WD 2004/ 102577 PCT/ US21104/ 014391 SKEWED SENSE AMP

FOR VARI ABLE RESI STANCE MEMORY SENSI NG FI ELD OF THE

I NVENTI ON [ 0001] The invention relates to a nethod and
P Afdhss77f or sensing the resistance of a vapeaBkRogiizen
resi stance nenory el ement. BACKGROUND OF THE | NVENTI ON

[ 0002] Variable resistance nenory devices store binary
data as two different resistance val ues, one higher

sk EhRaRiE e HOFR AR | SR ARSTSTRIEE Feblob T smsing

resi stance of a resistive nenory elenent rather than
as a charge on a ceEaM (OF THHENVENTIOWCe val ue
represents a particular binary value of logic "0" or
logic "1" . Variable resistance nenories are
non- vEP2Q1] e Thapaycationaclaigs sa e imehod end apparays fompsérsiperthe
rcsﬁtﬂrc@%%}gr@&b% ycgisa&xfé S‘ncmv(\)h clcsr'necrr]ﬂ?l ng the resistance
a varl abl' e resistance nenory devi ce, |t |
possi bl e to conpare the resistance of a nenory
under goi ng a r 8aCIHPRROATNONOM THE RSVENINOAN of a
reference cell to determ ne the resistance value of
t he CE&& %f ead and thus its |ogic state. However,
£t nEOOQZE o VaRhle ceffance SMeTRPEAICTIFE oK tAney catenes o different
I I | t e
e g onS L1 PR UFEBIC e ST A& fom
DRAMS mhhaxeheyr repnsentsa ImﬁSIIyS)TaBn:C:S alresigdiitg Sf a |r651stﬁ6| ﬂic‘i‘ﬂd}? element
cialized circuitry.is_required to set the
rache @tﬁﬁéga%wea FPadreflhcantganse| velue dppresentsepargcular binary
v I ef» & of nds 1
s U [ e TR PRl ARABRE L BRI, Bhere e
capacior aﬂnhcaureesmicmaden DERvRNY adeemlﬁﬁs tWhé 1€ sdnking the¥8is@nce value
f unlqge architecture which is different fromthat
oF AFAHRYG ETFFACE PSRV dOREMIET POsRIS o CoBPRE thoFiEgcoe! a memory

cell QBGM% Hela R:E@@gEEQOﬁWtﬁﬁMﬁ@ﬁAﬁgf&&F&Qgh t?cgglﬁtcrrpmé )51'1

s
I

devel oped. I ces enpl oyl ng sensin
resisthcs viabreedff |thcscdllr oring eabnababicid lopRtstaté .t Hov&ﬂér if the reference cell

dagf'c C|e nufactﬁg|ng scal es. Therefore it is
is égtlxvrc YWithip @n agfay gggsithepame defective reference

ccllrﬁﬂcﬁh?@&ﬂuﬂﬁ 'B?rrﬁ/crg&’{/'cgﬁsswﬂlonﬁg A3 cc‘d\ﬂ]rl:@srta.r?c? P S’glsblln
to those of exi sting ' DRAM nenory devi ces J=
addjtiqn, |spgcialir¢d ¢ifdulitry is+kduirdd\vio set thie redidtance value 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 marurity
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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[ 0004] The present invention provides a sense

A RIMI@RTH or sensing the resistance state ofrcarus2004/014391
vari abl e resi stance nenory cell. The sense anplifier

is joined to the nenory cell via first and second

colum lines. The colum |lines are first pre-charged

to have an ellSttEH $MMARI OFTHENBYEEDET@REN.
Thereafter, the electric potential between the colum

li i j y allowing.electri t ot
1 ow TR TS s Phi sy iafes o shampnties Brscmeimgsthe
resistdnte sf2@€0f 4 edhab relift@n@! Beiddry adll. @E@%@@hﬁgﬁﬁﬁ?ﬁ)mcd to the

colum lines to fully discharge is determ
memeycell pip firpfeandesstencherdemoflintdse Tharcohivhre lin@sirs fils pet-charged to

. |1, | | i sch d th h
I T
colugtt Gids)is HRaturg] B AIdwWiRE 81 tRChR DL th hg%%%g?htg‘g VRfble

.cell in a hi& - resistance state. .Therefore,
resisganse earpeyseat dhofimeqoiskd for dhieréstridal porpatiilibetbéh column lines
0 di scover whether a

_ ngjn t.i may he. sensed ) _
to Ay e i TRsfhbst RPHh Y abf fiseanch Bbteq arifblg resstance memory
cell.NChmAR h & ARGArRH thRWMEhESIShAE Eelfindd 1§w-£§‘i§taﬁécﬁs§£‘t%rv9ﬁ
| .

. state of the colum lines is sensed after
dischafgemarr quirklyi barnelumn findsldisciaget ahgaghhanehest dlGak high-
- potentialpetween, caolum |ines.through a o '
resisp e ek TRl et A s st Of HE GPITRH Bes A& pagaular seasing
timdlinag BakgRed e dBL&t Whedler 1 RALADE @l BRANS LS tines s |
~lines through a'high-regfgtanceﬁtengry %%ﬁgfﬁ?Fgmgpimcsw”1a
fught-ffélsgigﬁqsph@w-tqsmpq bretec AMhamdistHangsstar ©f die @U@l lines is sensed

trical ential, then the resistance menory cel
aﬁc‘ﬁ%ﬁﬁ‘éé{“ﬁﬁvgﬂ PRESES G PRduareg %@W% PREFTA! petween column
lined O\blESA Edvﬁ-@&s&t:ﬁfcéﬂnﬁ:mdrgf ce@but nguﬁi%flﬁt &gﬁlggltdﬁéﬁ{‘?’gp %he electrical

colum |ines are not at equal electrica
porantiahbetieen ealugmalinss thiomgh p lighiresicaraentrony celhe 16 af tiMensing

. [ ' nown tqQ be in a.high-resjstance state.

time, 6‘3‘8@‘]‘{‘%#%6‘6% s S AsToc i Boieael PaRgF Frvance memory cel

cont@aipg ithesolanAlines & kfdwas &y b& BUPIRArdslsARsE Shar Sraf; fe sensing
first conductivity, a pair of cross-couple >

timg, Pé%%‘_?lg{“&rlg‘céf“ Gt oaenl clesmitatpotentisl, thanithansisainoe mefnory cell
condR8in th LolG RIS 1 kidobt RBE £ hignTelildhale 280se 11 e |

[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 conducﬁvity 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 b;twccn them. In operation, column lines are precharged to
produce a predetermined voltage differcntial between them, and then a selected memory

cell 1s enabled to shunt the column lines with the resistance of the cell, The sense amplifier



transi stor of the second conductivity coupled to a
second sense line. The pair of cross- coupled
transistors of the first conductivity are fabricated
&bq@un([ fromeach other so that an offset volta
8t ween them In operation, colum IinBSTLp
precharged to produce a predeterm ned voltage
differential bet ween them and then a selected nennry
o BB T T T s e
whe2Q0 thd n&awc Eﬁbt&i@&@%d P 19:38d oh $hORRAhed ofthe Rell.
predetern1ned period of time after the colum Iines
are brij ﬁd and senses whether the |ines have
eqU| | EO&“%{ edImangber cwawéw s bodEmenss therofisetescnte ammdifier includes
a paﬁ'f%ff é:reot5£ gé.ﬁagléd léﬁ%npiaﬁgrs o) )éleu dgcr:é/wenbocszI a g?msns’tor ol}e the first
con@ﬁﬁﬁﬁy@@qued)iﬁﬁﬂsaﬁéﬁﬁﬁ of a flrst conductlvity, and
a transistor of the first conductivity coupled to a
first se@ line. [0007] A nethod of operating the
vari atfi® esﬁ§?§ﬁ€€(ﬁﬁﬁﬁﬁynéF@%VUP§kaF§8m"§ﬂ@VP@@dUMYlsdx>
pnmﬁﬁLEF DESCRI PTI ON OF THE DRAW NGS [ 0008] These and
er aspects of the invention will be nore clearly
understood fromthe foll owi ng detail ed description
whi ch i s proBRAEH DBESCRH TN iR THE DRAWENGS
acconmpanyi ng draw ngs. [0009] Fig. 1 shoms an

exenp dlne t t he |n nt|on Q10] Fig

shows @’é]u q %‘”ﬁ‘s ﬁ”EJI‘G“PPH@ éﬁ%ﬁéﬁrﬁ@kaﬂy

dORRIRH R th EOQQHA fdijed3 ? LS
Haccording to the ihvention during Hjcg)risg ? TRiRgFpn with
the grebnpamyisg Howingsi st ance st at e; [0012] Flg SB shows

an exenplary circuit according to the invention during

sensi f a.ne cell in . a hi eS|st Ce state;
Co0 e HETShEnE o brroro By Gt aF Fuftoon
the invention; and [0014] Fig. 5 shows the invention

enpl opeod 0 t Bign 2a3hBWO fr6blidvent HEAM
DESCRI PTI ON OF THE | NVENTI cﬁ% hPsensing °Pcraﬂon

gﬂ)-&/OHJQl

[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

enbodi ment of the invention, wherein a pair of 3 WO

2004/ 102577 PCT/ US200. 1/ 014391 exenplary vari abl e

WESTOYURTE nemory cell's 110 and 120 are conneREBES2004/014391

bet ween colum |ines 130, 140. An unbal anced sense

anplifier 150 is al so connected between colum |ines

130, 140. The sense anplifier 150 has both a P-channe
cxengplaryanaripble nesmnaice poamhoryrrellsSThEO aid ¢ @ arredonpectd daris column

e FALTAE 5 T b A0 3 St 29,10, 200
130,}\{@’.‘5;1’5& $dn3e ln@x?hﬁérll%ﬂ ﬁd}q)ojcﬂ%’P—a%nkparﬁpmg%ﬁgag%o flon. The

sense line 170. Select transistors 126 an
P-chgand @ortidre hgrtranssudrarl 02 pl @dyrandd (06g asé isseainectEh ab b iPAgnse line

transistors,132. or, 134 sel ec articul ar. menor
160, I M Fh b Boris s desaier | BhIE. pr of 41 S heosasree to an N-
scnsg gﬁ& 2y 0 OBelet¥earzREdEM 2k 1aNg 1%%&&%‘9%9&&%@%8&% tqggc sensed.

[
20 mV for exanple, while the colum'line 1
Enalpimg: wirstsgad 1823 o¢0G4lect die paetianqylmemdagyaei dilogh ¥0 t@be sensed.
differential voltage is established between col um

| | 1 130, i tion, th
or o ok, Beprienti AR opserben 89S Boih ine ddicop dermeschareed

to 8DV mV & dx@SbRt NG 1R cRuslfft Bfh %W@frc-ccﬁtul ed P4%600%V. for
such an Operatl on It 1Is |np0rtant to prevelﬁ an ?

exampplei deperdingly,iatdifferonsaivelrtgdis wemblished bkitvezen Tolyme est140, 130.
accidental witing, i nost Ci rcuns ces the

Dur R SRR E bl bR B LB Gt Ao e absed tapether by

the rkdibtah& Hfel@ted heRDrf HAN ﬁ@gnmqh[agocéy%%tﬁ) it ﬂqgﬁbolrtgnt to

Fig. 2, the two colunn lines adjoinin e resistance
prevenurn gcwlenwl wiriad to/ sqircechaegedy talsa T22revvit didid@tgineging, in

2 - 0,,60,M). ing the nmenor ell 110 an
most Qs dipslarce 4R 4bend® Blaki b abef nsrupdt SaUOR ClRg i kept a
less tah @®0 hivnes 130, 140 will "equilibrate" or cone
toget her towards a common voltage (0.71 v). The val ue
of th rﬁsistance contained in the nenory cell 110 as
vel | E&OV e Oapheve amEE- % the fvoripdurae liganadjpiningsthe 36sistance 110

. ' ' h i cklyt LA ibrat.i
O S —

- 110 meameyanssit | widadredsdransistod W308s Girned Bn K82k olu@$i BLANSD, 140 will
ue, the equilibration process should reach

. V' l ”
“eqUBRFet AR MGOgERIcE KO Ride  gommutiees (4€] a3 Thowaluk of the

resistance contained in the memory cell 110 as well as the capacitance within the column
lines 139, 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 complctibn 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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Fig. 2. Conversely, when the nmenory cell 110 holds a

high (e.g., 1 M) resistance value, the equilibration

process will not reach conpletion until several

hundred nanoseconds have el apsed. [0018] The

axenplany7enbodi nent of the invention detectspbtyWRs2004/014391

voltage states. The first state is when, at a sensing

time, columm lines 130, 140 are at an approximtely

equal voltage (logic 0'), and the second is when they
20086 a 185k VB e ¥Gi
T G e T R U
invemmoniailpws thiesdetedrionird botle srs. Wlmnewimmn liakd b3® Itdi0eare ar

det ect' on of both states V\gﬁg col unn nes 130, 140
sppRUngel e e Foliesiog o vOUAE: i ADRLAE Spidapt operate. A
min%RhEAErEl (RRNS | 3t

T Bkt B SOn AL AR 240 8 nfhEd i lcrmine
thatj gnenesdidtod lino hdet greaicneoltigrathan e abkunBy lnteidnally skewing the

t th th t ent 1y
sen G {RmO3E o8 Singsin: s Spischen [P Qe0ar wetbpaptial cqua
voltﬁél?lc%l@tzvﬂl m%% sl-g’Q’m 104K &Rl ofTHOSLAN T Abd e ﬁ-ﬂ{ﬁ% apposite

voltage levels will always sense in the direc
dlrcch‘en,sthe\mltagfﬁbffgemeon h3@ Hewoqnpsxsbcteexough t€ ovdrodne ttheskew
enough to

ol BRI PRt A PO

v e I S
olt\%%cpits glgéehc? < Txﬁ I%a o ) fcfr?%{bﬁgﬁ%#gfotr %.n @%ﬁéﬂh‘a m résistance, after 5

nanescenpdisarhy td0 cl&ﬁﬁ’nm Bsdsslt3N a0 aof depy clbse wwadipspeNngs at he
130, 140 are very close to equal

t wo cobugb ne
PP{RJIPAY m ppé%%’chsﬁ‘cye@ Wﬁcwaﬂcbﬁ@@rfsseﬂtwccﬂﬁcran
E8%28R4 t r t he
nan R U ot p Rk S B 10 B0 Bl Fan B AN R AR S sy e
prcaparrtvcnfrmcictpwmmc|m@amdcmtdeammhr@sadmlew states -- 1 MQ and
%rence between the high and | ow states -- 1 VB2

Y §SiRg2 Simp ctyylt%&ﬁ %?QSfaaf@Plrﬁfr dmjlsr talwss ewsien DRAMs One
cxarﬁgp_l 1& §hdin §}L M @hset eé FS?? 1209%'\/%11 tghe vcnmon s not

i's shown the sens
cxclalslt/d:iy)bghtcﬁhe su¢h/:emmﬁynrat3mnot exclusively i mted to

such a confi gur at ion. [0019] V\hen the nenory cell 110

IS in[é f i stance s[ﬁ_ﬁg [?l 1 M), the

sense | | >

_ 1t MRS SR Piitin B high rsribRRsergate kae. 1 MQ)

the E&SE SinpOL& l@pﬁddsn% chfﬁchfty YEe¥mfriny that resistance because it is very easy
for the sense amplifier 150 to detect the large voltage difference between the column lines
130, 140, as shown in Fig. 2. This is because, after 5 nanoscconds the voltagc 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 substanually 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,

‘adapung a traditional sense amplifier to have the fearures exemplified by the illustrated
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for the sense anplifier 150 to detect the |arge

vol tage di fference between the colum lines 130, 140,

as shown in Fig. 2. This is because, after 5

s, the voltage on the two colum || _ )

%ﬂlﬁgﬁgﬁ'jl |- very far apart. Wthout an offst?ﬁésg&%mn

however, when the nenory cell has a |low (10 KQ

resi stance, the voltage across the colum |ines 130,

140 g 213( suffi Cérgnt for the sense applifier 150 to
ScnSﬁf\mpb crai & 1HEUSETARY FHBPS PPEHICAPNSIR TR fAbErHGBfgr &k of a
conViiti6Ral IDREM $enld SABisQr | ower. This problemis sol ved

by intentionally inhtroducing a 100 nV offset for one

i nput of the sense anplifier 150. The offset has the

ef f ecf00201f | Tppioffsetatescribod gibeye t4nebsmmdemeanpd if hemedhmB ways.

to transition when t colum lines are substantially
Onctanie © FRHGF ERBRoTAL © R PO OSSR 5k B8 Gheel Wilh of

Lift8r $66SBnBARE hkdrRpladidy i i 0hSHid :
mmrlesalt when t he seéllg[\gd ryelg,?éslt@%rgfggciqgé ?Lo@a%%a‘(:t{m&gf 104 and

106 stelt ghat Fheythaee diffeesnt thadstptld it avdlnagdi. tThenahsesangfier 150 can also
lifier to have the features exenplified by the
be Ebrleater MHLEN B SBEAEEE AP PeTITEBAIE AS9TO U offscr

anplifier 150 requires only mnor nodifications to the

fabri cgé20n PrREBRReRbyavhibRRYSRH |1 OR@) LRAM S §RSH i
anpl i ierI.JP[OOZO Tﬁe c}),ffslet destc(:ri be(} rakl)ove can %rg cellis

sensednbl e et achplificnanrerdiugs tavehesinver@ua willynovsbd destabed inatfther
transi stor 104.to, pe apprgxi mately 75% of the channel
deraofh G eh e i o or T BB SArHErS BRI aB, <l 1o be

tabrbeatie RS S \ B¢ RN
8RO kPSR GRUPhE RIPLE 17 00 0L e

exhibhngsensietanapdf, forexarhple, egproainsocly B8 KhbiThe a¢sesdivinirehiory cell

D03 GGG E1e 7Y ehe Foribiot ] P i BakEs By el Geptumn

lined. 10hd tRdsist €51 31 ARRRIIB IR ofBlcd the roRanhe idsiBYadd $&Hge
anplifier according to the invention will now be

descri[8@32] n Puringarprelgeinaiy time titervef @armesisow 132 iFirga non-

A .ln Fig.,3A one sees a resistjve menpry,cell 110 tq
congiceivg dRis,did EOHIFINTE! SRcif @oteTel b 6SRBRPEL bRRYFGR ghe coumn
line€ €80, 14B0 Tiferddhed drQWiki@S! Hhaf frsSEibing si ﬁ%p%&ﬁgﬁg row 1.

resi stance of, for exanple, approxinmateél
Respensivsly, wensissant §2 cedductsidértiical couphte thdiaatesiesyi arsowvil 1), teerween

B N N TR
resife@Wel (bR oHBREAPADEDL] M¥ndmory cell 110, and 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 ume.
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[0022] During a prelimnary time interval transistor
132 is in a non- conductive state and a differentia
el ectrical potential is established between the colum
lines 130, 140. Thereafter, at an initial tine, a
PG LPVRNBI i ng signal is applied to row 1. "Fertisannmnisr
Responsi vely, transistor 132 conducts el ectri cal
current, indicated by arrow 119, between colum |ines
130 and 140. The magnitude of this current is
functionally related to the resistance (approxi mately
10 Kf2) of nmenory cell 110, and to the electrica
pot en b I
i sculapasert Pagd e, L AEBnd PRuRRE bt s Splica spghe P
sense ipad b0 aog@edto £ ghueraf A-thesiel3thsiast 11020, Txfahﬁstor 102 is thereby
| ectrical potenti al betmeen colum |ines 130 and
Cmbi to proyide Rerondur e A besv acR & ddeanidgthe wespagsivs Sgukses of transistors

104 1&1119 10&3n Bkbh@@élhhﬁ#h&éﬁ%o AerH 10G: %L}%E{a?l%alyeci%leam&/mcal

is Iin alowresistance. state,
potqﬂnslctﬂnarrgspcctttve gaeks exftxrahﬂabrspm‘IGKﬁd 6, ketiplee fes ?@&dﬂzﬂf}'to column
ore

# ﬁ- anpd 14q?|s relatively short. There
bines; {be 4053 éEB RAbsassansially eapal Gh,ct{qcaléothﬂal ads érqgsiuﬁg)f thc offset
'dcschb&?)abo%hﬁo@év%gtt; RlorP Phe Q[ﬁﬂ ql()% b F‘na\%,la:’] Wvdl{a €3 crcnnal of

be su stantla y ‘equa i's CONEras
appmllﬂmttlhd()ﬂem‘ﬂl for taample peererpteseat betwaen aolliirgines 130, 140.
nce state,. for. which the RC tine constant i S
Aceqr rfﬁx 35

npglfepnsiseprd Ogubg@%qu die- bpromsscpadusiya) ahd P-channel

O at the

0 B e s S 2 B P o et
indi¢BGPBY AAbwt Tkt sefiew tigrolipieransis®eC DiTareN B | Cgnsiq@bdly, column

i.s applied to the P sense Iine 160 coupled to a gate
line }£0 Pssé‘ﬁé‘fﬁﬁ’élclcf‘i“&ﬁ’sﬁ’%tt:%tfa eHapproiiapesely Veld a3 olze fapacirmcebfjcolumn
line €280 &frded provide a conductive path between Vdd and

the respective sources of transistors 104 and 106.

Because colum |ines 130 and 140 are at substantially

equal [@024dt r iAsain appoemsiatd ainctihervad sipeatansistog aDESs afabled, a third

tranS| tors,. 1 nd.106, .co espectjvely
senskig Ut PR BB Fagnee 4pg 1505tk Feaneiedre B geieyof N-channel
tran§i§i6Al 1 2] 8ctidngal crBRtsesttigl corfdeq2nti§ $tds &Bdﬁﬂ:ﬂf%‘éﬁ?@émccn

descri bed above, however, tranS|stors 104 an
WSCWCKH’C\?QPI‘:&QQF warfstseoreAOBand Gfl 4. dppr wxihaabeveydescribed

O A g 2 SARTRLE 00015, RESSTR! RSLNGER, £ U LTS

subseafalip diffeiert elde@RANBScR@MIUTHE V@Ye@RE g Re £ BRI stors 1
transistor 106 is disabled. The %%ndu%ﬁfve P-channe 8and 114,

coupled, respeatiyely 1o gokymmlires i p0ramek 140 are thus also ar substanually different

electrical potendals. 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 potcnﬁal 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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i ndi cated by Arrow 124 to flow through transistors 102

and 104. Consequently, columm " Iine 140 assunes an
el ectrical potential of approximately Vdd as the
capaci tance of colum |[|ine 140 is charged. [0024] At

aYO APpprepri ate tinme interval after transistor PCORSH084/014391
enabled, a third sensing signal is applied to the
N-sense line 170 which is coupled to a gate of
N-channel transistor 112. N-channel transistor 112
higlc onsegue(td.yl M2 reessondme tiorg cgdat 20 bebwpled in gering Rdchoneransistor

the respecti sources of transistors_ 108 and 114. Due
1345y ire Be s 130 2pisseand Lag e dimariines ot PLeIEHERye memory device.
The gt 184 SndQdes a1 @&gplé@% 1 R WAD dl:éi%‘fa??cggtﬁv Qn%ld%gcribcd

are now at substantially different ele
abopoinematatiah so thidhensieg péa low eesgsatres cell, durimpsi [pelmhmahPB8me interval

and . . coupl ed respectivel q colum lines 130 and
mﬂi*&f@fi%é Iy ﬂ@@%&@%{cﬂ&ﬂ%ﬁ%ﬁﬁyw fd§erigal potential is
cstagliﬁﬁﬁ rb'cﬁz@écn RRL g&hgﬁ'{ fnes 'Elgg’r ?1‘16’ r ?hc%ﬁér‘? att :(r?f?l‘?ﬂia? gi?x{cl %%?st

remai ns substanti Yy non- conduct i ve, transis

enablingedi@ial 8dppliedoroonsivd2, Rabpangively] tratisisamis] 34 @ndui,elétrical current
. .conductive path between colum line 130 and ground. A
indiggjed By arrow il rwaehyolpmndines 230 apd J@8. Yhes sgisingiz 4 MQ
SANdUG - Rymaispi elect L tial. o
e PR it SURAD Ry S BEREN AR BREGblisPloygg thac e
senspuperatbacwilliedcanplsiadgvadiisdfate tha e hitibekioheretdsy € Tomplete.
cg#gan line 140 to Vdd and colum line 130 to ground
AccOEtiRgY e theFodjanmglransisisslo0gf thasense ampiifier 150 turns on or
«frEPS| ; ool anpl i fi
R e R oy SRS e Bl AL fiH1150, 140
Bechespeche baltfih QOO B BffseA (skéwWMa 2{20dhdOathplifier, this 200mV difference

.PCT/ US2004/01- 1391 _high resistance (e.g., 1 MZ
W‘”rpégY'gi i@%mf*féﬁﬁi)ylvcalpo%é’d 9f sispdlupl t@&émf%g é‘i"riséé"\ia;iﬁﬁ a
Cohse8ASHS! Bhnsisldtt Qe Ve ed REchid f’EorﬂcﬁQa% zg_g%%w éll\élé)d and

col'um [ines of the resistive nenory
columarigé 480r Regpbosivelyustesleariga tcarreny pbdicht¢ddbyparrow 11230 8ows from

esi gnated r 2. described above in relation to
vag h%é@%ﬁ&ﬁﬂ@ 1%}%' 24 Sprradicod &echegqd ogeitagr Vad. Meanwhile,
trarf{s€3rl 104N8MmYint il"B nbR! @M At tive lsFROS AFE @ hakdd bt a?tc?rhc P-channe]
non-conductive state and a differential electrica

tranpistaniO2alf thesenes tmplifigHéd firet, wee - thmnelaramistdrili@shres to close a
, A first

130 0. Thereafter, an initjal tinme o
curieR B e rrefornd L AP a0 isy 50 cleSGisaharreryndicsted by
arrdw ADS) Bl ORisddfy s QBANEE Snh 8618 bFAINIPULERM. 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 DRAMs. 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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i ndi cated by arrow 121 between columm |ines 130 and

140. When sensing a 1 M5 resistance, the colum |ines

130, 140 take a relatively long tine to equilibrate,

so that the sensing operation will be conpleted well

equi libration process is conplete

g&ingpﬁgﬁy when the P-channel transistor 16BCHESPp 14391

sense anplifier 150 turns on or "fires", there wl]l

still be roughly 200nV di fference between the col umm

|'i nes [0607] 140.starBeealion t@hvéidachidedrilly dhadfidphotiiaetvithin the |

(skew) in the sense _anplifier, this 200nV difference
varighlp respstange sema el 4 200w v_oltfg@@ﬁyyssdpe gqlbnﬁ arefegbly not greater than

01’889 9@53%]& ?”aﬁs% @@%icféoe%%cr%ﬁ&%@%ggg a%Jossa&%'vé 33 e resistance
meRBE cctil 10N 300NAV It Gredasiranticd ehy rim@lin@hat bidratlich the cell is

current, indicated by arrow 123, flows from Vdd to
Scm@él iy rade shrstera Byzaaer ol mepitorng tllqwnﬁ@gaﬁrm@é@wflothc memory cell

olta e Vi n nsi.stor 104.r

no cho diic dt C|i\\}vélvtl?’s lé@%.aejgcrfgélvalnarl]% Seoits™ }ﬁgﬁg Oem 2880 mv or
moR &hahRed cellt¥iansi stor 102 of the sense anplifier 150 .

fires, the N-channel transistor 112 fires to close a

current path between columm line 140 and ground. An

el ect r{P&’E&] c dig entllusiraigs R esempHTY RIPFSHNE Desterp ﬁQQ which utilizes a
resis vsccrplgx%l ?ysdc(\:ro%:’igrdm Iﬁgrdm 4{2) Eho %sgg{] Qltvgrpcioennt'f é Proccssmg system

50 RARIdag onE 6t thidRe bid&%séﬁ@ﬂlSccﬁiplc\dd@ a lotd ba©b 04N Al mBRory controller
140 is at ground potential, then the sensed nenory
50%and 2 pgmapy bus bridaec)3araalse connled thiosedms S0¢, The mpccssmg
sysr%%g&)(?%ay mc?%ddc xanult{ rpcemt%f'n%qlz %?ﬁtrol r%%@gn S)DI %‘Hﬁgﬁg p}pmary bus
bridgds [503S Tha rﬁcrhb@h:drﬁﬁﬂl&f BOZ @né ki rimh§ 26 briBee 30s endyne
vari abl e resi stance nmenory cell 110 does not have to
intgpgated @f p ggglsfievica@%9ense anplifier 250 of the present
invention can be |ess conplex than sense anplifiers
used wiggholPRANE &?QBHP&SU&fSOtzm; Slsd SoTHNAR bx‘ﬂ: & Hore memory
4, wherein a P-chan sense anplifier "al one
busa 07 c Earit meoncay bospidepty nidreoryemegsmeyts SORS IAng' one of mcmory

W t hout e N channel rtion of the Fi sens
corihyaniey 508 T S BB IR A et B0 11 04 453 Prescht invention,

[0027] As stated earlier, to avoid accidentally
changifu3zole YA HRovdry hbﬁpbhenrs BO8 in?Y 1R J BEMBHANGE or 2 memory

menory cell 110, the voltage across the cell i's
moglukef ek ahingment ccg‘rtgdiceﬁO@ﬁxaqy also be coupled to a cache memory 505. The
cache memory 505 may be the only cache memory in the processing system. Alternatively,
other devices, for example, processors 501 may also include cache mcfnorics, 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 rﬁcmory 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.



250 mV. However, it is also possible to operate with a
vol tage across the variable resistance nenory cell
110 at 300 nmV or greater provided the tine interval

QVE o0 \yﬁl c%the cell is sensed is made shorter. By
car &f y monitoring the sensing tine intervallCT{Ua004/014391

menory cell 110 can be operated w th higher
differential voltages , e.g., as high as about 800 mv

roz}sggross the cell 110. [0028] Flg
i | | us anPeREMINabYs by Wgouplsd emnBedwink phripheral bus
51Uty r | r vi ce 100 according to

th eirgﬁlg?gﬁtc 5 %v&lgn it P \cé)ﬁp mlerglg %r gg’é’sogfdnlﬂj g) g‘g%‘iﬁ“a%@e COHPICd to the

pcrlphC:ialthﬂESSmﬂedefsc devieesthOCRERRAeS sebkhgl &Hﬂ&l@r 59) a%’P&?Sccllancous
HS 504. A menory controller 502 and a primary
I/ Qfevigses Kb 3 Ss?czéldarYs@lsqugcéi& hemlllgmmamyscm 5TBhend an lcgacy

t | ti nenory
I AGCRLL  h k
p rﬁ@seh pe nyswmmel 80 apc?o "'¥h
: [ xgefhg>53 o i nt gcr atned as acxg?ﬁgcﬁghgﬁw ceslbéf)%l purpose
pory '@fﬁg]bcﬁh%‘«ﬁ@ﬁﬁ?vd&fﬁph'@ Pert (3G3); gsedltg gouplepl legh performance
videQN&rPlo AR, %EE?{'%? ¥y§ ug@g 507. Each nenory bus accepts
i y

menory co onen one of menory conponents
508 may contain a variable resistance nenory array of

t he p[@@ﬁh} mhl‘ftefttrhgmcor[tﬂﬂﬁgb1Th6uﬂ€§%&o&9mﬁgﬁ%§ devices 513,
menory card or a nmenory nodul e.

via Eh%ﬂﬁ‘ﬁ?%tlﬁgwoqol the PS'@thﬁ'dybUél 5. lﬁpr@ﬁuppleddtatca'agaﬁd}&roﬂcr 511
the only
B S P SRR RIEH LR 15 W8 g 1

maydichaeiy sdevifpedphdrall ¢ Wﬁlc B’GcOP/@ %@51& §pilmg?$c 3h58cal area
i ncl ude cache nenori es, forma cache

DETVRIE ABfEERSE thrﬁseacﬁfécmmyl SIUE sc¢dndarydatprbmmigssmryg>c used to
t herals or cantrollers which
ince SR SOF I an RO RIS LS e S0e Sy Don@iseude, the

scco@M)hustblmelgﬁﬁmylbﬁ amantwakah S¥riabParc TS B)) @BA@&F& @dZPc?‘EJL%lc USB

deviS [}3;1{7%0{ H}Sot ocol. If the nenory controller 50
to 42 t %Pfﬁsﬁpg EXpran 59@”[51?‘15? hultigsdBQFocaantt18 may be a
i 3tbel dF R

o b s 8 a8 Bifbe I BB Shce e my i be
oupledrty ynb&@goﬁ:ﬂﬁcv@cs\ﬂkﬂ Q9 ARADTY9 PThE 145280d4dvilLinde38de 520 is

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
proccssmg 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 shoqu. 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 inciude

10



[ 0031] The primary bus bridge 503 is coupled to at

| east one peripheral bus 510. Various devices, such

as peripherals or additional bus bridges may be

coupled to the peripheral bus 510. These devi ces may

I wolandaoz7st orage controller 511, an m scel | angeu&2004/014391

I/ O device 514, a secondary bus bridge 515, a

mul ti medi a processor 518, and an | egacy device

interface 520. The primary bus bridge 503 nmay al so

- _ ; _

o R B BB e P R o8 SRAR devices o
circapecnd)/ oputgpysaon pbHi plunlghof devitdse Accel er at ed

Graphics Port (AGP), used to couple a high perfornmance

I deo t e pr.ocessin st em 500. 32] The.
ot or agi08Eh: NEhIE AR BEERR e eeh 8%smoRs pd dETasgd wich reference
to PRUEE &R mplady el el O 3PIAUR R rstd Y thBEmREY MR&IAlions and
bus 510. For exanple, the storage controller 511 nmay

subpmrugo8CSin lwomadoMibpuadepasting dge devspresnd i@ pawy theinventon.

SCSI discs. The 1./ O device 514 y. be any sart of o
AccgETp gl oG VRGPS ARpICECS T cred T e S e e dscriprion
butl i96Al liANiRA BEHAREpd ¥ Bk haGEndAUEIm@S an Et her net

card. The secondary bus bridge may be used to

interface additional devices via another bus to the
processi ng system For exanple, the secondary bus

bri dge may be an universal serial port (USB)-

controller used to couple USB devices 517 via to the

processi ng system 500. The nultinmedi a processor 518

may be a sound card, a video capture card, or any

ot her type of nedia interface, which may al so be

coupl ed to one additional devices such as speakers

519. The | egacy device interface 520 is used to

coupl e | egacy devices, for exanple, older styled

keyboards and mce, to the processing system 500. |

0033] The processing system500 illustrated in Fig. 5

is only an exenplary processing systemw th which the

invention may be used. While Fig. 5 illustrates a-

processing architecture especially suitable for a

general purpose conputer, such as a personal conputer

or a workstation, it should be recognized that well
known nodifications can be nmade to configure the
processi ng system 500 to becone nore suitable for use
ina variety of applications. For exanple, many

el ectroni c devices which require processing my be

i mpl enmented using a sinpler architecture which relies

on a CPU 501 coupled to

11



menory conponents 508 and/or nenory devices 509. The

nodi fi cations may include, 10 WO 2004/ 102577

PCT/ US2004/ 01-1391 for exanple, elimnation of

unnecessary conponents, addition of specialized LLOYD WISE

devices or «circuits, and/or integration of a

plurality of devices. [0034] While the invention has

been described and illust€Can&8dSwith reference to

speci fic exenplary enbodi nents, it should be

understood that many nodifications and substitutions

can be nade w thout departing fromthe spirit and

scqpe of, the invention. Accordingly, the invention is

not"to KEMEBAY|YEHEECHRISNGT ted by the foregoing

desouatiphle 8Ristantd mbmoSell; | i M ted by the scope of the

appended clains. 11 LL.O\/D WSE CLAIMS 1. A nenory

ci AcHictt femistectyshy applying ardiffpreatial egltage atnss naidwmemory cell, said
circGi€tmprisifg: r cui t for selectively applying a

differential voltage across said nenory cell, said

ci rcuit 2acPiphares sgevin for aedvhangmgcir paii toff amductive lines to said

pr %ﬁf@&ﬁﬂaf‘&ilé falLy of conductive lines to said

differentia %o’l tage; and a selection circuit for

sel ect i getlyctvormimsit iforgseteriively acnreblirg Jai | fablRCisibite emory

cel ' r echarged i r..of conductive |ines;
anaélé@ciés%%%d?%ﬁ?rg? e?a‘rs%t%é’g?&\?}ﬁ‘f [inesoafdl ed across sai d
meavense agiplifiéroseledtitaty tdupllatgaceos 64dl tenfok bl Rk ds@irining a logic
statec(%lsl idbcaﬁgg ?n a VB| tage st.ate existing across said _
cel et 3757 QA AR PRINgdCIss saiq ol aypa pegdeiegmiged period of
timediftef exdidditferehtislobttagds hsplie@pl i ed. 2. A nenmory circuit

of claim1l wherein said pair of conductive lines is a

pair of bit lines. 3. A nenory circuit conprising:

2. A memory circuit of claim 1 wherein said pair of conductive lines is a pair of
bit lines.
3. A memory circuit comprising:

a variable resistance memory cell;

a circuit for selectively applying a differential voltage 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 existing across said cell at a predetermined period of
time after said differential voltage is applied,

wherein said sense amplifier has an unbalanced voltage sensing characteristic.

4. A memory circuit of claim 2 wherein said selection circuit includes an access

transistor coupled to a word line.

5. A memory circuit comprising:
a variable resistance memory cell;

a circuit for selectively applying a differential voltage across said memory cell; and
12



a variable resistance nenory cell; a circuit for
sel ectively applying a differential voltage across
said nmenory cell; and a sense anplifier selectively
coupl ed across said nenory cell for determning a
logic state of said cell based on a voltage state
existing across said cell at a predeterm ned period of
time after said differential voltage is applied,
wherei n said sense anplifier has an unbal anced voltage
sendi Sgsecpider slgcsively couplehagressonigl mémaice!l §br deteanmir; a logic
I r ncl ud acc
St%g{] Sglidgcteg %h%g?% ae\gntlt'agé’]stg‘th eglghr? Across gdlg ﬁ\elﬁémy ezeininemj period of
tirgofisy paid ﬁ@ferenaak/\aﬂnaaéaiseppledg st ance mam)ry celi; a
cir o} e I ffer ti aI
vol &Hgl:eelrgc{abazsd ggalIeJ&tYﬁe%r%l?aDQ é’ﬁ‘&l ﬁ@?ﬁ \Rpditive goltages
respeeityel yaappli¢df to @pposite oties &v@a;d xﬁau@iyedll.acr oss said nenory
cell for determining a logic state of said cell based
on a voltage state existing across said cell at a
pr edet er Kimatorpelrt@tdcdprising® after said differential
voltage is ? plied, wherein said dlfferent| al vol tage
is 6?’%6‘15’6%6" ﬁiﬁvmgfaf‘@f'éhlﬁ resiséanegvead vol t ages
r espeedsk v@bMriaPBl egsutide QRReALL Br Shid ﬁl%m%h\écc’e?l and co[ullecx:d to said

cell. 6. A nenory circult conpri sing:
memasy erl via st anghyegondeesilupmbings; saishwnge cxenisier amqtrlsfnger
for neas i i.d.menory cell and
connect e%ﬁdtlg&cgﬁ%g cg{n"r@%ﬁal% Sl(ﬁ? asda first and second
colum 14 'iﬁ@sslstcsapmesedmsmmnr bf @ossawonpled ghumgstoralafBédupled to a
of ELPSSs c%pl ed transistors; and a transistor
connect edﬁ to’said pair of cross-coupled transistors
and Coulemﬂelh ca crbsch:dupB&nﬁaﬁ&lstbﬁedlfﬁ\hﬁbﬁﬂ éacBatkbr in operational

cro nsi st or, fer frogm each other in
ope(fqufa%genallcs 2 tlhzfr Sreied t??té’g Rgs ef‘ﬁéftobeé”éer?glﬂﬁfgn -of f set

vol t age exists between them

LLOYD WISE

7. The memory circuit of claim 6 wherein said offset voltage assists in causing

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

8. The memory circuit of claim 6 wherein said pair of cross-coupled transistors

of a first conductivity have different channel lengths.

9. The memory circuit of claim 6 wherein said pair of cross-coupled transistors

of a first conductivity have different threshold voltages.

10. The memory circuit of claim 6 wherein said pair of cross-coupled transistors

of a first conductivity have difterent associated resistances.

11. The memory circuit of claim 6 further comprising a precharge circuit for

precharging said column lines to a predetermined differential voltage.



7. The menory circuit of claim®6 wherein said offset

voltage assists in causing said sense anplifier to [|oyp WISE
properly sense a voltage state of said nmenory cell. 8.

The menory circuit of claim6 wherein said pair of
cross-coupled transistors ~of a first conductivity

have different channel lengths. 9. The nenory circuit

of claim®6 wherein said pair of cross-coupled

trapsi st pieS mefor dirchiis tofCORGIAY | Whér¥inhaw® phédefeanmbd differential
t hreshol d voltages. 10. The nmenory circuit, of claim®6

vowfgérl%mrﬁceé%ﬁd&ywﬁltlvwol&gé%@swﬁthmhé%wt'F%F%ﬁagt Glumn fgesy
first conductivity have different associated
resistances. 11. The nmenpry circuit of claim®6 further
conp?i si Agnemqpy eietvilrapenpeisingui t for prechargi ng said
coI | Qind aRV: fferential voltage.
EE%&B Wgé{a T . ‘?ﬁgﬁ%rgefsr%}rai}}géglar%m t of claim1ll
vvhea séme 3napkuﬁqyrfexdvetztsmng1 the rekiifténee evithinadaid/mkmagyecellsind connected
o BEPRER G TR VO BRI PRI SR g
menory cefitst iSP&[V(bﬂtgoﬁ-c\bQ;Blb(&bhrelst(ESd)&t1a’eo®,ndﬁm'd'it§, sense

anplifier for nmeasurin th reS|sta e Wt

nenory C%Fqco%aa E8hfresy drag%{?tars r?DSteflo%e“iolng\ﬁ“g'ty connected
f1 1 adjaico$6ia Gingt patalolﬂtmssl m@&d wandislosense anplifier
conprising: a first pair cross-coupl ed transistors

of a fi r%t‘afl?ﬁtﬂﬂ@éﬁfi‘@ﬁﬁ?CO'H’%%EHM“?)%?W tgpaid first pair and coupled to
Cr 0% $irct AR Bk hh@nsi stors of a second conduct fvity

connect ed adJ acent to said first pair

Cr 0ss- c ot pressier aihsdid tserond congychivisy §?'éﬂectﬁfi g5yl pecprg pair and

Cong&ﬂéd%u“%%g%ﬁé ggeto said first pair and coupled

rst sens Ine; and a transistor of said
second cehaeiotsaidi pajr gf)ﬁnse@toestcwle;datr@S@@C&)dtﬂfepéliorn gaghl other in

Couete%t,om c%af%@t%ﬁﬁgzs§§ﬂx%?a L(Jn@%é gtwf Siidle $R1sH tRRden Hem.

rst cross-cou transi stor rom each ot her
in operational characteri sti CS SO that a sensing

of f ?ﬁ?t 'V?lllet %gtgoreyxclirsctuﬁ ol?e alm hrc]aree:m said offset voltage assists in causing

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

15.  The memory circuit of claim 13 wherein said pair of cross-coupled transistors

of a first conductivity have different channel lengths.

16. The memory circuit of claim 13 wherein said pair of cross-coupled transistors

of a first conductivity have different threshold voltages.

17. The memory circuit of claim 13 wherein said pair of cross-coupled transistors

of a first conductivity have different associated resistances.

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

precharging said column lines to a predetermined differential voltage.
14



14. The menory circuit of claim 13 wherein said offset
vol tage assists in causing said sense anplifier to
properly sense a voltage state of said nenory cell

15. The nmenory circuit of claim13 wherein said pair
of cross-coupled transistors of a first conductivity
have different channel |lengths. 16. The nenory circuit
of claim 13 mherein said pair of cross-coupl ed

trapsis i st c have di fferent

i h?lgsholt—lﬁ Vo?r{l%ra e(élrcuf of n@%ﬂ%ﬁ sad; Eregﬁter&u%gdnﬁlﬁgrentlal
voltageeis pfacessed by p@_ﬁtfve@f)ltéige@%F%W&Iyﬁgpﬂeﬂa@ §d1§5(9[1§1n 1ks. @

first conductivity have different associated

resi stances. 18. The nenory circuit of claim 13

f uoher Acraehéd 6f efsidg PV AFEBRY I8 sthrck %@Iﬁoﬁ 411, comprising:

prechar gi ng sald colum lines to a predeterm g&

di FFEPEAPHEP! Godimpmlires taa pLe@@vmnchEffe@gtlaWhhageenor y

Ci k@lbdtiveRfcofhRtiny 484 }4\{@% ned

differ ev ﬁ?l °§| IH% %Jr %élzaggogﬁ%f&%rgn {n n?}seaQ/dol t ages

r e Speting el Vn@p pllnpleﬁiert @@h’»lddatcmbp,mnvd inp@ss. to 28ld odlumn lines a
pred&?ﬁﬁ%@% ?%rboilq{lelg{é%ﬂ%r ¥ éegg:ll;eed ! een% St Pes?xggssnsgtdgdlg(erentlal voltage
fronpy mlwlmdtoouefemm ratreastance Istaﬁbgff saifl eledtiry vel.y

connecting said nenory cell across said colum I|ines;

and operating a sense anplifier coupled at respective

i NRUt s Aomsiaddl as Gh Wiiml 20V &hefkin P4i@deiser MhpIERr B8E 128 inBflanced
ected nmenory cell receives said

"peré ‘?“fae?}b"‘ﬁﬂcfeélﬁt‘% P‘Pgﬁrgate? ii ESW%%PEPSE’(SI%W af p3i@ iputse
detern1ne a resistance state of said nenory cell. 21.
gfthoﬁwbs in claim?20 wherein said sense anplifier
ha methed ¢ claime?pihersi saith aredetermined ivoltaghi isHess than a
voltpe Hi@Scadse¥ 94ill 28RN, Oof fset at said inputs. 22.
. The nethod of claim 20 wherein said predeterm ned
voltage is less than a voltage mhich causes sai d cel

tophe Wi hé&fod gﬁ?l?l-ll}hﬂ %Egﬂps gé sensmg éte”llg %mﬂa ced by a

vol tage sensing offset” is pro uce
crosyyequplegfpairrof rizansistorsshavingi mﬁeldnﬁémmuermfghﬂrvﬂﬁbh perief said input

smwM@oﬁQﬂQBR%&des said input sensing offset voltage.

LLOYD WISE

24, The method of claim 22 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.

25. The method of claim 22 wherein said voltage sensing offset is produced by a
cross-coupled pair of transistors having different associated resistances which provides said

input sensing offset voltage.

26.  The method of claim 20 wherein said sensing is performed by a precharge

circuit for precharging said column lines to a predetermined differential voltage, said memory
15



24. The nethod of claim 22 wherein said voltage
sensing offset is produced by a cross-coupled pair of
transi stors having different associ ated capacitances LLOYD WISE
whi ch provides said input sensing offset voltage. 25.
The method of claim 22 wherein said voltage sensing
of fset is produced by a cross-coupled pair of
cell temg sirshgrdsto kaviem gaididiffeeraial valsgeeo dt equdliesd fk@pG8Sid memory
cepWhi ch provides said input sensing offset voltage. 26.
The nethod of claim 20 wherein said sensing is
perfornmed by a precharge <circuit for precharging said
vol t age,

col,burm | j nes 't redeferm ned differential : )

sa?Z- e ?;‘/“e%’% ‘%L%%‘ 2\6 Seherqin spid guedegermined iderentipl voltage is
produatibigsses Bigdaidi cofudirBlitieh &) reypskcti site RBIREYal | zed

through said nmenory cell. 27. The nethod of claim 20

wherein said predeterm ned differential voltage is

pr ogucedhdy, i ' in4am akdi tive .
oot t | very et bl AgER) gherein i okfidfit b EFBBFCorBe,
saFepblig pijgast adirss erops-faupled airebmmsiste sircuitrfabidismge amplifier.
| east a first cross-coupled paired transistor circuit
of said sense anplifier. 29. The nethod of claim 28

- whéP-ei nThaimpths! pff ataimg2& tvelerdinirdahie actbatimg ise@s further comprises
I 2cond .cross-coupl ed paired transistor. 30.
enmﬁ@g?é%%@%g¥g§???6?ﬁmg%ﬁ%?ﬁggﬁg: a processor; and a
menory device for exchanging data with said processor,

sabd mepory devi.ce. conpr.ising: a variable resistance
ne%@ry gg¥%?$§r8FW8§nggﬂPgselectively appl yi ng a

di & pexesnsdrd, ahd vol t age across said nenory cell, said

circuit conprising a precharge circuit for precharging

a HARTIYY deyirgulor iesxehanging sdatd Wity spid dreckesos nsaichimemory device
compi@ingage; and

a variable resistance memory cell;

a circuit for selectively applying a differential voltage across said memory cell,
said circuit comprising

a precharge circuit for precharging a pair of conductive lines to said
differential voltage; and

a selection circuit for selectively connecting said variable resistance memory
cell across said precharged pair of conductive lines; and

a sense amplifier selectively coupled acroés said memory cell for determining
a logic state of said cell based on a voltage state existing across said cell at a

predetermined period of time after said differential voltage is applied.

31. The processor circuit of claim 30 wherein said pair of conductive lines is a pair

of bit lines.

32. A processor circuit comprising:

a processor; and
16



a selection circuit for selectively connecting said.
vari abl e resi stance nenory cell across said

precharged pair of conductive lines; and a sense LLOYD WISE

anplifier selectively coupled across said nenory cel

for determning a logic state of said cell based on a

vol tage state existing across said cell at a

predetermn eriod of tinme after said differentia

vol Bagempy g%f £y, exghaneige dpfp gridls spid BPpesArt syl mBemRPIy device
cod@rivihgr ei n said pair of conductive lines is a pair of

bit lines. 32. A processor circuit conprising: a

processo?VaQﬂﬁ$IIS“E@%?HEHWFSEﬂLa menory devi ce for

exchangi Rgirdli Br Widchvala QPG Entiad Pich X

devi ce coﬁér|3|ﬁg v g ﬁégfg%re§$§ygﬁce ﬁgﬁg?&sameranCdl

a cPatuit for selectlvely applylng a dlfferentla

vol tage

anplifi e?gé; g? %%Isgﬁgggvﬁél PAPEe fed Cm%S Sfédl ’86%%?95 for dptgrmining

for adeglersmatm|orﬁgsa1chcélb@asedsdrahevdlxﬁgesatad: esbtingbased AN Bell at a

vol t age stat exi,s cross,.said.cel] at a
or e QP EPTIAY eﬁ‘é’fil g mgfa? ”ﬁE{S %{?faréfmag é(PLﬁagﬁll? frplieht i al
vol t age wherdjpaldegénse/ iRl Fien haRhluSRSEeiMabd bdkinp %ﬁaracterlstlc
an uggglanc d voltage sensing characteristic which

pr oVHIFBPTQITe] Spif JeRut s e servokage: vol t age. 33. The
processor circuit of claim 32 wherein said circuit for
selectively applying a voltage includes an access

trandi st bhe RBeRIPEFircyit af dleiry3d whereinzaid pirgitfersaiestively applying

a v%ltiéélihéludEQWEé&bﬂgansnsﬁ])r 9&& §Qwordflfe.@ menory device

for exchanging data wth processor, said nenory
device conpri sing:
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 differential voltage 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 existing acro.ss said cell at a
predetermined period of time after said differential voltage is applied,

wherein said differential voltage is produced by different positive voltages

respectively applied to opposite sides of said memory cell.

35. A memory sense circuit, comprising:
a first and second column line;
a variable memory element which can be selectively connected across said column

lines;

17.



a variable resistance nenory cell; a circuit for
sel ectively applying a differential voltage across LLOYD WISE
said nmenory cell; and a sense anplifier selectively
coupl ed across said nenory cell for determning a
| ogic state of said cell based on a voltage state
exi sting across said cell at a predetermned period
of @ Preghareg cigquitsior greghdrgiog saidi @lunvwolitaage al [greddpphired differential
e@in said differential voltage is produced by
ifferent positive voltages respectively applied to
opH EHISE ecirguiti der sn‘nsislgiajvmfagarayroeegdtid &ﬁr%ﬁliﬂfﬁfﬁréflp&%&%ﬁnined
- S JEGU Lt L.Si_ng:. irst an econd col um [i ne;
periddd df e e L DR i it ViR gl sessceidolumelngs.
connected across said colum lines; 17, LLOYD WSE a
pr§§hanﬁp circujt.f0£ Erechar ing said colum lines to
a predet or e Gl Per@Hh i Wiernagnd sensd amplidiesdas a pair of
conduétinghiranchey whRASr@gnbualatebd BEE(HRAS LASRSR FroGRk Wi ill}!)uqes%nsing
oﬁﬁft F gredetern1ned period of tinme after said
g§a§'ance is selectively connected across said colum
lines. 36. The sense circuit of claim35 wherein said
sense anplifier has a pair of conducting branches
whi ch are unbal anced and thus adapted to provide said
i nput sensing offset voltage. 18
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