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[0001] The invention relates to a nmethod and appar at us

for sensing the resistance of a variable resista
menory el ement. BACKGROUND OF THE | NVENTI oﬁ°fc"6‘§‘§)°z{m°°5-°7"s/l’7°8

S SO AR, TR PR SIS TERTMEORY g

the other. Variable resistance nmenories differ from

DRAMs in that th@ELEPOISEHE ENWENTIOMKRI ue as a
resi stance of a resistive nmenory elenent rather than

as a charge on a capacitor. The resistance-val ue
r ept@@@hl s Ehoiavention selatios traa yethad and eppiragisdot &nsong the
. logic "1". Variable resistance nenories are

rcsmanﬁ‘c’)%’f@cYPﬂfl?lFé‘?“%cem?‘ﬁ‘é’ry elsPeBlt or structures enpl oyed

in DRAMs are volatile. When sensing the resistance

val e of a VBACRUROIUASDSORFRETRIVENHRNCe, 1t 15

possible to conpare the resistance of a nenory cell

undergoi ng a read operation with resistance of a

ref OGOZE O@rlableoregietaacdeenddplevicessitbiabmanyvadta@s 8o different
. the cell bei.ng read and thus its logic state. However,
resistanice valnes, aaedtigherethaathe other d Masigblevresistanceameniaries differ from

r ells wthin.an array uses the sane defective
DRAM 36 Shaf 1BV repsfient a biasn /7P 26 SFEHMARSE Qhanioryteomemory cloment
rather thah las BRUE RIIPNEPIRibESTHE Waﬂc%%ld&%pelsﬁxts 394 binary

specializéed circuitry is required to set the

value of Rgjist@hoelogit tid” oVasiablefresigit® @emoriea Bt Bon-S6RER, where the

amplifier circuit for such an arrangenent tends to be
capaciteioyipraures smplayagein PBASS aal volptile e ﬁg’hnxg sgsingde rkesistance value
ofavar\é??rli ab{se resi stanc menor.y deéilces typically _ have af

FGFEISHNER FEBP VT EHS PESSHRIS o Fempate B resisiance of a memory
. . o : | .

cl QRIS AP EERGE eRI E e

resistande valuepédhe cdlbbtingsefm OHRIsDEAN sere S Hgvévee TN O@Yerence cell
t hus benefits fromtechnol ogical maturit an

is defecgive pad arolunn off mematyaeells within e arrey useitbe siwe alefdctive seference
i.rable for. the rea?1 g‘gﬁi wite circui.t of
&

d .
cell, the e Ol TD (i MFORESFls Bl PV rrapeys FTistpncesrepdios ol
additioh Ospebiaffe Obir&ttry id RYuIPBA sEERR1¥%id5Yd AR of a reference cell, and a

sense amplifier circuit for such an arrangement tends to be complex and large.

[0003] Also, sensing schemes for variable resistance memory devices typically
have a unique architecture which is different from that employed in typical DRAM circuits.
Large volumes of DRAMs are produced and DRAM sensing technology is well developed.
Devices employing DRAM sensing technology, thus benefits from technological maturity
and efficiencies of manufacturing scales. Therefore, it is desirable for the read and write

circuit of resistance memory devices to be as similar as possible to those of existing DRAM

memory devices.
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MAUGb. U US/ PYAJS BRI EF SUMVARY OF THE | NVENTI ON [ 0004]
wOote4/pe2szent i nvention provi des a sense anpli frErU$004/014391

sensing the resistance state of a variable resistance

nmenory cell. The sense an‘pl ifier is J 0i ned gotket R&: M4aU65.U708/ P708

menory cell via first and second colum |ines. The

col um | i nesBRIEF SUMMARY-OF X HEANVENEIGNan

el ectrical potential therebetween. Thereafter, the

el ectric potential between the colum lines is

di sER@P4Ed The presentiingensioscprovisies asensstamplifiar for sensing the

e D R, T e bbb o
mcmoxJ?r'hc@H Sia firSe S4H becofli ToRANS ‘ﬁnb%l 'gﬁE eoMmE fned 4le %%t;prepc%arged to

e resistance of the varia resi stance ne

have arcelettricflpatentdlithebeiveseharTiededfter pti@helectrie potantze bbtwern the
a lowresistance state will discharge nore quickly

column; gt ie disghargrd beallamineleesig cumentigh flavribnongh th Yariahle
sy o 0L B e AR el P8R ol tnes
to mllytdif@xa.g%’ig *El‘étéﬁﬁ’ﬁ&ilj, ﬁn_galﬁ', BY BYEFesithilh %E itlgchmicy réSitance memory

conne g the colu ines Is In a -resi stance
cell. Colurhnlineedisdiageattiabagk a Mot} sdhiarglvwstaiseanet staie will
) colum lines is sensed after a tine interval . .
discharge, morgjquigkly than qalymailinep disghargpd thiovghra memaqspcethin ahigh-

esisarfENRETRRATR, 1) A8l ! Ry b TR BRE R o RIREY sensing
time m8y 86 kéhsedlto RRLEWREhBLY Y&?é?ﬁ‘ox?@cﬂ Wnht Y DiRndines is in a
hi gh-resi stance nenory cell. If, at the sehsing tine,

high-resisanceo butowresiesncrseatat Térrudischatgecdtatead|thp ebkinin dhes is sensed
t.hen the resistance nenory cell connecting the colum

] or Y . :
after a yipycagtereal gRBigenE 6o Hally dishargmthecdlecstisal potential detween eglumn

. ing. . tine. the c m. | i pes are.not .at equal .
ines 07 Ty heFimeindy £l BER e R ol i 60, et B lecerica
i6PBEteeth RBIUMS liRe] tHBukh A%dal-2 L. i
pOtcrmhi gh-resi stance st at el.lé[ OOO%] ?S% ré?r%lggﬁ %régln?{f’ 2tlﬁwt(lem sensing
time, theoslemanipdsfarent eqmp eieseabpp@ntialo thar desesicaned admory cell
Lraggistors gg a first conductivity, a pair of o
connecgipgde cplusnp fines is kapwndgpdesn mloserssktance skteiclf o the seasing

e, o4 SRR B P Bl POt PR ebGifoc memory cel
connecEQBAHE LoNinktY IEOUR kBEwhQ oAb SRCPRZhSRRSEntd fGte. The pai r

of cross-

[0005] In one embodiment, the sense amplifier comprises a pair of cross-
coupled transistors of a first conductivity, a pair of cross—coupled transistors of a second
conductivity, a transistor of the first conductivity coupled to a first sense line, and a
transistor of the second conductivity coupled to a second sense line. The pair of cross-
coupled transistors of the first conductivity are fabricated to differ from each other so that
an offset voltage exists between them. In operation, column lines are precharged to
produce a predetermined voltage differential between them, and then a selected memory

cell is enabled to shunt the column lines with the resistance of the cell. The sense amplifier



coupl ed transistors of the first conductivity are
fabricated to differ fromeach other so that an
wmidog/ee25vol t age exi sts between them | n oper atP@NUS2004/014391
colum lines are precharged to produce a
predeterm ned voltage differential betweenpbdeMo.: ddos.v/us,r/us
then a selected nenory cell is enabled to shunt the
is opera¢€d M ptddeesmithédpédied bEG %! diee ehOEolubth Ldslare Eﬁﬁ%ed and senses
sense anplifier 2 WD 2004/102577 PCT/ US2004/ 01439
whethepdgiinesNi@ve eguilibsited onBoE/hasgl pg the eesistanteaf the cell.
predeterm ned period of tinme after the columm |ines
are | dged and ,senses ,.whether,. the |ineg have o
o s IA4Er dn SBP G el Chorimote L PRt 855 smplifier includes
: [ n: e [ t
@ pair offics oo I rals P LIS ird ¥ R AVl PP iseor i fir
conductiviep sogplodhed firsmasshimy.s of a first conductivity, and
a transistor of the first conductivity coupled to a
first sense line. [0007] A method of operating the
var (M7 r dsmsthodef opsratiys she variable resisencp memeigdrray is also
RI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] These and
her aspects of the invention will be nore clearly
understood fromthe follow ng detailed description
which IS PEHIMIEISAESCIAPHIIGIORTHE IRAWINGS
acconmpanyi ng draw ngs. [0009] Fig. 1 shows an
exenpl ary enbodi nent of the invention; [0010] Fig. 2
shol@0@8je tIhesaandbtlidrasparuest the invtuntiongwil isemsrd gearly
oper ation; [OQll] Fig. 3A shows an exenp[%%g.cirquit_ _
understged dremthe fo qvn@gidm'%did@ﬁcrmrwghlcbeﬁ providest ingcongumatipn with
| owresi stance state; [0012] Fig. 3B shows

cell i.n
thcacagﬁp%QQH%%EP?ngﬁrcuit according to the invention during
sensing of a nenory cell in a high-resistance state;

[ O0fgi097 9 Figh BEHAR ANl SR Bméne BP AL IR ridH;

t he iné@ntig%; and [001§ﬁ;%?g. 5 shoas t he ?ﬁveﬁ?&on

enpl oyed within a processor circuit. DETAILED

DEJ@RIAN ONigR2 shdhwsl N EMIingNf the invention during a sensing operation;

providc

[0011] Fig. 3A shows an exemplary circuit according to the invention during

sensing of a memory cell in a low-resistance state;

[0012] Fig. 3B shows an exemplary circuit according to the invention during

sensing of a memory cell in a high-resistance state;
[0013] Fig. 4 shows another exemplary embodiment of the invention; and

[0014] Fig. 5 shows the invention employed within a processor circuit.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Fig. 1 shows a portion of a memory array 100 constructed in

accordance with a first exemplary embodiment of the invention, wherein a pair of
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[0015] Fig. 1 shows a portion of a nenory array 100
constructed in accordance with a first exenplary

wembodi2zaent of the invention, wherein a pair GfCT/GS20/014391
2004/ 102577 PCT/ US2004/ 014391 Docket No.:

MA065. 0708/ P708 exenpl ary vari abl e resi st aggg BI™LYos5.0708 /708
cells 110 and 120 are connected between col urrﬁ {ni)nes ’ /

e 3 AR B A AT cotun

lines 1307014i0F. | &h uhbhlahasd kb ampRiehbPHO & alsocbafeciddchaneen column lines
ortion. The P-channel portion has transistors 102,
130, 14@4 Thgsensecenplificd 159 hos otk adtichanng! md andd-chameel poggon. The
The N-.channel porti has, tr [stors 108, 112 and .
P-changel{paring 148 CRBNRACt L2+ E0 i [USGADE I FRIRHeERst tash Pesgpse line
i riy I .
160 TR pr O raaooF, 98, 100 R £ s SR o an N
sense lihbd 7ParSeiccubansisindi Y6 and 1128%6lect e patibalasesiasth to be sensed.
[0016], Prior_to_the sense operation, the colum |ine

Enabling trap@siorsel 34 et ha# gelact the paptirular memosy setbll £0, 14} taebe sensed.
the columm line 130 can be pre-charged to 600 nV, for

exa Aggor di ngl a differential, volta hS
oot 10 el e Rl Sens? o ahd Gt T bRO T4 Epp pe precharged
to 820 3V E6: &a%&e;ﬁ&,l While Eﬁeeco%&hqn@rmﬂ,cﬁpwg&-kw &d ikf@oo , for
are shunted together by the resistance of sel ecte
examplae fwcyrdingly, a Biffdrargiad vohagmis epabhshedrbdtive s colopar limest140, 130.
. to prevent an accidental wite to sel ected nenory
Duringeesense oferagpay st pracdpegad: e@lumpnilinesn d 30; A40 gpsghunted together by
clrcunptances the differential voltage across. sel ected
the resiaey §F 8 Kl ed permarysells Lt sich fridBerdign ioisgmpgrtant to
prevend 4PdctldeMRal SN ol sBlebted: mémolyEellsWer & ?H&@Ht 1dfBtal writing, in

adj oi ning the resistance 11 are inftially precharge

most citaurast22des mhe diffdrentabooltig: 8203 selebtedimuemorisélBdgl 110h@ 20 is kept at
menpry_cell 110 as an exanpl e, when access transistor

less thapPdG &V ur ned on, the colum lines 130, 140 will
"equilibrate” or cone together towards a conmon
vol resi st,ance

0.4 . | f .
c ont(gt?]‘? s i Ve_nnl;le5 E‘Eﬁ ttgﬁ%l t%fl%)ﬁ‘g@qu agls,m?‘ﬂg_ the resistance 110
are 1mtigg? pedcdhanfed W d D20 niW %@&EME@KO.Q’&Z O&SO%Q»gr (?252%%"\1{& memory cell

erm ne how qui ckly the equilibration

110 as ar agdreplec wiph @tcass transistor @82 riphened font Hee cxtamnylingee(1130, 140 will

..110 holds a low (e.g., .10 KSM resistance val ue, the
“equilibrate” or come together towards a common voltage (0.71 v). The value of the
resistance contained in the memory cell 110 as well as the capacitance within the column
lines 130, 140 will determine how quickly the equilibration process reaches completion.
For example, if the memory cell 110 holds a low (e.g., 10 KQ) resistance value, the
equilibration process should reach completion in approximately 5 nanoseconds as shown in
Fig. 2. Conversely, when the memory cell 110 holds a high (e.g., 1 MQ) resistance value,

the equilibration process will not reach completion until several hundred nanoseconds have

elapsed.

[0018] The exemplary embodiment of the invention detects two voltage
states. The first state is when, at a sensing time, column lines 130, 140 are at an

approximately equal voltage (logic ‘0’), and the second is when they are approximately
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equi li bration process should reach conpletion in
approxi mately 5 nanoseconds as shown in Fig. 2.
waznoyer2sel y, when the nenory cell 110 hol ds a HimtsS2004/014391

(e.g., 1 MB2) resistance value, the equilibration

process will not reach conpletion until seygh@lne: M4065.0708,/p708

hundred nanoseconds have elapsed. [0018] The

(4 M n o

200mVHRREUGE E 07 SOURE e PROUIRCATHERE SRRUAEE 50 f Wpresent
inventibn aows theudatettioresf B, stdtdQ) Wienadohann larp13R| @0 aty/at

equal voltage (logic 0"), and the second is when they
approxispatelyjhe sungaekage ytypisab volsagereswramplificispodd/ oraggate. A

. c - 65. 0708/ P708 ,200n\V_a lagic 1'). .
minimR fd00REY of MRt PeburdeCorfipm Bod P g 0¥ pRedct do derermine
that onB'cBAfHA link MUER ek iterdldIRAYE thiiStiie®et.| BY ienRBAALY skewing the

states. Wen colum linés 130, 140 are” at
sense amppifiox] 0Bm¥ in drivedisaniony thet sagre veheny 3 @,all 40vark taa gebssaitidly equal
nplifjer would not opgrate. A mnimumof 100w of
voltage JeYals WillAlw KRt @6 dimstion sésha skw. 140 Srascriaabie appesice

- de ] . lnu | ine,has a greater voltag
direciif 4 P, diRlentlBn 330, TR0 el P Ehefief B RhBEeols i HRew
(100m¥BlusfanethekAQUMV RheryPichBsehbOimplii€r Sdealt 8o WoEImIROwhich

140 are at substantially equal voltage |levels wll
voltagea$ higher.s bmslee Fig. 2leenbbdiechi,dor afi ekéraplask 80 KC(T oesisense, after 5
in the opposite direction, the voltage difference on

nanose%’ﬁsf,s tha §vseiurme ligg 30y 140 trecicpeiese Meequabioltganony)

J i cal [ifi
approxittEly 7Y A% CopREInTenth PeiBe T HRishgRne e
nanose&rills tBe @B QAIUEBAlined PSO,afh(?é%'H?laE%‘%)xﬁga ?20@ MV &gﬂ‘ie The

f M nes 130, 1 are

after 5 nanoseconds the two col

presentiaventinodaretmines|tied diffetdnag ®ceveenahpriogh and w statd -oN. MQ and
Conversely, for an exenplary 1 MCl resistance, after 5
10 KQ mabinyeing aasmpleeroliage swtsarmplifinesmiloto thigsearsed it DRAMs. One

roxi mately 200 nv,. ri.. The _present invention .
cxamp P B Bl R R g AR R B i n
exclusivelyififted to $udfb? c@{ﬂéﬁuégoxlﬁs -- by using a sinple
vol tage sense anplifier simlar to those used in

DRAMs. One exanple is shown by the sense anplifier

150[ 0019 g When et engiy télel 10 weintthe higls rdBtance state (e.g. 1 MQ)
excl usi velg/ limted to such a configuration.
the sense amplifier 150 has no difficulty determining that resistance because it is very easy

b

for the sense amplifier 150 to dcfcct the large voltage difference between the column lines
130, 140, as shown in Fig. 2. This is because, after 5 nanoseconds, the voltage on the two
column lines 130, 140 is still very far apart. Without an offset, however, when the memory
cell has a low (10 KQ) resistance, the voltage across the column lines 130, 140 is not
sufficient for the sense amplifier 150 to “flip” as the sense amplifier 150 cannot distinguish
which line is higher or lower. This problem is solved by intentionally introducing a 100
mV offset for one input of the sense amplifier 150. The offset has the effect of flipping or
forcing the sense amplifier 150 to transition when the column lines are substantially equal
in voltage. Thus the 100 mV offset assures that the sense amplifier will reach a
deterministic result when the sensed resistance is in a low (10KQ) state. Furthermore,
adapting a traditional sense amplifier to have the features exemplified by the illustrated
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[0019] When the nenory cell 110 is in the high

resistance state (e.g. 1 M52), the sense anplifier
wdso4mes7no difficulty determ ning that resi StBITES2004/014391

because it is very easy for the sense anplifier 150

to detect the large voltage difference betwggﬁ ﬁyeMMMSOﬂm/mms
colum |ines 130, 140 as shown in Fig. 2

o BB OB BRSO L, YOG

convengionall DRAM shﬁmﬁphﬁeMWen the nenmory cell has a | ow
(10 KO) resistance, the voltage across the colum
I|n s 130, 140 is not sufficient for the sense
f 092@} B eidset desgsibednbpiie cabhe émpleprantedin ne@erous ways.

ich line is | ower

One wgﬁg 38 Syl ATy B8 PeipPemmarral T b Blivh vidth of
tranmstil)pQOé M Rfehsedxe Eﬂ%\s Rs g‘ 19?(?‘%5?{&1;6“?)]&:%@9&% 4 t;rér?s sxoré 104 and

The of fset ect i pp! ng
106 suctlhEhas ehgehavepliffédeat thrhdld (VepvdtageanThB ednsthéngli#ler MH0 can also
|ines are substantially equal in voltage. Thus the

be fabricarediyith pp astociased capacitivaandfer sesisgiue aimpiit fo providd the offset.
reach a detern1n|st|c result when the sensed

[ e W K urt her nore,
LoalPORETS he fofess B i Do (D Ko b OREC Behry cellis
sensed Bg@tséﬁs%sa ﬁ’(@lahédr@ﬁ'@béb G nlddekbet &t x%’w%c\ﬁgscnbcd in further
04/ 102 PCT/ US2004/ 014391 Docket
detail “N!lﬂﬁfffcreﬁ%td:’]?@ 32enkeFignBAi driesseesld Ocsisﬁq&:l Irr[fﬁ’ﬁo@rﬂc]l 110 to be

nodi fi catl ons to the fabrication process of a
sensed. cgﬂ\'/@ﬁ% EXATAP eDﬁe&Mcg@twemamw £¢lb}10 jsgo20pwhissisahte state,

exhibicE Bl BE 1P Pl PGt 0360 RSV heimory cel
110 is &f(inr%h@i WithoYer@hsidtbe1 59 %@R}@écnvﬁrglt 13@hnd & c%'?ﬁii BPlolumn
T,

. Anot her exenplary way is to fabricate t
lines. Theossnstwopl 32 indadsi sgae soiplédaod roﬂs(l‘fncsdkﬁsigriat‘@i réhey
hav ifferent threshold (WVt) voltages. The sense
fﬁ)g ¢} 18yringn predimingy tmp intemabarandisthr 432 is in a non-

T R o
lines 1301 Q461 2PhdrEstt St ANGE; e, e, S8kt érﬁbhﬁ%@?gl%ql R% ghéc? B5fow 1.
aer i fier accord| ng to the | nventi on

Rcsponslwelg[ trbedston 182 icbhdncts dikcaridal varkéht( Bid¢LaL by bfroli D19, between
In Fig. 3A one sees a resistive nenory cell 110 to

Columnb‘tficsééﬁs?é’di 140,r Thgimagnimes|of thisisurnent isstneionndiyoelated to the
resistanée kapp%%yglma%ely HO%?V(\)/f Enecsnllgxtyacréﬁellﬁt CT to the electrical potential

between column lines 130 and 140. As discussed above, the RC time constant depends on
the capacitance of column lines 130 and 140, the electrical potential between column lines
130 and 140, and the resistance of the resistive memory cell 110. In the posited case
where the resistive memory cell is in a low-resistance state, the time to discharge the
electrical potential between column lines 130 and 140 is relatively short. Therefore, after
an appropriate duration (i.e., at a sensing time), the electrical potentials of column lines
130 and 140 will be substantially equal. This contrasts with the result for a memory cell in
a high resistance state, for which the RC time constant is relatively long and a substantial

potential would still be found between column lines 130 and 140 at the sensing time.
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exhibiting a resistance of, for exanple, approximtely

10 KI. The resistive nenory cell 110 is coupled in
weani/e®sw th a transi stor 132 between first 13CEO8R004/014391
second 140 columm lines. The transistor 132 incl udes

a gate coupled to a row |ine designated row,b.. §00¢4dss 0708/p708
During a prelimnary time interval transistor 132 iIs

in a non- conductive state and a differenti al

el ectrical potential is established between the colum
lines 130, 140. Thereafter, at an initial tine, a

fi r F@023hbl Anthessiepsialg tirne apgdcoad ehablimgsignal is applied to the P-
Respansi vel y, transi stor.-132. conducts el ectri cal

sense lipg 68 foupleddiocagate by -chanasl ransistped \e A rarsistonh02 istbsreby

0 140._The. i t ude of. t hi j .
ensied 008 Fop U TRAP, ReR AL B ASPlr sovr efyansisos
104 andQ 061) B&husEeBMMndtles 130%ndardh 4R Mﬁbégh‘%&w @'al electrical

potential between colum lines 130 and 140.
potentidi Sheusspedtimbgates of trendiEotsi T anh 306y toupdabrdpectivelyt tdeolumn

) ca itance of colunmn lines 130 and 140, the

lines 134, dA0, @S%ﬁt%@ﬁaapdﬂi@%m gleswicahpotentiak As seesatcpf the offset
. . [ C f rnesi stive nmenor L] .
descrivddofl0 ol EhEPRE 00l 10 IR LR TRIREY i bpcat o
approxi@@dttly 100 AVa fé@&ahﬁﬁé,%ﬁé}@ciﬁes‘éh@b&v&lrécﬁeco‘l&rﬂﬁ 1in@s 130, 140.

di scharge the electrical potential between colum
Accordrighg P-¢3mnghtransigor 302 é¢ enabled (i.cs becomeTomidrfcoive) and P-channel

.after, an ropriate duration (i.e., at a sensing
transistpy ﬁr&? is @iabled o Lt icenflugtieaiehamiel srnbiston M4 allosss curgo
o ' ial l.y equal . g contrasts
indicar Gy A1 2 (P ReBLIRLER FAnMaRYO? pnd 0B, GHOMCGRERuy, column
line 140 assudic3na ] &t potQftiaVBf g[%parbgﬂﬁnﬁgytv&@ a§ﬂﬁ|5cta§?)ﬁfdg§e of column

relatively long and a sub ntial “potentia

line 14@ 19 ¢Hargasl.f ound bet ween colum lines 130 and 140 at the
sensing tinme. 6 WO 2004/ 102577 PCT/ US2004/ 014391
mﬁt&&%if : MA065. 0708/ P708 [ 0023] At the sensing .
tinme ecdhif BPRIOPFIALS WingAnicryal afighirarsister 103 és qmabled, a third

. - 0 . at.e of P-channel
scnsng T pfed FRURELELEL i 7830ReR s B HIACh g ghanne
transist§f DV2 ABI-ahAfid uahiivtdr 3R oAsdRARy Yoin &86hdEive path between
respective sources of transistors® 104 and 106.
groundBaelaths gespottivesduremsof 18Gisatuts 108 aadd 1at. Bubso ahé hbbveydescribed
el ectri cal ﬁﬁ%entiar t he respective gates of

action A2 S FonoRORHIBODA ik b ecralampdines daPyndoL40 are now at
s ST L8 oot P2l o ARG 10 nd 19,
coupled respectively to column lines 130 and 140 are thus also at substantially different
electrical potentials. Therefore, while transistor 108 remains substantially non-conductive,
transistor 114 is enabled to provide, along with transistor 112, a conductive path between
column line 130 and ground. A current, indicated by Arrow 122, flows through this
conductive path. Remaining electrical potential on column line 130 is thereby discharged
to ground. The above-described sensing operation therefore drives column line 140 to

Vdd and column line 130 to ground potential.

[0025]  The process by which a high resistance memory cell is sensed by a
sense amplifier according to the invention may be understood with respect to figure 3B. A
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descri bed above, however, transistors 104 and 106
behave as if a voltage differential of approximtely
wdo4/mes7f or exanpl e, were present between col RCMUSIOMESI4391
130, 140. Accordingly, P-channel transistor 102 is
enabl ed (i.e. becones conductive) and P-chaph@lNo.: M4065.0708,/p708
transi stor 106 is disabled. The conductive P-channel
high rctsi'séﬂ%é (Sé gr 1106 yorekiotee MidfdoRtell 120 hscéﬁl?#ecpﬂl s%hegﬁwlda%ﬂuanmstor
hrough transistors” 102 and 10 Consequent |y,
134 bcwtamdlc firsnk3Q 40d asomaelst (heolemeclinds edithe otsesnive ahcmxﬁry device.

The B S e S o SR e
above ﬂftjef‘a ohrtgl?:ﬁk §% Cglgf?a cﬁ&é ?%ggié’%g é:cﬁ,i %@r@% p V%%*?x%h”%r time interval

transmt@ﬁ llB|461§11d @n@n&@hﬁu@ﬁv&‘&t&ﬂ&&ﬂﬂ@ diffefenitial elk@ricdllpbrential is
N-channel transistor 112 consequently fornms conductive

establishad lpebueanctdr cognmudmaﬂ: d0; h0.r dbprraften; @t snimitiektink, a first
transi st or 08 an Due to the ab? de crlbed
enabling S} FAPRUEE thraw mwg%%n%gr 46 sonqugs ehsstrical current

B T e A

resistarRt, theaddhirihtings 186, 240! takks rel£i0ER| 186 hﬁ%@ﬁﬁ&ilﬁﬁb%té Qo that the
colum |ines 130 and 140 are thus al S0 at

sensingsegiysataon Wall by cdinpleardmell teferctthi eqhilibottint paicsss is complete.
Th f [ t t 08 emai ns bstantially
ACCOde@E%ﬁ%ﬁ@}% 'ékgmet{l Z{%@@g: the SeassraRitics 1 15Pghraseon or
« ) e betwee
fires aﬁhlgﬂigrrvr‘{m §tﬁl ﬁ%%ﬂ%h%?(mr}&; %%Q %@8&% A th@%oi]ur{m é1n6§T30 140.

roun curren

Becaus&of elv¢ BRilt- mf IOIYiﬁVté'ffs@tJ Q;Rc‘liv? i the‘%@ﬁ&BJ&thﬁch #Hi$200mV difference
Renalnlng el ectrical potential on colum line 130 is

will pravide & @é}ﬁ)aﬂgjedlo(imvg pﬁ sigual theiggtothe-sdpscarnplifibr
sSens, n era nth drlves col um I|ne 140_t
COHSC%&%&%%’% #65 lfn%na @?%ﬁ&‘%ﬁ@ﬁ??‘é! cNgED éﬁdd and

column'[}fe @Béc%ﬁ 5%1 lﬂx;ugilq cﬁﬁ%tsg gﬁc{f‘w‘%ﬁ%\)& Tbg fidws from

sensed é I er accor

Vdd toi dd)hﬁﬂhllﬁi& 1rmyarttec¢mﬂﬁf 1$dc0D40 Yy &ﬁrge@smtage VddJUKRaRFhile,
A 7 WD 2004/ 102577 PCT/ US2004/ 014391 Docket No.:

transistion 484 . romas A7 @1dn-gindussive sans eA(fewg1apo$cc{Syﬁd$ after the P-channel
s 338 TR e 5P sl oo cose s
currentGHtH BRekvdddCoI0nnt f 165484 %Y&I{H? "RE ¥1e36Ydaf Eurrent, indicated by
arrow 125, thus discharges column line 140 to ground potential. In view of the foregoing,
it is clear that if, at sensing, column line 130 is at Vdd and column line 140 is at ground
potential, then the sensed memory cell is in a low-resistance state. Conversely, if at sensing,
column line 140 is at Vdd and column line 130 is at ground potential, then the sensed

memory cell is in a high-resistance state.

[0026] Because the variable resistance memory cell 110 does not have to be
refreshed, the sense amplifier 250 of the present invention can be less complex than sense
amplifiers used with DRAMSs. An example of this is shown in Fig. 4, wherein a P-channel
sense amplifier alone is sufficient to accomplish the necessary sensing, without the N-

channel portion of the Figure 1 sense amplifier.
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The transistor 134 includes a gate coupled to a row

line designated row 2. As described above in relation
WO r4miéps78ensi ng of a | ow resi stance cell, durPdmus2004/014391

prelimnary tine interval transistor 134 is in a

non-conductive state and a differential electrica

20007 3r odt 9§?§da%ri1§r2 ‘53 AVSHECRERBTY SRFPEE thERARF pyipin the
variable 7§t e fOR HEH 0. Volnp RO Rl Elife ol M reater than

250 m\FrL 2T RRIRE 8 %b%sxblc@oﬁ&&c&ﬁ% a %ltag'kb gdtossaihgivagatsle Tesistance
resi Stance, the col um |ines 130, 140 take a

memory eélhl 10 et $00 arlg or |gneat¢xopr@q1ddd| the aime inservaheyervrhich the cell is
sensin operatl be conp|l eted.wel.l hefor 1
sensed ig gade; Patf—roﬁw sm|°§1t€5‘H§I £ &ensing Uyicdf a§ﬁmaﬁm0ry ce
e P-chann he s I
110 car S opirf A fh 46 R R Bhd 1Bkl PSS AT 800 mV or
more ac#98 e defl figpence between the col um Iines 130, 140
Because of the built-in 100nV offset (skew) in the

sense anplifier, this 200nVv difference wll grovi de .
100[rﬁﬂ2(82]00m 5 dlosumasss of ex¢mgplary peocessingsistenh 809 evfieh utilizes a

mplifier eque transi stor 160 is.enabled. to
fCSlSUVC‘c‘Inég@f)é Eﬁﬁ%lcggélaﬁ%orgﬁl too@ﬁ%&??”%‘a" corgn- éa?cuﬁ’ﬁﬁ’cf’ﬁsﬂ’@ system
3 s e diaC
500 incfits FESRTAHc bt G0 SUUEEH EELq SHEF B, SO AR Konwer
502 an&glptma e blﬁgclsmoﬁawa&ohple\aojhea@@l Wae 504k artwhproeessing
transistor 104 rennins in a non-conductive state. A
system 5@0nnayriosiade musltipfet mendmne conhBern 8102 andaies newlgpleiprmaty bus
the sense anplifier 15 ires, the N-chapnel
bridges el B BTG cPPFf@éle'fg i Bd he Pigngry Bt gﬁggﬁSBém@e‘ﬁe
d ground. An electrical current,
mtcgratcac?lgmflg%gae%égéggw 125, thus discharges colum I|ine
140 to ground potential. In view of the foregoing, it
IS pOGZY] t Mete mbmod¥ cosilerh 02X alsorcduplel th3ghd sr miore memory
Vdd and colum line 140 is at ground Eotentl al, then
buses 50e Bachgecmosnbusy/accepts mempry eomponarss 598 adey cmea@fenemory

Co ly, if at | |
compoRAT® BYRATRY faa s B ESigaEh PR cTey of thf B seHfgnvention.

sensed nenory cell is in a high-resistance state.
[ 00 c e j ' |
ooESUa 3 ey ipthEpt RSP SE TR, Ephlorbicmon

modulée? SPh@ menhGryRioaslier 50 eRdyl 4¢b Baaoxh;aeh €53 cackiphexdrip805. The
sense anplifiers used with DRAMs. An exanple of this
cache memetoIWb mayFbcthzbnlw\k@b@mexaogammpgpcesggg§g\stcm Alternatively,

other dﬁglglgs; fg’érre %xaglégig,smlggcsgﬁgj{sf éﬁlgx?x{z] SRI_mC i a Iclh% t}nc:mom:'s which may
form a cache hierarchy with cache memory 505. If the processing system 500 include
peripherals or controllers which are bus masters or which support direct memory access
(DMA), the memory controller 502 may implement a cache coherency protocol. If the
memory controller 502 is coupled to a plurality of memory buses 507, each memory bus
507 may be operated in parallel, or different address ranges may be mapped to different

memory buses 507.



channel portion of the Figure 1 sense anplifier. 8 WO

2004/ 102577 PCT/ US2004/ 014391 [0027] As stated
we@2akies77 t o avoi d accidental ly changi ng t he vEITES2004/014391

within the variable resistance nenory cell 110, the

vol tage across the cell is preferably not g 8af@f. {50708 p708
h a ‘

250 nV. However, it is also possible to operate wt

[
vol cr Labl e . @3 .
{50 SU155" 29 gt 3 S5 SO1ELARREA SR, G eripheral s
510. Vavieis \devicss, sikch g&epdripheralsensdditibsalradebridpes iy bddobupled to the
) careful}ldi monitoring the sensing tine interval, the
peripharalieis,5 kb| Thesgidevicgs sy inguden stbrage eonirelles/511, an miscellaneous
diff ntial yoltages ., _as..high as abou 00
1/0 ddjice i &'safondsly bZBRgkr 51802 mitimisthanigedssr 516, ahdan legacy
. i r =\ . i i .
devic bR P TR RABHT b KBk 03 bRy SAIARI HEbf frore special
purpost higtpspesd piorts /522t inonperital poafresy, figh QMaipheN the@fecial purpose
i ncl udes one or nore processors 501 coupled to a |l oca

port mighs bsthe Ascelernnd, GeanltigsoP ore (AGR) 2useddtozcopplena highopesformance
. brjd 503 are also c | ed the I ocal bus 504. The
video cﬁ'ﬁ%&%@fi%ﬁ“@?&%?ﬁc@o@tﬁay i nclude nultiple nemory
controllers 502 and/or nultiple primry bus bridges
SO3[0J3E] MermY stof@R cbtlofer 5PP caftled Bfe le h‘gﬁé Xt&ﬁ'%eogcviccs 513,

bri dge 503 nay be”™ integrated as a single device

via a stgiag2 Bhs Sh2, reetiwr pyeriphital bluk 81 05Edriexampk) tiiostplad doatroller 511
one or nore menory buses 507. Each nenory bus accepts

may bepebfepl cosrplisiand staege dayigesdid wary hederS] dissongdedni@ device 514
508 y contain,a.vari able resi nc.e r rray o

may be 414 sHRYlRPER LG FPE B o Lrtd Shife Py FeumipBhentac area

networR $fe ¥, BEcIRadRIMRENCrAE Grd! TheTBEB, dilidge 2 %c used to
menory controller 502 may al so be coupled to a cache

interfacerdditioral Beviddsevia amather besmy sheGfibedrminglgsttime Bod akample, the

cache nenory in the processing system Alternatively,
secondyy iuys baiclge daay be an uagigrssl seriabpe d SdY)conorpllgnysed taocouple USB

- ud ache nenories Lch,may . forma cache
devices 17 I8 B SR PG BB e a0 S Phdergils BreGBE0E shg may be o
sound &Y&!£(1dedCaptied beld, oP &y SRt HmeRRRRHAE WYY &by also be
are bus masters or which support direct menory accesg
coupled VB¢ addiciomeharvices suthr ad dpenkérd 31 9R T Herlpgayritvice isrefae: 520 is

coheiency protocol. If the
used to couple legacy devices, for example, older styled keyboards and mice, to the

processing system 500.

[ 0033] The processing system 500 illustrated in Fig. 5 is only an exemplary
processing system with which the invention may be used. While Fig. 5 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 500 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 501 coupled to

memory components 508 and/or memory devices 509. The modifications may include,

10



menory controller 502 is coupled to a plurality of
menory buses 507, each nenory bus 507 nay be operated
wo mopae2at1 el , or different address ranges may BeEr/usgopea4391
to different nenory buses 507 9 WD 2004/ 102577
PCT/ US2004/ 014391 Docket No.: MA065. 0708/ 338 wo.:0R2kk 0708 /p708
+ The primary bus bridge 503 |s coupled to at | east one
for cxaﬁzﬁé Qﬁﬁﬁ&im&%f ué&&cssyﬂf % ok, GRRliti 6 spReialized devices or
péri’pherals or additio s bri’dges may be coupl ed
circuitsf and her inpegragpdne ofih phurslifyldf. devirese devi ces may i ncl ude
a storage controller 511, an m scell aneous |[|/O device

514 cQ ry bus bridge 515, a nultinedja )
pr obedadf é%ﬁ ¢ sheginyantiey gaybcwse@b%%d fllgsratpsigwith reference

to specii @iy ki “E*ﬁwsgggﬁﬁﬁaﬂl L uB8pR B30mah? nf08iions and
substitRES AR beCraaRe Without ae din thOSpifiPaRd @éoﬂé%ﬂ’cﬁé nvention.
port m ght be the Acc era ed G aphics Port GP),

Accordirgglyl, tho imenpiloa ianbt ghbpeofgderad ae limitedelsy ttmrfdrdg@utgldcscnptmn
progcessi ystem 50Q. [0032]. The storage controller

but is anly Liggigd rlé’s §EORF Oheappendédgamasi ces 513, via a
st or age bus 512, to the peripheral bus 510. For
exanpl e, the storage controller 511 may be a SCSI
controll er and storage devices 513 may be SCSI di scs.
The 1/ 0O device 514 may be any sort of peripheral. For
exanple, the I/O device 514 may be an | ocal area
network interface, such as an Ethernet card. The
secondary bus bridge may be used to interface
addi ti onal devices via another bus to the processing
system For exanple, the secondary bus bridge nmay be
an universal serial port (USB) controller used to
couple USB devices 517 via to the processing system
500. The nultinedia processor 518 may be a sound
card, a video capture card, or any other type of nedia
interface, which may al so be coupled to one
addi tional devices such as speakers 519. The | egacy
device interface 520 is used to couple | egacy
devi ces, for exanple, older styled keyboards and m ce,
to the processing system500. [ 0033] The processing
system 500 illustrated in Fig. 5 is only an exenplary

11



processing systemw th which the invention may be
used. Wiile Fig. 5 illustrates a processing
w@emhile2sct ure especially suitable for a gener abCpusposE4391
conmputer, such as a personal conputer or a
wor kstation, it should be recognized that wall. f\OMkbes.0708/p708
nodi fi cations can be nmade to configure the processing
system 500 to becone nor @bl € for use in a
variety of applications. For exanple, many el ectronic
devi ces which require processing may be inplenented
usi Whaa iss¢laipieel asateshand désired totbecprotaited by drtirrs Pide OIS the
. coupled to nenory conponents 508 and/ or nenory
Unitedf134cg 5 509. The modifications may include, 10 WO
2004/ 102577 PCT/ US2004/ 014391 Docket No.:
V0G5 0L R7Q8 { PLomupRle, ol I m nat i on of
unnecessary conponents, addi ti on of speci al i zed
devices or circuits, and/or integration of a
pl us ghriidble Bdsisetiet G@EmolydeB4] Wil e the invention has
been described and illustrated wi-th reference to
speci fic exenpl ary enbodinents, it should be
undefsewbipriselectivein gpplpisfd veltagsffensttialaghessisaidtmomery cell;
can be nmade wi thout departing fromthe spirit and
scope of the invention. Accordingly, the invention is
not to be considered as Iimted by the foregoing
desgEdiat hRiplifieHicltdiveR! bubldd i ' ini
appendedagﬁ%ins. 11 c%g.%%%%%%§$ﬁgé$%a% O%%}g%i% fuping a
logic stiwodeshidNell: bastédd) 65 .a0/6M85EF0E Elisiddacrbanid slicdtal prede®mined
. ,hew and desired to be protected by Letters Patent of
period Pﬁam%ﬁqré@dstlﬁ%régtliﬂs‘foltigem apphisdy circuit conprising:
a variable resistance nenory cell; a circuit for
22: %C %X&g%orggﬁlf%k gginngclgi(r)rll 53 ecrgilnfsgx% ce1pctu|ita%or %&Egt?vscly applying

comprises a precharge circuit for precharging a pair of conductive lines to said differential

and

voltage and a selection circuit for selectively connecting said variable resistance memory cell

across said precharged pair of conductive lines.

3. A memory circuit of claim 2 wherein said pair of conductive lines is a pair of
bit lines.

4. A memory circuit of claim 1 wherein said sense amplifier has an unbalanced

voltage sensing characteristic.

5. A memory circuit of claim 3 wherein said selection circuit includes an access

transistor coupled to a word line.

6. A memory circuit of claim 1 wherein said voltage differential is produced by

different positive voltages respectively applied to opposite sides of said memory cell.
7. A memory circuit comprising:

a memory cell having a variable resistance;

12



a sense anplifier selectively coupled across said

menory cell for determining a logic state of said
waziok/1d2azed on a voltage state existing acr ossPGEHUSR2004/014391

cell at a predetermned period of tinme after said

differential voltage is applied. 2. A memdbya&inNg Widoss.o70s,/p70s
as in claiml1l wherein said circuit for selectively

apph ¥éie anfpiRf FvaReAuRhS FOM I saidl xﬁcfn%‘i'y _c%ll and connected to
precharging a pair of cohductive lines to sa

said megnddyerclvia fist andbecagd cohana lines, said senscamplifiér dodiprising:
sel ectively connecting said variable resistance nenory
cell across said precharged pair of conductive |ines.
3. A nen%P?“é&FHﬁFFOBPkgﬁﬁFﬁﬁ I5t#dei n sai d pair of
conductive lines is a pair of bit lines. 4. A nenory
circuit &l | [ Wi s.an
inbal ancad art SoaREREldsad bt 233G ABRptel FlnyiR: A
osupled te b figstisengflied ai m 3 wherein said sel ection
circuit includes an access transistor coupled to a
word line. 6. A nmenory circuit of claim2l wherein said
vol VBgssad grasprepupled sragsisknie diffen frongicaghepthier in operational

e B PN HER G BB LS BB i, P

conprising: a nenory cell having a variable

I es8 s ThrGRe¢moi2ciViiPO044i 4072 %%rgﬂéim_éf@&%%sists in causing
Docket No. : 065. 0708/ P708 a sense anplifier for

said senseamplifingta peipstlincseaf valagd staeerof said eldmangateionnect ed
to said nenory cell via first and second col um
lines,.,said sense a i.f.ie onprising:. a pair of )
o1 08 TR ABFBED Crouopestai? viedbh Sthlaihis Sk Gpsscesminlast wansisors
£ a first Pos@hGiviral ; I ansi stors and coupl ed
ora Stgoa&¢€$@?}%ggggﬁﬁgﬁgigﬂggégﬁg%%id cross-coupl ed
transistors differ fromeach other in operational
chat@claeins¢mos daruiteilclaens whgrdh kadipatobfl R8&- &tipiddStransistors

bet ween them
of a first conductivity have different threshold voltages.

11. The memory circuit of claim 7 wherein said pair of cross-coupled transistors

of a first conductivity have different threshold voltages.

12. The memory circuit of claim 7 wherein said pair of cross-coupled transistors

of a first conductivity have different associated resistances.

13. The memory circuit of claim 7 further comprising a precharge circuit for

precharging said column lines to a predetermined differential voltage.

14. The memory circuit of claim 13 wherein said predetermined differential’

voltage is processed by positive voltages respectively applied to said column lines.
15. A memory circuit comprising:

a memory cell having a variable resistance; and

13



8. The menory circuit of claim7 wherein said offset
vol tage assists in causing said sense anplifier to
wpropesdsy’ sense a voltage state of said nmenor yPCeU$2008014391

The menory circuit of claim7 wherein said pair of

cross-coupled transistors of a first condyskieVkd ymao65.0708/p708

have different channel |lengths. 10. The nenory circuit

of  glsehs® ampUTRE EbMmEMuinRathe rdistah@SwithAlEfhemory cell and

transistors of a first conductivity have different
connedtért &3 brod dnanpdrtyagdvia fikt afidh ecavadoojuminrlings t sasf sensaampkfier

Wherein said pair of cross-coupled transistors of a
compnpiigst conductivity have different threshold voltages.

12. The menory circuit of claim7 wherein said pair of

Cross-co LSt LI Ste.C RV )

have dif ? gi! |rr gﬂ%ﬁgﬁgéa%@lﬁﬁé%%g{%ga %98%%&@&19%? y

circuit of claim?7 further conprising a precharge

circuit heeconr pihaf gorgeagiled aahsisdrd bfiesecbad@onductivity

predeterm ned differential voltage. 14. The nenory

epneested adjagqnditehsaid fiplepait af erapdcqinied transivtosy

differential voltage is processed by positive

vol t ages.r, (o . lied t.o said col Lipes. .

1o ATes A ARRE: 1M AR drfhclified Bbth B Wtaid RER pis and
dovpled 3B Firkieehsd BG@ndand 13 WO 2004/ 102577

PCT/ US2004/ 014391 Docket No.: M065.0708/ P708 a sense

anplifier for measuring the resistance within said

menory celtfansistr af saidect@d! condimitistityrennngctedkd said aecond pair and
first ,and secopd cokunn lines, said sense anplifier

M)

Ffi§?ﬁg°’.“(§“?§etn§‘f 8% r of cross-coupled transistors

of a first conductivity; a second pair of

first | o
e e s o

operatibhalndiagdcosrisricisd tieun aisthgiig offs@aiottaft esibtsRBREGT then.Y
connected to said first pair and coupled to a first
sense |ine; and = )
he memory circuit of claim 15 wherein said offset voltage assists in causing

said sense amplifier to properly sense a voltage state of said memory cell.

17. The memory circuit of claim 15 wherein said pair of cross-coupled

transistors of a first conductivity have different channel lengths.

18. The memory circuit of claim 15 wherein said pair of cross-coupled

transistors of a first conductivity have different threshold voltages.

19. The memory circuit of claim 15 wherein said pair of cross-coupled

transistors of a first conductivity have different threshold voltages.

20. The memory circuit of claim 15 wherein said pair of cross-coupled

transistors of a first conductivity have different associated resistances.

21. The memory circuit of claim 15 further comprising a precharge circuit for

precharging said column lines to a predetermined differential voltage.

14



a transistor of said second conductivity connected to
said second pair and coupled to a second sense |ine;
wonbeneo2s7sai d pair of first cross-coupl ed tranBiBUS2084/014391

differ fromeach other in operational characteristics
so that a sensing offset voltage exists betyyaennd.hABdss.ozos,p708
16. The nmenory circuit of claim15 wherein said offset
vol pageTiassiesicty cltc§ieys tlatn 23avKersRNGR] pfaaktcfrhﬁﬁcd ifferential
properly sense a voltage state of said nenory cel

voltageli3 pra¢essedebiopygsidve wmltagenfesptaivalyldpplibe teiszid saiump dnlnes
of cross-coupled transistors of a first conductivity

have._di fferen hannel |.en 18. The nmenory circguit

o BB s of SN YRS respaBte SEmY SPbcomprising:
transistors of a first conductivity have different

thr eshol derigblA8Sof dtumANfhcd%dT ggc&étéﬁﬂfrfcd Qflﬁ'@ljcﬂ#iﬂ‘ vbRage;
wherein said pair of cross-coupl transistors a ?
first conductivity have different threshold voltages.

20. The sdeuivglciammettingfaid Inadmord/Scelihaeress said abthrpailines;

of cross-coupled transistors of -a first conductivity
have different associated resistances. 21. The nenor

circuit OPCRRMGRA SEBSTPPREGT COYRIsSH; ALirppestys BPHET esaid column

SR R AL ARl AU B s s
Biffere 520 0410dA 58 salbedandNines, M @6Rr8HI3{ RidGinée staIé‘@f said
menory circuit of claim21 wher ei n sai d predet erm ned

mameryesstli al  voltage is processed by positive
vol t ages respectively applied to said colum I|ines.

23. A i bl t
oot Loty i Rles Sl BB R 25 bhr S S st bek AP AL hab an
Bhsﬁgﬁ@efd%gﬁ@%&&él fcﬁﬁﬁ@ttch?t:ui %ﬂlc‘hacggates 2 @Lﬁ:‘f d s\éﬁkl}lxsfg oﬁ%ct at said

connectin menory cell across sald
openat i ng a sense anplifier coupled at respect ive
inputs to said colum lines a predeterm ned period of

time after said sel ected rrermr){_@cell recei ves said
di f f er engPallhromethed ofrcdaims23 o mluﬁﬁdlpfﬁ@@f:rmmcd voltage is less

BekES U?)lgaegcawlu%ﬁ 'cgﬁsacg CaLats b(c)

26. The method of claim 25 wherein said voltage sensing offset is
produced by a cross-coupled pair of transistors having different channel lengths

which provides said input sensing offset voltage.

27. The method of claim 25 wherein said voltage sensing offset is
produced by a cross-coupled pair of transistors having different channel lengths

which provides said input sensing offset voltage.

28. The method of claim 25 wherein said voltage sensing offset is
produced by a cross-coupled pair of transistors having different associated

capacitances which provides said input sensing offset voltage.
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menory cell. 24. A method as in claim23 wherein said
sense anplifier has an unbal anced operati onal

w@mn/aeseri stic which creates a vol tage sensi RCoU$S®e/014391
at said inputs. 25. The nethod of claim 23 wherein

said predeterm ned voltage is |ess than apsakdrafiemsoss.0708,/r708
whi ch causes said cell to be witten. 26. The nethod

of cl ai @5 MhemeiHbBH dhiMPhs R r&/RZUNDIALE §§{sid|$oﬁ“sct is
produced by a cross-coupled pair of transistors having
pidduecd by actresmeduplehpiinef trahsistorphavingldiffesaitchssavjutéd resistances
sensing offset voltage. 27, The nethod of claim 25

Vﬂ%&i’eﬁ"ﬁ"’ dalddPP‘érg??né‘@EQg%t VHtaget is produced by a
cross-coupl ed pair of transistors having different

channel n ' - OVi Ldi . '
of oot vaPt SHEmeddsl MBS Gheréth SaliiOhling HiSRmed by a
pRicHargeldiegi foEPRIchargdid sed cblammPlifeueetpldetrmined differential

cross-coupl ed pair of transistors having different
veltage, stid anerpapyacsiltboing arramgechtopravsdsdeil differtnitiabwltage to be

%ﬁ%ﬁ%ﬁw&%@é&w Zﬁ/gggé?g%;/ P708 29. The

nmet hod of claim25 wherein said voltage sensing of fset

S Pr oCHEAHYmBHRAASIARNPS QheRh baiprld AR dHfcrential
havi ng di fferent associ ated resi stance I ch
wlmgede prachicdd ibyputtirgedasd agluaid Beds toatiprgeive ésitividedltages.
met hod of claim 23 wherein said sensing is perforned
by a precharge circuit for_precharging said colum

5% B i

lines to heduedod ofclrim 33 whernin sid ageyataigeste Rirther
g@ﬂBﬁ%scel | being arranged to causes said differenti al
voltage to be equalized through said nenory cell. 31.

The net hod of claim 23 wherein said predeterm ned

differential enlingGe ldast PHAELERS BYpRELPaired tBRkStor circuit of
colum lines to respective positive vol tages.
said sense amplifier.

33. The method of claim 32 wherein said activating step further

comprises enabling a second cross-coupled paired transistor.
34. A processor circuit comprising;:
a processor; and

a memory device for exchanging data with said processor, said

memory device comprising;:
a variable resistance memory cell;

a circuit for selectively applying a voltage differential across

said memory cell; and

a sense amplifier selectively coupled across said memory

cell for determining a logic state of said cell based on a voltage state
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32. The nethod of claim23 wherein said activating

step further conprises: enabling at least a first
w@2ws2023oupl ed paired transistor circuit of sETUS®ME4391

anplifier. 33. The nethod of claim 32 wherein said

activating step further conprises enabli NgogeS@sE0M%65.0708 /0708
cross-coupl ed paired transistor. 34. A processor

circuit coepktiss B&oss AiPEALASSHedefRFifed BERSY of 8McChrer said
for exchanging data with said processor, said nenory

devi ce conpifesempl valtaga isappked.esi st ance nenory cel | ;

a circuit for selectively applying a voltage

amp b (e REBPER Y DACE SeEa0 el o elecbrly

seporoies g B ST e

differeribiat kelragdoarid MERDIOR/GBR OB seledtbiely@ et ans sfidivarisllk Iresistance
at a predeterm ned period of tine after sard

memoryicell aeront saidl presherggd pair ofineinduetivedinesThe pr ocessor
circuit of claim34 wherein said-circuit for

fs glr §§)tr gﬁ%gf%g&g{{fgﬁr&%ﬁg&%ﬁ %@?F‘{?’é %"I% apPr equciogxgilljliatt:ivc lines is a

pair of Bitfline§.enti al voltage and a selection circuit for

sel ectively connecting said variable resistance

menory cell across said precharged pair of conductive

| i n3%. Th6.pratessqrracegsdiclam 34ivherdin sdidisensdanipléfierihas an
sai, d pair of conductive lines is a pair of bit |ines.
unbalanggd Vﬂﬁégw“a@g@s raqterastictwiyeh proyidessaidyspns sensing effset voltage.

sense anplifier has an

38. The processor circuit of claim 34 wherein said selection circuit includes an

access transistor coupled to a word line.

39. The processor circuit of claim 34 wherein said voltage differential is
produced by different positive voltages respectively applied to opposite sides of said

memory cell.
40. A memory sense circuit, comprising:
a first and second column line;

a variable memory element which can be selectively connected across said

column lines;

a precharge circuit for precharging said column lines to a predetermined

differential voltage; and

a sense circuit for sensing a voltage across said column lines at a

predetermined period of time after said resistance is selectively connected across said

column lines.
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unbal anced vol tage sensing characteristic which
provi des said i nput sensing offset voltage. 38. The
WO peaessor circuit of claim 34 wherein said sBIBUS$10041014391
circuit includes an access transistor coupled to a
word line. 39. The processor circuit of claim 34

a1 lor She Serbe iyt 8 shimglle R d sulfs Saiiee By ppair of
conducﬁxqg BiddcheSWiRH £ u%@hﬂncéﬂem s&ldhpte go gﬁcon BiY i input sensing

circuit, conprising: a |rst an co u
<ﬁﬁetvéhggz a varlable menory el enent which can be
sel ectively connected across said colum lines; a
precharge circuit for precharging said colum lines to
a predetermned differential voltage; and a sense
circuit for sensing a voltage across said columm |ines
at a predeternined period of tine after said
resistance is selectively connected across said
colum lines. 17 WD 2004/ 102577 PCT/ US2004/ 014391 41.
The sense circuit of claim40 wherein said sense
anplifier has a pair of conducting branches which are
unbal anced and thus adapted to provide said input
sensing offset voltage. 18
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