dAmegthert pRasnsingranssistansksiateeich resisg mgmary cell, as defined in
I nst ant aneous val ue of said count, taken at a
chantliwhdran: tine to said resistance state of said
resistive menory cell. 2. A nethod of sensing a

resi gliafeebRif iRéluded @hshd ¥ BrBIMbYr SRNLIe3 61 8 BliistRE
in claiml further conprising: initializing said

f ich digital counter to a first value at an
cﬁﬁ# %%%lgﬁﬁégy’é%gluating said count at a second tine

after said initial tine to .ascertain a.second :
sala%ecrementmg 1ncfudes counting a second number 56 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,
cach 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;



value; and relating a difference between said second

and first values to said resistance state of said

resistive menory cell. 3. A nmethod of sensing a

resi stance state of a resistive nenory cell, as

defined in claim1, wherein said noving average vy 2006

of saipplemutitingdan] GARESs ANE Bis&ﬂa[ﬂﬁng%ﬁrr%ﬂts%ﬂ?a ARARy Burrent, said
A nmet hod of sensing a resistance sfate of a resistive

furthes cyrrert axtensling] o iduratipni of ong loainmore timwhintarivals efdaill second plurality

kphcrenment in onprises; increnenting.a val ue of sai

of Bl Al S50 Bohird pluualty o7 Epnaet pinei Eiepaly o Rcher current
rélittd 1o/  bdsREMCE VARE 68 resiive Bidsent Bf PAlchnory YelPSail ?&&E{mc valug
one transconductance anplifier receiving as an inpu
cora¢sgonding 2g e logicalsmts of shid memery vell; nenory cell. 5. A

nmet hod of sensing a resistance state of a resistive.

nmenor.y. .as defined.jn clajml wherein: said.. .
ottty iR Fesn ety i Franfry 2t S Brst lralfy O time intervals and
&ivdi@tly dbcramPRfihg 94§ co ' ggm&e ; | furaliti
p_de(;r en)ént? ng i nc?udgscog%%g??%ﬁfga{shecon ﬁ%dr/r%%(?ﬁg‘%é@ ties of
tigg dteryalsfso a8 kel e fipae mi ned ichargednt kaid icgumad valtevewen ticiey and

wherein said first and second nunbers of periodic
assi.n

cl ock cl es are dependent upon,said current, : .

¢ hr GCi3RE 8 nek Shangd e sqid caps valsis gver Bme 0 saidHpgiettite of said
megbs &dl. a | ogi cal state of a memory cell conprising:

presetting a count value of a counter to a preset

count val ue; charging a capacitor with a charging

current during a first plurality of tine intervals,

7. el B0 P g 3 i L4 ot S i
fupthtr durfent @bipeiSes' I @aBGAg BT&RAS a threshol d vol t age;

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 intcrvals.

9. A method of sensing a state of 2 memory cell as defined in claim 6 wherein said

petiodically 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:
18 |



di scharging said capacitor with a di schargi ng current

during a second plurality of tine intervals, each

time interval of said second plurality term nated when

a periodic test of said capacitor indicates thagoja 2006
second vol tage thereon is bel ow said threshol d une ‘
vol 1 agReividl aHiftferARiBee PR f&'?zﬂc? Fd3raRdd PhIGSH Sd'Esistie clement at
di schargin a‘cu‘rrents ﬁnctﬁﬁ a rther current, s%%d

fin irtplue of £ tanenndwectirsedimpdifiar;dndat i on of one or nore

time intervals of said second plurality of tine

intervals to far third pluralit f.extended tine . )
| nt or PapRctng s fisher cirreng af o putppt pEpisTnRgnductance amplifier, said
E2fdcShARER Y %Pﬁﬁ&f hAirgSS trdlsfef FulRABAED Bat Said PR current is
cell, said resistance value corresponding to a

fumgticwlly s¢lated tofaid fuxtherevobmge.cel | ; periodical ly

i ncrenenting said counter during said first plurality

of time intervals and periodically decrenenting said

counter during both said second and third of 7

P1.ur aA infetSsd of 'scnii.hg‘i sta?{ 6f ¥ ﬁ":ﬁlo?f c@Pas!RARLA Bfdaifh D€ Rurther
change in said count value over tine; and relating

ecamprisimg: change in said count value over tinme to said

| ogi cal state of said nenory cell. 7. A method of
sensing.a state of, a nenory cel), as-defiped in claim6 ,
wher GOREEURE S FesifEe Siempttof saihprmoRecel] 1 pxPlypgdvder circus
S v dﬁide%c&ahbﬁ%-eé | e of a menory

cell a cdefi ned 1n cla ?n‘%g%dg?%ﬁéé%&d periodically

i ncrementing said counter conprises: increnenting said

countapplytngestandard gokeageracrosseaid moleagealividér Gminit shch giat said common
lurali,ty aof . tinme interyals. 9, A nethod,of sepsing a

Sdr Ghid s ursher volinge mated fa MidirosiTaRre YA GOkt Beory cell

said periodically decrenenting said counter

conprises: decrenenting said counter one or nore tines

during each tinme interval of said second and third ,

12.ur A imtethed off sendimg a isatecofvamemotPcellas defihatiinoflaire6 siharin said

a state,of a menory cell as defined in claim6 wherein

memopLecl comprises an 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.

19




suppl enenti ng said charging and di schargi ng current
wth a further current conprises: 18 30 June 2006
receiving a further voltage related to said resistance

val ue of said resistive clenent at an input of 20 Tune 2006
ran n tance anmplifier: and ut el ng.sal d e LY,
19,7 oR ERREAF DEfRSng et o incAey S 8 o5nd 18 Rt f e sie

pcHBidaflly Bécrehdhiing §4id@ BSERBANSARP GR REPA bluedlith 8f iR idtcrvals
transfer function such that said further current is,
coimprises dera¢rhonting ssich dounserseriectotnt inceymeng| dugigg, caght of said second

oFES S SEE5H R 2 e 5 oGRS g
of &l thirll \hurali§ B HmOIne&hldl menory cell in a vol tage
d

Ivider circuit, sald voltage divider circuit having
a common node; and applying a standard voltage across
said voltage divider circuit such that said comon

ode, exhi bjts said further volta related.to sai
1§les s Riithedl oEseRing o st G haveiay Gl = Octoed i fat s forsper
Co\?\,kg?}g a state of a nmenory cell as defined in claim6
erein said nenory cell conprises an MRAM nenory
cell. 13. A nmethod of sensing a state of a nenory cell
as didteringd Hoiseaiomipnngnibet af spidduither qupspitenent i ng sai d
chargi ng and discharging currents with a further
current conprises flowng said further current onto a
conmon pl ate of said capacitor wth said charging and

1Ai s Q’bﬁfcﬂ’idlﬂoﬂé&iﬁ? LSt eePeR hatRbdy-cell 4s dEineR iRQhi{6 wherein said
sensing a state of a nenory cell "as defined in claim®6

firstremdeiccomsbplitraligies oHuine dhtervalsaee immereavedysuchithatoeagh tigre interval of

sa@gqr.l:bql nr@gégl{:yd? in Et {v%gsl é)ilggg Htawggpl i Itc&tg E}rz\éaml Dective one time interval

of! sﬂﬂrseé'fﬁil?f plgl-lé%ihpaf GAE inrefvaB 2l dakh Simdinkrddl df ¥ai@lsedon@lurality of

intervals.
time intervals is followed immediatcly by a respective one time interval of said first plurality

of dme 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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30 June 2006 15. A nethod of sensing a state of a

menory cell as defined in claim6 wherein said

periodically decrenenting said counter during said

second plurality of tinme intervals conprises ‘
decrenenting said counter one count increnment duﬁpﬁﬁwzo?s
~each Mjuﬁﬁk%%aﬂ%ﬁi#{aﬁhbWW&fdM iinl'® rdspéctive @né ofld plurality of
decrenmenti ng said coudnter two count increnents during

edjostingoévesta) whertverhnpnstmanequsyalue jofsaid gsdljapagsignabexcpeds a

thod of sensing a state.of a nmenor el ] .as.defined.. :
R TERGH YA 3 ArFEAbRsve ok Sreagrenry pos o i pIOFREG! Piiinions of said
gaﬂnggagacg aof said further current. 17. A nethod of

ensing a state of the nmenory cell as defined in claim

6 wherein said first and second pluralities of tine

i nt er ¢ainsingistidiadjvering excots durintg a paaticwarctime intervakrogproduce an event
of said first plurality of tine intervals is followed

FoHN¥ oMt el y by a respective one tine interval of said
second plurality of time intervals, and each tine

i nt er epdrin@fsaifahEntSBaANE Rld¥ditat Yandf thedebito $4id edsiétinde of said

is followed i mediately by a réespective one tine ‘
rasisevevelbmeiit. sai d first plurality of tine intervals.

18. A nethod of sensing a resistance of a resistive

menory cell conprising: flowng a current through a
resistive elenent of a resistive nenory cell to.

produce a voltage related to a resistance of said

1951 SAIN&hEd 8 Ridking A 18gie VR OF @ fesBAVP IR thoPp LR @did editiod
resistive elenent and a sensing circuit; producing an
ommoptisieg:i ng signal with said sensing circuit, said
oscillating signal having a plurality of signa

m nima_and a neral |y, i.ncreasing trend a ' [P

i nianaRe & P e P arith el GoBRE skt Sy pEo SliHducing a
&Xﬁ&iﬂﬁ%h@ﬁﬁﬂé@ oRtguf DPEE hinpRAG Wk sAidihedsatenicht ?Eriod;
transitions of a “periodic clock signal, a nmagnitude

of said generally increasing trend being related to a
magni csingsaid resaitiog\cotrentfiow %[)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 instantancous voltage value on said capacitor;

up and down counting a counter value in response to said instantancous 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 mcthod 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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30 June 2006 adjusting said oscillating signal
downwardly, in a respective one of a plurality of

adj usting events, whenever an instantaneous val ue of
said oscillating signal exceeds a reference val ljgh?nteZOOG

a resgective time of a respective one of said | )
pl ursPeatsAly incrementing ansdesremcntag aronng of said digitel counter according

o RPN o Rl ) S M Vet P iy sy increment

andndbctothaiticoghmidl isivedin reRtBh to Q résitshdc D ssig esistiv€ memory cell;
thereby to said resistance of said resistive el enent.
oS PHRRG 3 AfFrepch PERbAsn KBRS #6 2 H5pg FASE af ad count taken
atY@gE@&Efﬁ&ﬁﬂs@c ﬁmgyrahgg a measurenment period and
producing a resulting’current flow output of an
anplifier during said nmeasurenent period; . using said
r es urtlating said diffarénck| ovd 4 dumdohibeatdcnrsaid firkt and second times, to said
auxiliary current flow to repeatedly charge and
logie éﬁ&?ﬁﬁsﬁgﬁﬁ%?‘ﬁp‘%ﬁqﬂg sai d measurenent -peri od,
said auxiliary current flow controlled in relation to
an i nstantaneous vol tage val ue on said capacitor; up
and down counting a counter value in response to said
i nst ant aneous vol tage on said capacitor being above
2lor Hemsthaosl offacasing h dondiativg etatet ofza yeksistivd mtyogf cell comprising:
sanpling tinmes during said neasurenent period; and

det L.QiAg. a resi.stance, val ue .of said nmenory cell. '

pas S Biegetshlipe ARd HetiBnithofy a Figky TGFRIct e in response o o
volFRESHFoINEY bP S cliRéht paSsind tHIBLAP hi® RO RN, sich Atk 8 Fhlue of said

state of a resistive menpbry cell conpriSing: providing
couny, gakentak @ particular yinae is fonnd within o diret reogmoferounomilusiindicating a
ﬁ:%:crgﬁag%ti\r&g%h? 8? ga&@%ﬁf or v%u%raos»lcchlx galrjllgﬁ: o gg&tev%lutcg in%icadng 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 sccond 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 scnsing a logic state of an MRAM cell comprising:
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30 June 2006 repeatedly increnenting and decrenenting

a count of said digital counter according to

respective increnent and decrenment conmmands of said
control circuit, said increnent and decrenent

comands i ssued in relation to a resistance of saf gune2006

r esi L ng a difference between
a fi???“3§¥fgggﬁﬁ céﬁ%ﬁ%gﬁggﬁﬁe of said count taken
at respective first and second tines; and relating

sai d ptpdecing acurrentmdpresehtingtshidrfirgearoliegs said first and
second tinmes, to said |logical state of said resistive

MEMDT; Xre! aluln s&il %ﬁ%@hékﬁgrd&f%agﬁ]?&&gn&%ﬁg _&Qr\é%t duration to

state oF a resis conpri si ng:

profead LAltsy inkdpaiRARBIthgOsigatl decrenmenting a digital
counter count in response to a voltage produced by a

current passing through said nenory cell, such that a
val udntSsrasing gai pt dewpwardlytpast i refcremos voftagg.ovey § second

A B b3l pdoBl i BRAEoaRREal? P T 17

second range of count values indicating a second
conductummaladigh @oht Beindrearbting d2ouAtcrdutingl said fisse daratign and
a conductive state of a resistive nenory cell as
SreTamraing said) coupser gurigg spidiserops dIrtienst * and second
conductive states of said cell represent respective

g S 9438 0l 0 s

peoiodiiaid ve state of a resistive nenory cell as defined
in claim 21 wherein said repeatedly increnenting and

decrenenting said digital counter conprises. countin )
t r andFiafag a value of sud copnter #&féwmémgﬁgqt?mza@f g AR T  logic scate
ggg i gﬁggl ic state of an MRAM cel |l conprising: 22
§&ﬂe 6§gapplying a first voltage across said
cell; producing a current representing said first
vol t age;

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;

¢) repcating steps a-d over time;
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integrating said current upwardly past a reference
vol tage over a first duration to produce a first
integrated voltage signal; integrating said current

wnwar dl idreferen vol ver n
downwar dl y past said reference voltage ove aseg(?]u%ezo%

s mees 8 second Lo caateg oo Tl

' ' i i : i i . :

w408 9 8 03 CARA ff vce ane nc
a

saidnfoaghataliage anctedcs fifth refeiene: vaaget i ons over
predeterm ned tine period; and relating a val ue of

sai d.cqunter, after said predeterm ned ti eriod to a
ogi®) Sichasgingsaid capacisrprpd adihstingzs countof p Slity counter; dnd
sensing a logic state of an MRAM cel |l conprising: a)

applpyi Agpedeifg Ereps AplvePEmacin@ss said cell; Db)
anpli'fying said first voltage to produce a first
current correspondi ng to said first voltage; c)

i nt dyrelating ayalug ofiszid cownrrat @npeagwring timsdeistidrlogk stateof said
3% current upwardly over a first duration to
h%?@@ %‘a second upward vol tage change on said
capacitor; d) integrating said first current on said
capacitor wwth a third current dowmwardly over a
second duration to produce a third dowward vol tage
change on said capacitor;_ e) repeating steps a-d over
26 i més methashasydefincd awelaim 25 ceWPEIFAGI ng a fourth vol t age
on said capacitor by storing a difference between

owntartr PR AR SBE RIS ffnld ?‘?%un .
g

vol tage exceeds a fifth reference voltage;
di scharging said capacitor and adjusting a count of a

di gital counter; and ]
27. g A method as gcfim:c{il in claim 25 wherein said second current comprises:

a positive current produced by 2 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 second 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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h) repeating steps a-g over tine; and i) relating a

val ue of said count at a neasuring tinme to said |ogic
state of said MRAMcell. 26. A nmethod as defined in
claim25 conprising: presetting a count val ue of i d
digital counter to an initial value. 27. A net hoa8i‘§1°2006

def i ngdlarilk £ kihRAIRSLRIIbF$Ad BnteRRgeE o Value at a late end of
conprises:. a positive current produced by a current

sgid tines idtarval go said solagestcragssaid MRAMARIL, whersbyadogieal state of said
Lned j.n claim25 wherein said third current

M% S SePSHEgati ve current produced by a current

source during said second duration. 29. A nethod of

sensing a |l ogical state of an MRAM cel |l conpri sing:

flow ng a current through said MRAM cell to produce a

B0l t ade chctrosic signabaddprdd for uednerasuring & egststapet phyeesistive memory

[ rurgoa time-varying digital count value, said

FHHERRPSREg  digital count val ue having a

ti me-averaged val ue varying over a tine interval; and

24 30, perisic VORagesBiral bitflladRg boSiean b AR Pleralig! dfSoRige maxima and a

said tinme-averaged count value at a late end of said

staosdiphirelity aif voltageaminime) saiddfirstand sceonskpliralmeschrenelogically

whereby, a.|ogical ,state of said Mcell is,sensed.

YNGRt ibeahs Aheti chach Maamed dod GRRREmIqf sHd EBEFYg Brst and
[ in@ alvoRksd | : ry cell conprising: a

g%‘??gé’?‘%: voE thgglggs?i gna?“gégﬂ | ating between a first

plurality of voltage maxima and a second plurality of

vol t agehmininram ofsaid skcomstt plembitysefvoltagqininiziaistpasated from a

CHrREL S5 S L L ERYCT L 208 P19 0 B3 vl
SR5OBMe el I hAHAAMLAT P Rh¢ ARRVAPERhE Y tantially equal to a first

time duration;

each maximum of said first plurality of voltage maxima separated from 2 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 cach
substantally 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, cach 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 onc 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 m nimum of said second plurality of voltage

m nima separated froma respective |ater adjacent

maxi mum by a respective one of a first plurality of

time intervals, each time interval of said f|rs = 2006

plurality o als b substa al | %T%P
Ptk e st LEL Rl Dok, SUP S 20 A ST e
cldbheHtf sdidl MRAWD i 386ry WBIX hiRa BRP Bﬁ%ﬁ Qohpledd said first node;

respective |later adjacent mninum by a respective one

of a second plurallty of time intervals, said second

pl uRgRpacitophavinga firstipdate adupléchtd saifl firgt aodhandia second plate coupled

time interyals each substantially equal
totaéﬂatsgg‘é%r?gicf’fl%mcﬁﬁtﬁtﬁ in and a fourth plurality of
time intervals each substantially equal to a third

ti ma cAHeat soutee Btk 4 §Hc6ﬂd Bufpat h@@plh&’?&@iid ‘Emtrloaé“sﬂld current

second duration, each tine interval of said fourth
SOWICE Paapitc?!/ toplternarelyl soueeaisisnki armireegic n@ sad firstmodh dtrouah said second

sald Si naI exceeds r ference a val ue. at
ool KR, i Rl R e B o A SoRRIEE K4 i Second node
digtad ciirdckive aQbnttol 88RE Tl LRESPha e Rl SRt
y ﬂlntrst |rol uralal t{/l 8 §1€% taéé)gm%am nah&%i A sené‘?rﬁ%‘&%gmummg '
or sinkingicurrfcot asepatinglantimesi stive state of an MRAM
menory cell conpri sing: a first node and a second

i 00 B RER FULHL 8, it e
co@él@d"&f‘i séiirce 3F 4 rdfBANE dféﬂalcﬁld ﬁﬂﬁitl'lamiaha qu) Msourcc of a

coupled to said first a capaci tor
firsp clock sigoalp bad companiat dicuit havinga third oaqa&mng}lcﬁltatsad sccond
go%l ed to a first source of constant potential; a
gnt source having a second out put coupled to said
first node, said current source adapted to

al t geoiet Yiraf &g fifth M@ cBﬁélE& 5 s$i@ ing’g{:,ija{ stkeh input coupled

node t hrough said second “outp rmna
to g sourenof & senood clmkls@ah asorhtivinpue conpied tEo squireelof Dpreset signal,

ai.d second n adapted to.receive a control signal
a’@’l’) PREYEL; aﬁ@?%é@ AUtPUE A digital, countvalliSyr ce i s

sour ci ng

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 corrent sourced by said current source and said current sunk by said

current source are of substantially equal magnitude
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or sinking current at a particular tinme; a conparator
circuit having a second i nput coupled to said first
node, a third input coupled to a source of a
reference potential, and a fourth input coupled t8
source of a first clock S|gnal sai d conpar at or 30 June 2006

8! CUASclfhg Qftut fHNchlinB Y Dl VE QR St ROV &REA R as defined in
node; "and counter cCir UIt avi ng fifth input

eleainp 3 dviicreis sdid fitst aad sevod clozk Signals arcrrputof(pdua;d with ohoanother.

a source of a second dock signal, a seventh i nput

coupled to a source of a preset signal,' and a fourth

out put adapted to output a digital count value. 32. A

RN S| RQ::&H)gcéﬂchftfof scg;ﬁﬁgne idtive Stat LS 2h W@n%o@%u as defined in

a| m 31 further
£lRit B1 wWhiaekin Baid fies agd Bicbﬂdtcldtk lssgnnls hiveevdiffgrent ficgtdncies.
out put coupled to said first node for establishing a
preset voltage across said capacitor. 33. A sensing
circuit for sensing a resistive state of an MRAM
ggmor X s&%l.rl Hﬂ%} &ﬁ% rcﬁ:l;tﬁ' RartLof U lgﬂory cell as defined in
cur rent ced by s curren source and sal
€lblif enmmﬂ s s@Rhth input 6f¥ald counkdreiranie issddapted to receive a preset
substantially equal na nltude 26 30 June 2006 34. A
smumgm@pnc\uhqrcmmn frudh eutputefsaid cOUBTEL GO agfpmes a particular

V@ﬁ ry cell as defined in claim31l wherein said

d second clock signals are out of phase with

one another. 35. A sensing circuit for sensing a
resi stive state of an VMRAM mermry cell as defined in ,
37 ah serinpwhiesnisifor sasxug firesstive skd @@rMBndmcrgpgmU@s defined in

RS A R Bt OGRS e SRR o s b Yurpue cumen
gtesfaid‘ﬁgtb uf sl eARreRt chﬁ%'ﬁﬁ-;cﬁ%ﬁﬂl}l mdtewwup Fut voltage

sai d counter circuit is adapted to recéive a prese
sppdied lat saidi fisst frippmn, wher eupon said fourth out put of
said counter circuit assunes a particular count
value. 37. A sensing circuit for sensing a resistive
state of an MRAM nenory cell as defined in

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 sccond 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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claim 31 wherein said transconductance anplifier is
adapted to produce an output current at said first
out put, said output current being functionally rel ated

to an input voltage applied at said first input i8é2006

TR s B ey B SRR P R emory e,

. saig(ﬂﬂ{t%ltagydﬁﬁgg raa{chrtég fediffEnce rbtf?.{la M siste xﬂc?n&g cell; and

i schar a second current froma second cCurrent
source during a second tinme interval, said first and .
seceardunter adayitsd haircrgnentkspant outphy thesepfah relaten toridifferential
and osite,di.rection wiith respect to said capacitor;
duza Gals and secon time %d to output a third
current to said capacitor during said first and
second tinme intervals, said third current adding to
said first current, said third current subtracting
fromsaid second current, said third current having, a L
3%magdi mamery edlscnsprias dgfined iptclajm) 3whersingid resismara@ipaid resistive

at a fjrst input, of i d transconduct anc mplifier,

mdher§ ol r&resehie lofcaf GaF LT RPRERART e’ ne er va
respectively related in duration to said nagnitude of
said third current; 27 30 June 2006 a resistance
network adapted to apply said first voltage across a
resistive menory cell, ,said first voltage being

40r | AemEE eell seBSOLICOMPIISER: sai d resistive nenory cell;
and a counter adapted to increnent a count output

he . . . _ e . p p
bet %gsg%nggclégﬁ#ii rst%%%c%gg%%ﬁtl rreh?‘hxt,%%g S. :@Sr)sta% secon
inpuesiaxid/ respdctive éirst and ascomdf ounmits, saiddfirsi onpat vdrarceted toaaid second

. resistance of said resistive nenory cell represents.a
mn%gqaxfaﬁrssmpéaéwts%ﬂa be eaupied w2 s 9f 2uolrage signalysaid voltage
. | . se i SLhag ] second
. rar?r# coh (?Pa%{:&’?%ln%?ﬁcfﬁgﬁé‘ asiﬁéﬁélggg%’ctive first

and second inputs and respective first and second .

out fitst and scofldidapaditonshgvitig respuatied At nd sebad sigasnerminals 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
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input, said first input adapted to be coupled to a
source of a voltage signal, said voltage signa
depending on a logical state of a resistive nmenory

cell; first and second capacitors having respective

first and second signal terminals and respectiveVJune2006
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bdid shrromgoartce] fdfouath Geteat 60pue cogpled tdaaid hifse{ighal tdrutinal and said

and said second signal term nal coupled to said
&b sHEcpUOYRLE couplad toswis second sgnab terminal nigidecurrsint gource adapted to

r e input.coupled t.g.a sqource of a reference, .
o FABR 5ol e R o8 i B8 i PP 8 SRRERERY i response to o
Sighdl ¥eceived fat Edid) eIBAAKsipA Wipurdapt ed to Dbe coupled to a
source of a first dock signal, and a third threshold
out put; 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
t pug, I j [ Qi .
Aot Ay 2o st bdtthed s R4 TopFRHdRHEGHE devecror further
yéthpiises:and a current source having an ei ghth signal
i nput connected to said third threshold output and

fourth and fifth current outputs adapted to output I
r es pettixthghroshald qutputs wherein sagd durdsthsesholslomtput s deppted as an “UP

' ' . ngd current LN« hie .
588 b S D04, SRR SHBAETLE OB 0 FRARRY . Fous, sid s o
béihig e6upleditsla hitith idput of k88 ingdt put coupled to said
first signal termnal and said fifth current output
coupled to said second signal termnal, said current
source adapted to controllably reverse said senses of
said first and second currents respectively in
Spo . Cved . bt b
$22 O BiEph by Rell ot JeRREY il 40 Al B0 PruBlsiPlcrocror
wdisprises ars anmddog bompiratad citediect or further conprises: a
sixth threshold output, wherein said third-threshold
output is denoted as an "UP" output and said sixth
threshold output is denoted as a "DOANN' output, said

Xty Ssig 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

sccond 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 sccond current from an output current of said second transconductance amplifier at said
second output and, during a second time interval, subﬁmct a third current from said oufput
current of said first transconductance amplifier at said first output while adding a fourth

current to said output current of said second wansconductance amplifier at said second

output;
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bei ng coupled to a ninth input of said tinmer. 42. A

menory cell sensor as defined in claim40 wherein said

threshol d detector conprises an anal og conpar at or

circuit. 43. A sensing circuit for sensing a | ogi g?l

state of .an M cell conprjsing:.a fiyst 30 June 2006
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first output coupled to a second input of a second
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current fromsaid output current of said first
t r ansountwrcirawic couplpd td said carttred aircuit adaptedud changohipraset count in

adding a,fourth current to.said output .current qf sai
relapon, 1 sd seRRECHYS Gukasians °§Pﬁ¢$ Arst and sgcoad: e BReES 1O Shoduce a
. o(#'xl? £ : imﬁhg second capacitors
cogigtﬁ’ag%d tgogs%gll |?t§£tg%gr%lﬁsecon E!%hu't puts respectively;

a control circuit coupled to said current source
adapted to control said first and second currents and

said respective addjti.on and subtraction thereof ,so as.,

4470 % 4c5ABE Srou et delined i Bn 43 WhERB ARl Gifew Sompriscs:
said first and second tirre_int_ervals inrelation to
sai as‘mrg' R Giftput
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relatjopn to sai, L.
periadic slacknignal, s CRIPRIAEPLhAVINEANRHIPET coupled it 2t BPYE @ffaid counter
cirb@e.sai d logical state of said MRAMcell. 44. A sensing

circuit as defined in claim43, wherein said contro

circuit conprises: a clocked conparator having a third

i nput coupled to said second output, a fourth

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

0

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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I nput coupled to a source of a reference voltage and a

cl ock input coupled to a source of a periodic clock

signal, said conparator having an output coupled to an

i nput of said counter <circuit. 45 A sensing circuit

as defined in claimd44, wherein said anal og conpé?ﬁFﬁme
£ONPIA §@8ind cirdhit DS HeMEH R ElafrP 48 haRrdi® sad fikkt b@te b Ediistant

of said colnter circuit, and wherein said counter

mitervial §s adepredite espply @ MiuE& pdreotalnand saichscecond sourcoefconstant

i nput .coupl ed to sour.ce of a periodic clock signal.
ppgental ?sﬁ&ﬁg@ew@m@a ~defined in claim43 f rther
conprising: a voltage divider circuit having a

resi stance of said MRAM cell coupled between a first
source of constant potential and a neasurenent node )
4nd A Semsingeircuit g§ defineddn claimp#a avhernin vaid fAirst ransconductance amplifier

surenent node apd.a second source of comnstant. . . .
35 BAICve Bo sl I 55000 TATONCEHUF AGPURFE Gibisy negative gain.
defined in claim46 wherein said first source of
constant potential is adapted to supply a VCC
potential, and said second source of constant .
450t et scasingeiricnie as defired um dlajpo #8 wticadin s cumentesouraggomprises:
circuit as defined in claim43 wherein said first
transcqgggct%nce amplifier .exhibits a positive gain,
and 2R BRUE S RATEPLIRMETRFSARE anpl i fier exhibits a
negative gain. 49. A sensing circuit as defined in :
cl ai @ﬁ@rmﬁ%ﬁw&cﬁﬁﬂ evidés RIApred QY iR ctGRIINAir S G&bndf’:lt_hird, and fourth
plurality of current source circuits; and a plurality

cgfregtsi t chi ng devi ces adapted to direct said first,
second, third, and fourth currents. 50. A digital

oLess] system conprising: a central processing
%l‘%%ﬁgs PESYHERTPBIBME ¢, said menory nodul e
i ncluding an MRAM devi ce having a sensing circuit
i ncl WieRral 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

clement 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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a first node and a second node; a transconductance
anplifier having a first input coupled to one end of a
resistive elenment of said MRAM nenory cell and a
first output coupled to said first node; a capacjtor
having a first plate coupled to said first naode gﬁﬁmgzqm-
sec ArfOmastter sigenit kaying vsesond input seupled to said §rstmgdt, a third input
, ial . rrent source. havin '
RBIAE %ourd i ot BlraReL 3G M Pl REARERBHERY  source ofs
firtckidpdkesilprial, saidt @IniRkAbY cifiif BRinY a glifkoitpatitdupidd to0said second
said first node through said second output term nal,
nogds; apdurrent source having a control term nal coupled
to said second node adapted to receive a contro

si g Qaéoui'l&rr T hgwlrxlx% th{xlte{ou%ﬂdjto?s#ﬁ;%?{a? c?:ll;' %g;&ﬂg%put coupled

sourcing - or sinking curre at -a pa

toAGodriR&FAGREorRI El6CRIAER Of scverith Lih;ﬁutfb%‘ti'ﬁk@ 13 a$00RMbS a preset signal,
i nput coupled to said first node, a third input
afonel qusput asspredaostutputradigitdrosnpwalent i al , and a
fourth input coupled to a source of a first clock
signal, said conparator circuit having a third out put
coupled to said second node; and a counter circuit
having a fifth input coupled to said first node, a

~sixth input coupled to a source of a second dock
signal, a seventh input coupled to a source of a
preset signal, and a fourth output adapted to out put
a digital count value. 32
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