AC SENSI NG POP, A RESI STIVE MEMORY FIELD OF THE

| NTENTI ON [ 0001] The present invention relates to

resi stive nmenory devices and, nore particularly, to
read/ sense circuitry for resistive nenory devi ces.
BACKGROUND OF THE | NVENTI ON [ 0002] Integrated circuit
desi gners have al ways sought the ideal sem conductor
nenory -- a AIBSENSINGIEOR AHSISYIVEGRE: '@}Fy can be
witten and read very quickly, is non-volatile, but
indefinitely alteggﬁge and consunes little power.

Pr ogr anmabl e cont LT o b He ENYENEHNY  ( PCRAM)

technol ogy has been increasingly viewed as offering

all t a ages. 003], Digital .nmenories are
wi del W?ed%?%%%ﬁd% ‘PHE%JH‘B&?%GCS%%@( BRMORLAPGERSand, more

an onput er processing systens. Resistive nenories
%ﬂrg?@afjﬁ)’ got f‘&r‘f%Ferdiﬂi?ﬁthbf@r rgsiptivhmemmrydovices. t s or
binary digits as "0"s or "1"s based on the resistance
of a menory elenment or cell. Resistive nmenory devices

are conf i gur ed BATIRTROXNIGEErAE AT ENBnE! ement  or
ow

cell is at the intersection of ar I ne (word line)
and a colﬁnn line (digit line or bit line). In order
to rebP] siriserapesicinidesighers hweaeimpycedught e idsal
irst select. the esired menory cell by
e B ke ¢ AsvRE P HpTRoRtl, oembIe R watcen 2 rea vy
quidkiy, ersectoladle e indbEisitkp dlcBBHY, Ynal SARR s H@Q?OEQF
p desir ? menory elenment Is isolated, the selected
YO%‘éFPé?%?P NGt sagdeshageendnep oap@ GRAY! aeceado grohdsagen i reasingly

: : e he resistance of the menory cel
vl Bikind 9 eyl /

et erm né t he | ogic state of the menory
cell. [0004] For binary logic state sensing, the
absol [A3fegdigitdenahoferme wigd luscd BSISEARER, BSAPuRPLystem
Conp%ngnommd onl% whet her the resjstance of a menory cell’
PSTEBD TR GPTPHEr BIR S SR UL AT dRenTtYe mmaeridssieretdigien information
in tHeOQE IBRs BPBiaBOHEiIZ LN @7k 3 i«gb | . K
hbnethelessl_sgﬁg%ﬁg;%hg)Fggig %P%%g%%ﬁﬂg§ﬁﬁﬁﬂﬁcﬁgﬁﬂyynmv
clemang pepell. i Bestpiive memiory Bexdens see tdrefigured natagwhete i BRistive element

or yca%AaMceinLc%secciﬁg@ 0Fs ?ownumlltt: I(\Bl)red fxgcrgsatnrd%i cnothfr'rm %inc (digit line or bit
line). In order to read or sense the state of a memory cell, it is necessary to first select the
desired memory cell by selecting the column line and row line, which intersect at the
desired memory element. Once the desired memory element is isolated, the selected
memory cell is then read by applying a read voltage to the cell to detect the resistance of

the memory cell and thereby, determine the logic state of the memory cell.

[0004] For binary logic state sensing, the absolute magnitude of memory cell
resistance need not be known, only whether the resistance of a memory cell is above or
below a threshold value that is between logic one and logic zero resistance values.
Nonetheless, sensing the logic state of a PCRAM memory element is difficult because the

technology of the PCRAM device imposes multiple constraints.
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WD 2005/ 036557 PCT/ US2004/ 032884 BRI EF SUMVARY OF THE
I NVENTI ON [ 0005] The present invention provides
errbodi ments in which the state of a resistive nmenory

gﬁg)& ¢l read using an alternating current A(C‘:}.
ng the state of a resistive nenory el err&ﬂ SRRO¢ 32884
AC avoi ds over-programing or erasing the nenory

el enent. BRI EF_DESCRI PTI ON OF THE DRAW NGS [ 0006]
These and ot hePRIERSUMMARYIOFIVBEIRYENTIONe

invention will be nore clearly understood fromthe

FOrnonovasge! ohd Bl AR BnddEE LS ALOK Aot b crae ofa

conne ion"wt he acconmpanyl ng draw ngs

res[s@@OMEmBGelethestiovead aisipgrahi Mrmﬁn@cxmﬁgr(gmyamcgdm the state of
contact random access. nepory (PCRAM devi ce; 8

resgsjIys MSMOLSGRICRLVAE SEnOH qyr:rrer@gfarraﬁ@gmrrrerrsmg thc mcmory

clefRApOnent s of the PCRAM device of FIG 1 in
sinmplified block diagramform [0009] FIG 2B is a
schematic circuit diagram show ng conponents of FIG
2A in grater BRIE DESORIPOION GF THE DRAWINGS di agram
for signals provided by the clock/control circuit in

FI G d 4 shows | taI roceSS|

syst eﬁL%On ?Er p%t?cg% h%r hes amres an(:(iiea\%/1v %:5 1 g %Ll be
ma2X elﬂﬁﬂya:ﬁr)dcﬁfb@cﬂfrﬁih%c @cﬁlld“H ﬁétﬁﬁ&i’ﬂcstrﬁb@ﬂx Whikh is provndcd in

DETAI LED. DESCRI PTI ON OF THEgl NVENTI ON | 0012] Menory

comecon ydBhe AccomPRBEDS drrviings, iewhiskance of material s
in response to a progranmmng (witing or erasi ng)

volta O@r7|] CUEIE N shBOA 9 RS ?éat[grggxlam%ablg nma&e

non-vol ati Fe nenories. Sone o resi st oWaccess
medrg (PAGRAM)) deeichj bit changes in viability i f read
repeatedly due to a small current being applied

repeat [%%lO%]t %G, 2A shows an AC sensing circuit and other components of the
PCRAM device of FIG. 1 in simplified block diagram form;

[0009] FIG. 2B is a schematic circuit diagram showing components of FIG.
2A in grater detail;

[0010] FIG. 3 is a timing diagram for signals provided by the clock/control
circuit in FIG. 2B; and |

[0011] FIG. 4 shows a digital processing system incorporating a memory

device according to an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0012] Memory bits based on changes in the resistance of materials in
response to a programming (writing or erasing) voltage or current hold a great deal of
promise for non-volatile memories. Some of these resistive memory bits (mbits) exhibit

changes in viability if read repeatedly due to a small current being applied repeatedly to
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2 WO 2005/ 036557 PCTI US2004/ 032884 sense/read the
device. As it loses viability, the nenory bit is not
so easily programmed or erased and nay even renmain in
' ate. [0013] Resistive nmenory bits can be
ﬁgggﬁggmgé resistors. In a conventional diretGT/US2004/032884
current (DC) reading/sensing circuit, a current is
applled to the nenory bit and a voltage i s nmeasured
serse/ gad gl dayisei Asaplobeseinbilpy tthe nremary Yichi ho®gdtkadlly programmed or

measur ed 0014] FIG 1 shows a portion of
cn%g%%ﬁ£&f%e&?€§”ﬁnﬁpdgl Q% ‘array 9 of resistive
menory cells (nmenory blts) arranged at the

i nt er SEO134N Résitivk wiBinbry BRS c{bd mol '
20a- 20[d ar?g rovsll i nes (vvord |CI nesr)nolglg&%é F@s;géo"rs IhQ‘?:éﬁvcnmnaJ

dirgeicfiurienh( DGy Feagling,/ s¢q§g1gbp@§glt@e¢urphatsapbh¢tb® tﬁﬂmcr&ﬁ? bit and a

vol s REERL BPL e SEITANEE AP el rcssrea

10a and 10b are shown. Menory cell 10a is addressed
by r ovNQlH:é 15153 anshaksgi for26D o BNHCRAIM RleAt ihdln2 2P array 9 of

cell bis ddressed by row line 15¢c and | i ne
rc“’?ﬁ‘ﬁ"‘ ﬂ%@ﬁﬂf L R ) 1‘%?@& apgst A abhintersdctign ofrolagodies (bit
link /@R ﬁ;ceyz@asz@@qn@r U AAEAWIRPLifes) £51 $5ANTE  SETENL .

connected in series tmee
inchedes ptliptage lingse2222p2b R2c dnumedaﬁbccaft@p&alvﬂp knadhebit KR 20a, 20b,
2022b 2@; simlarly connected to all cells in the sane
88?% 'of array 9. In the follow ng discussion, the
exenpl ary enbodi nents of the present invention are

descrifoedspi thwbekempRELmERBXRIP G Ihd BIPLY sh M
cell' 10a. F%016] I n accordan§é§MAth an exenpf Ovn emory cel

10a prrddresssAtbytraw lHlfCe]SiLbrFtﬂdl qhg:e A0b end cellpiate line23b.20ema2Pbell 10b is
dt AC
B0 400 201o 18 0¥ A0R ) P RESRRTHL L5l e
trahiisr 224ndn ﬂrc%Ba:ﬁmawcﬁ’ﬂs&fﬂte rclcﬁﬁﬂtf 8p rcb@ﬁ-&aed&?l{ﬁ@n@é’é%&@ccn bit
a eral Clircultr cou a be
ling ﬂb‘éé‘?‘gf“i‘@fjﬁ%ﬂ'& EPhgheling 2R rchaclag an A2 ak pimilarly connected to
all 9818 B co Qb HImi bBsusfo SHOUR Bbig TRLAMA SHRSLIBRL,

he AC sensing cir
cmbodlmcnts of the present invention are described with reference to exemplary memory

cell'10a.

[0016] In accordance with an exemplary embodiment the present invention,
bit lines 20a, 20b, 20c and 20d are each connected to a respective AC sensing circuit 35
and may be implemented as shown in FIGs. 2A and 2B or with other appropriate
components. Array 9 and the pcriphcral circuitry could all be integrated in a single

integrated circuit, if desired.

[0017] FIG. 2A shows an exemplary embodiment of the AC sensing circuit
35 in simplified block diagram form together with other components of memory device 8.
AC sensing circuit 35 includes switching circuit 110 and comparison circuit 115. Memory

device 8 also includes a clock/control circuit 105 coupled to memory element 10a through
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35 in sinplified block diagramformtogether wth

ot her conponents of nenory device 8.  AC sensing
circuit 35 includes switching circuit 110 and
conmparison circuit 115. Menory device 8 also includes
a clock/control circuit 105 coupled to nenory el enent
10a through 3 word line 15b and further coupled to

wow figi $19. G ' ., Jhe.menory cell 10a is al so

coupi ed t%ﬂﬁ"gﬁ{g&nc#&%dnté’ S&?trrgg‘lﬁ'ﬁgt 1r£41 1 Ay ‘Shgmebiory tdlrkDa is also
c@gtecamocthe evirphiag €irtiiin el RaPou &00; ack/ contr ol
circuit 105 recgi ves a souer)%ée gﬁ%gléﬁzgiggagnglcg@ﬁc E%Ig%-

provi d(@ g Eel,b%l ate count signal 135 and a bit count

si gnal [9868{ 0 R dled/agneslcamgit 103 Geceivel 06kireOabEOdional 120 and
hvldeyh tebPR. rovigdes a signal on word |ine 15b:

P Lgow] grl%’e s?éﬁ% Spgélﬁy%ar T3 ﬁ‘é%i‘sfbt stehat b3@raysvdtabing circuit 110,
Creslvieqnueékirc di0R0RAie pidveles 2 §i2hhiSor Wold i SPIE ' OW. The

signal on each row s word line functions as 'a control

si gnal ontrol when the sensing operation is
per f or m@l?gr n];hcl sigria] ¢ word kel ploivrediki dly NEhE O 18a and other

JIOW Sie\Whd 4N on_transj stor 25 of each cell,
- provi di ng a %ogggg{gﬁéeonpcgflh O S{R5th ling Byicsioanese control signal o

cogirohwhtn 8@ seh6182 0pethfion BPREBERed BrSi l; ang . 135,
ro%y\”vchi@% circuit 110 pr_g)Si des t\/\o%ngiglgsnlgltég?oav' gmg?h pulse on a
corrp%ﬁd]' rFERS QUIFRRSIE08 25) of caglocddl, greavidihg nesndi2Bve pith through

resiftyndRQidMedc 3ot i e at  which a conparison i s nmade
between the signals, on lines 125, one signal line 122

is at the supply voltage V. and the other is at a

vol t agE083Qk  depespdsscan sigesi 80A6E 185 eI irc 18 10 provides
es

m/%ing@x Stg@r ougﬁh resi st gnge_ el ement 30 al ternat

polaar Ity “BUPFRP R 4 L o piertaito) signal HmoALR. At Gy PRnShQHEe at

whib® & o8 hdon§ €l 46 BRLA odiments o he conponents

. Shown ?n FIG 2A ‘Theelxlﬂfeﬁ i 88 ‘&WI iOf§ Sgnplliner 122 is at the
liliﬁV?#ﬁ%ﬂ@&de%lqmb@smqrnwguvsttegstmsdcﬁadseﬂtésis%keglcmntcjso. The

i09h 0 & h 1R rad3Ouf e L € ctively. Il plate line 22b an
ﬁ%i t Ilircgne gf)%&%r%c%%%%%c tﬁ‘iﬂaé% PP#?“&U@W”F%S padtopvmtion.
transi stors 45, 50 to the supply voltage V. [0022] The

cl ock/ HRrlol FEGr ZBistiowlsQhore ek de $xGEb ount e
bit  counter 65, Exclusive-or ?X&Wgﬁ%o%g% Fthe

60
“OPREOFHY A W FG 275, The utrrased stiodingscignitl 1 10Sncludes PMOS

traB8tBEsi 280 50 oaabliot B .80 and bit |ine counter
65, Cel Iplate countg}egﬁgrgagsu{)grsg\/li@egcs-?etcg"d}" Cellplate line 22b and bit
line 20b are each coupled through respective transistors 45, 50 to the supply volrage V_.

[0022] The clock/control circuit 105 includes celiplate counter 60, bit
counter 65, Exclusive-or (XOR) gate 80 and two inverters 70, 75. A source clock signal is
supplied to cellplate counter 60 and bit line counter 65. Cellplate counter 60 provides its
output to inverter 70 and XOR gate 80. Bit line counter €5 similarly provides its ourput to
inverter 75 and XOR gate 80. XOR. gate 80, in turn, modulates a signal on word line 15b,

to control when transistor 25 is turned on. Inverters 70 and 75 provide signals 135 and

130 respectively.



output to inverter 70 and XOR gate 80. Bit line
counter 65 simlarly provides its output to inverter
75 and XOR gate 80. XOR gate 80, inlt\l/JvIzn’ {mggl Iag;egra
' rd line 15b, to contro en trans
%g(g?@ls/togdrgsn\gg on. Inverters 70 and 75 provi de BiTh2pey/032884
135 and 130 respectively. 4 WO 2005/ 036557
PCT/ US2004/ 032884 [ 0023] Conparison circuit 115
i ncl udé@03Fl e Gompagison GMOB Ifl intlpieXevestc 85 @M@@%mmplcxcrs 90,

I if 100. Si gnal
% Arﬂc?trﬁ%ﬁ\g%‘? ?9‘%%%%5%?&2%??1%&%%0' Qliﬁ& 486 érond inmveansTGisapplied to
thd gaand txfaﬁs1$t6h/€$ hed t@ﬁlvc@r%al&gg#glfl gSri?&hl nvceﬁr@tfg6 Sso applied as a

al so applied as a control
coRypt ‘ilﬁfllaéf(‘é?aCQ@M% mgltipgexthe0 (ﬂﬂqsuﬂmefouwefmcr@{s 8 5 '{he output

lied to the gat
oY EREHEDES isabbEhalIE br s o S ghse 1oncdjon oy demad 135

ta il
g s i U0, B o 150

lo, frangisgar5 OIHUrUébEd@Ct-?@b\IO‘{“OOM] Li nes 122 connect bit
line 20b and cellplate line 22b to both CMOS

mul ti s The 90, 95 can

e, conbant Donal o0y THRGE EEBY Oh faipeebes 2daemboth CMEOS
muttiplekqrs B8R 5 H&VI@MGS meldpikaisal 85 cinoe &&Rf\‘.‘hnona{l four transistor

term nal s, ontrol terminals and one ouf

mqltéglm(%%cjach qaﬁgx Hing ﬁ\p;| tesraingls gm0 19§uu/\nchhuﬁac two control

S |its ut . based
tcrgﬁﬁgfignég(lﬁ?cl%%ﬁ%r&ﬁe oh ?\465 Wﬁ%ﬁc& 8(5; VWillesach select one

2 { digHa
inpsit dnoa line33 2R sas Iltswutpﬁlk/%ecﬁlggb 1@\/\‘1'1(?356 ar(l\%\%éﬁ %ﬂ%\'ﬁcﬁ%@ﬁ When

b
sishf g s RO Bl 019 8P proisahissightl A b2tiae 206
whié Mﬁ]ﬁ@ﬂ) l]zerxdEJ VM%B@E%%E&r%é QV)R?H glg% 3% B.{W 90 provides

the signal fromcellplate 22
Vedr QR JE TR P @ and M%%@i’ogdgﬂab signal rﬁrdnie B&JIp)Yaté? ebb. ADRresul,

provi des VW, as reference
MU S e e e A i PRt B sl
rdfies V3 aanecfafeptd esldge. swit ched capacitor sensing
g anpl ?’?i er 100. Swi ttghed capaci tor sensing anplifier

100 i urrent input lifier that is sensitive to
as rraIstIO%g(ﬁg unt heo‘?“tﬁl‘b@lolftkéfggMoﬁ syydtiplexersQf), 9énire aplied to

switched capacitor sensing amplifier 100. Switched capacitor sensing amplifier 100 is a
current input amplifier that is sensitive to a small amount of positive or negative current at
its terminals and compares the current with a threshold. The threshold is set so that the
output of the switched capacitor sensing amplifier 100 corresponds to the logic state of a
particular memory cell connected to bit line 20b and cellplate line 22b, such as memory cell
10a. There is one switched capacitor sensing amplifier 100 per column or bit line but only

one row of cells is read at one time under control of the word lines.

[0026] FIGs. 2A and 2B depict a single cell only. A memory device has a
plurality of memory elements arranged in rows and columns. The circuit of the present

invention is intended to be adapted for a memory device. When adapted for use with a
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i'ts term nals and conpares the current with a
threshold. The threshold is set so that the output of
the switched capacitor sensing anplifier 100
s to the logic state of a particular nenory
c%gﬁgf?%%%gct ed to bit line 20b and cell pl at e RGTAS2993/p32834
such as nenory cell 10a. There is one sw tched
|tor sensin lifier 0 r colum or bit |ine
meffBRPES « SHBE BB icuteiSispd BBt st Spmomien sechuemlrselection
log&%ﬁra@&csﬁcﬁcvlclaﬁ R fsHowh N G%ar ik 08RO LER - 45
depict a single cell o)rq1 ly. A msrmry%de\}si%ﬂ:‘tﬁl glcg XOR gate
beipg GIIP@IlCIdth ‘ﬁ@f drieoiogodd aresittys Mmtlnaln gedntus alt@maﬁnagc ously stacked

ircuit of the pres i nvention is
in 0B S BRI of Coteea PHaE golupicrenc opeat couaers per
chiﬁ.@ﬁﬂﬁ@r bBE coriBari¥oh Rirduit per\V¥BIZRD oURORDL
PCT/ US2004/ 032884 rrem)rg ' devi ce, Oa Si ngvama i 'ic switching
circgitpeqild advgniageenstyorave additiowl lmtﬂthanS fod dis¢ winh almcmory device.
sel ect| on logic and access devices (not shovvn) That

ief]abl g %(aqv\g‘?g I'S 1ssa algxm(’gotg%gp%l%?fgﬁ ?lgnalsgta Icfrflblft 285 in FIG. 2B.

Traneistot 25 & ar \ehadmrstg&@b@usrbsd Bﬁ@m‘tﬁgocs hipH, mﬁtﬁcoﬂi‘st instance that
di rsg‘éﬁg?wth one set of counters for each colum or

the gy seesuigr s liplate coung pgnabil &P isdiiply andbie count signal 130 is
lowC e,ady.

R e G T
lowaahdi it covak mgmﬂthS}ﬁhehghSTh@l‘cad sgclay thiis ﬂtcBﬂﬁﬁ@Wth@ WeeBon of the

7] EIG i m ng dlagramfor signals from
C‘“Bﬁ g‘HJPngiE?SISﬁ&HC i“géwam% 5&5@%&%3& DBy, fecurrbnradyics the
altePhAig!cuRBn RSk sliteh HORp ARS8 S séHs éﬂ‘lﬁ&“ g f)rroéfd]cs ?output bit.

i nstance that the word I i ne 15
It showldtbe sungnaltOOdf:tEau the mlgipnalm@ l:l@mreemxba bit sr;gmzdlgnla&(hdl ghe cellplate

s ce at word |ine 15b goes
coufgxgmﬁnal 185G é:%ﬁ;f‘lg{ %a&ﬂ-mrﬁ arg ; %lﬁ'él oc éganﬁgonq& %?.Elmg edges)
ftﬁ@bﬁtc shiasalal 130 fdrseattl s
° al terﬁat e I1n_the ofl ﬁec | 0?1 of St hgg(cur rgﬁtﬁwé %fl% of the

cellplats coughtignadd 35 cdmphisi Besclinlate gpuntisighal Tafne ey (input ) clock signal
I rnat.in nt, before
dlv@&{i ?g %8 the ﬁ? I‘E{)ﬁ:ﬁé s?shr% P% 1s%c ?10%1( Q%SH‘%PEW 2d es t he
output bit. It shoul d be under stood that the
rel at i[0628] p XE2R geerBOt (ﬂFéGbZB) emum; tisitghadigmal dntvWied line signal
count si gnal 3:1 and that there

154558 Rt IR Ot $87al 3% T Sk DF it oM a0 i low
or When! (A8 caloptlate OLM e s%rﬂf‘?icﬁ %%?vfax% tt?e ps(ﬂ\%ft sigﬁz.[ 130 is high. When

transiti r|S|ng an |nge e
signal 135 is low and word line 15b is high, current flows from transistor 45 through

resistive element 30 and CMOS multiplexer 95 to switched capacitor sensing amplifier 100.
When signal 130 is low and word line 15b is high, current flows from transistor 50 through

resistive clement 30 and CMOS multiplexer 90 to switched capacitor sensing amplifier 100.

[0029] Among the advantages of employing AC sensing for resistive memory
cells is prolonging the viability of the memory cells of a memory device. Reading the state



cell pl ate count signal 135. That is, the cellplate

count signal 135 is the (input) clock signal divided

by 6 and the bit count signal 130 is the clock signa

| V] 2. [0028] XOR gate 80 (FIG 2B) ensures

9“%%S§%%g%ignal on word line signal 15b is HCGHSHen32884

the cellplate count signal 135 is high and the bit

count signal 130 is low or when the cellplate count
of 8 gnmky didihenty/ ckbwithiitlC tegdsioter-peaprimmignak pAaQlly Srasing the

hi gh. When signal 135 is low and word line 15b is
meRlghele@ER ent 1 ows fromtransistor 45 through

resistive elenment 30 and CMOS mul tipl exer 95 to

switc pag i IHeE - ! ' :

130 1 4o A s I ER ek Brschlit b TSGR Bliscors bus
mafy pbmbt iaplsirented Gihg INMG) transiseis SThe/eonetalnimtals3fe desdribed as

| tiplexer 90 to switched,capacitor sensin .
cloghaerd b BEE PG StaRoh s A LG DA gesagRoiadchship one to the
OUIREPTIRYE shrASE sHRARS g bleF akPSitRt Ford SEERIYSNsEiB!shIohSas they

prolonging the viability of the nenory cells of a
funveno pyddgevhakherfls adicontrolinaerspataellGando 236 AABESHTS in the

PCTI US2004/ 032884 f. | [cell with AC
S RGPS S kb OO kG O PCIEIT e SOPAH TGRS of the

prdfB{THnabE R tbe &r%%g%&twm REAMal BMBBhe AR MRk dR88Rcther
descri bed using P transi stors but nhay al so be

cirgipiodapp aedrereqrgitoNvissianalifyss seplementtddF@oenarmgile, the inverters of

sign ar.e ribed as c k.signal s wi.th.which the
SR Bpl i ABE R oSS P Bt i el

mul@platerOsriht Bo@Peridon cirb@t nay ARG be THEGEreD PhartQdf the gRiddtling circuit.
may be of any other formor relationship so |ong as

they function as described herein to control nenory )
cells L—Qﬁélﬁo e & Ypstrsssepsremplnt dattal gpeespinggystem 500 which

ha€ldnGiidents HOR (&QRI{0l m@xinf)ﬁ“actvicc%v@ntx B'ﬁﬁg d5 b&HIde GRMie 35 of the
conparison circults of the present 1nvention ﬁ%y be

présopl isveatioe dissioséd abmde v chralectompishéhés 1By dihe tpoocessing system

nother circuit so |on s the,requisjte

0] GRUETEREF PE SRS PRFEISGHEN S8 PRGES AP E: 5Pfe A memory controller

500 K& hpBikrfarPbus 5‘#@%&5@_ drOhls6 L& €pld toRY 1QR1 6P S0EE TR processing
part of the switching circuit.” The inverters and _

systerh 600 ney éndudd muitiple mapan eovradlicrs G0tande\pr ahwtplgegprimary bus

G B oGP s s
intePftedhs GRingle device 506.

[0032] The memory controller 502 is also coupled to one or more memory
buses 507. Each memory bus accepts memory components 508, which include at least one
memory device 8 that includes sensing circuit 35. Each of the memory components 508
may be a memory card or a memory module. Examples of memory modules include single
inline memory modules (SIMMs) and dual inline memory modules (DIMMs). The
memory components 508 may include one or more additional devices. The memory
controller 502 may 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
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has conmponents 508 utilizing a nenory device 8
enpl oying the sensing circuit 35 of the present
i nvention disclosed above in connection with FlGs.

Woh0098%8sspr ocessi ng system 500 includes one or nore
processors 501 coupled to a local bus 504. APf&fH57qp4/032884

controller 502 and a primary bus bridge 503 are al so
coupled to the | ocal bus 504. The processing system

cxsoplenpipcesners §0& nmylasopheudecamhy eI WaIcH HR2AY Qhhe
mgul%ighﬁcgrinar% b%§ bri dges 503. The nenory
cONPY SIPEPSoD AT 100 1S HITRECGESHOE St R (50 Bluntey pdripherals or
confibe@s FhRH 88 bds Bhdddth ' £ 00321 The nenory
control ler 502 is a|5§f§§§gﬁ§33?§dg%§ﬂgp FCREADRYA), the
MypeE $osuvler EAZImayEmplomb s caceephsrcFRIDEYoeSIMIP &%ﬁﬁ%mo ry
' at

' Lch i ncl ud t | t d 8t
colti s 02 Lo ML SsncraIbuens F0 exemomeory bus 507 may
be &PBREIISA ParadOB or A% rdie a@dr@&r@%%cls %ﬁgl%co{nag%cr%ﬁ%ﬁ%i&gcnt memory

nodul e. anples of nmenory no es’inc
bupas|507e menory nodul es (SI Mvs) and dual inline nenory
nodul es (DI Mvs). The nenory conponents 508 nay

i nclu e_addi ti.gnal devi ces. The nenory
contr gﬂOg)r%?Sggh y A gbélsﬁ?é‘%g%é Bf éscfoﬁfj st Heashenopsripheral bus
5180V aridized avived) 8u L8 eYiph&als BB % ddiB8ndl I'i:ﬁxsqmcbé\c;,i ﬁxgib %gtcﬁlel?lcd to the

%ggpré ig t he processing system Alternati
PeriRirral ©us 519y Thespdeypesnassshimc RETIYS2001+ARP S8, 2 miscellancous

- 3 01 | so.i.nclude cache
1/ OXRTRL 814 P QEGRBAL B BTN 80 R oo 116, end mdegacy
devienpreyfabd520.1 Thé $3idee 5 j d .

SO 1 AR AL X RS W g more v

eri pheral s or
P “’%ﬁ?%ﬁ‘gg PSRt N2Ec tin pevmopalaoowater( Bixamiphe thaspBialpurpose
o e i h her ency. .
po MERObd @l RO 1TBY GIEPlynﬁpﬁgrtt AGHISIELGS cl%glp f’yR)lglé gesfgrmance

_protocol. If the nmeno cont'r ol Ier
vidgo gird talthe grogéssimemprym508es 507, each nenory bus 507
may be operated in parallel, or different address

range b ed to diff nt nenory buses 507.
| [0 Oig% 3]5\[ O%é] p?{%rrg s?@ra%%goxﬁqﬂabgigs%ugl%s RHUPT BAre Yopse devices 513,
via h eagigedie el tptemRliphits bur ¥l 0. YAF E)Q%ggg,eﬁrr’g;s%irégg ggnr}_rollcr 511

as peripherals or additional bus bri
may g%,sgé?g@,nqwgr and storage devices 513 may be SCSI discs. The I/0 device 514
may be any sort of peripheral. For example, the I/0 device 514 may be a local area
network interface, such as an Ethernet card. The secondary bus bridge may be used to
interface additional devices via another bus to the processing system. For example, the
secondary bus bridge may be an universal serial port (USB) controller used to couple USB
devices 517 via to the processing system 500. The multimedia processor 518 may be a
sound card, a video capture card, or any other type of media interface, which may also be
coupled to one additional devices such as speakers 519. The legacy device interface 520 is

used to couple legacy devices 521, for example, older styled keyboards and mice, to the

processing system 500.



peri pheral bus 510. These devices may include a

storage controller 511, a m scellaneous |[|/0O device

514, a secondary bus bridge 515, a multinedi a

processor 518, and a | egacy device interface 520. The

primary bus bridge 503 may al so coupled to one or nore

speci al purpose high speed ports 522. In a persona

conput [@p35fjor TR Le, the spe '%& purpose port m ght

be t he Acéglerat E?gﬁﬁ?@gng8§b ieied inddE. tos onlyphexemplary
Prefessingsypemfvatmwhing thy ifleRri6alHatt Be 1 essing. ’
pm§¥§B$Qh5oo't 0034]. Thelstorageaco%tggfﬁ&ﬁﬁ%ﬁﬁbcgébpggmsa

one or Horest GPageliveitblesfos 1 Fenesl pugosd %fﬁgﬁgp,%ch as 2

peldial cé@ptReoPLiophelal bus 5 For exanpl e,
sé or ; e contr ol(vioglpg %é‘ff’ “r?éf? u&‘gb%r%PlZé@ thatordldmeantmodificarions
canspomagretcdeviiges thi droysihes36sh 5o The 1/0 devi ce .
Va:%!ﬁ ¢ /TRy be any sort of pe?“i pherbg):o.% or V8% WYr suitgiie for use in a
O’ eV €& 81 4" thefrapiplea magtyatlcarasc detivrtkad b grd g&gcssmg may
be Bnsibméase@fsikb N8 d._The secondary bus bridge may
o€ usgd_;tgoﬂglgnter gi:%@%%&tﬁcoﬁ:ﬁ% “‘3’6@%@&%@0&@9@ to memory
BRRcpE 30te Iresrdsaingc ayEE@Mnaf o gxa the . o
pro &%% Qg&ycbgqs bri dge may be agfuﬁi%r’ gg# %é‘ﬂtgfr_u[ffﬁlrtf) audio/video
?u ? cont P81 e PAREEF ner lebupialusievisevk e esirdd br Wik less

telepbofidd en RGBS S Th | tinedi a processor
G]i%s may _bgg a sogﬁgﬁgg%gg}%ﬁrasega%gﬁ“uﬁhé geha posirioming system
(Glov et exiperciek navighiian), nherigies, cawhek 8RRy, ALBRIRE The
mo%yﬂo@ﬁr&aﬁi&ﬁ‘@dnag%i“ onal devices such” as spea e'rjg
) 5109. e I egacy” H&VTE@P CnFEFF%‘tt@fBin)mrsccsmdoﬁ@oncms, addition
of sponpghked Hagee vr desiige ¥ anpl | der styl ed
keyboards and ni ce, ’%ﬁ%%én&%?%tggés@a "‘?3“9(% IS 8
[0035i The processing system500 illustrated in FIG 4
is ontP e%lff&?@pdﬂpﬁ@@eﬁ&mgﬂ&mﬁbﬁmw bW GibelNg the
illustrates a

illustraN G A0 k&b G
e, TBMhoRR] YS ﬁgdcré@gosetgﬁlégcfﬁ YGicKFeBPiant off tha invention and

processingdarchitecture es

are y¥riervglcopudpod es ming 6Vhils 46O pASed inh al .conputer ..

cern@lof® stati orlgﬂ.i t a_goul d be_Pr ef:pglﬁi i%%{]hagtbcﬂn‘ﬁiiscrll;cc{m
nown  rrodr it BRkted tretpdyragiepnisalrlons, fgteeantible, magneric

resigiive ¢ astvint 8c SYSHER ﬁ [kgrlﬂ r uitaple for use
. in.a. variety of a plicati gﬁ]@%i&k [egistk@mgmory circuits
n which signals are genged as diffesent leyglsi rAedditi axse deletichs®bstiRBons, and
othelr TR EHE! ' sinpler architecture that relies

én ‘a Cpﬁbﬁgiﬁlg%g]u%fl@%wp l}{éiﬁg@ryng from the spirit or scope of the
present invention. Accordingly, the invention is not to be considered as limited by the

foregoing description but is only limited by the scope of the appended claims.



conmponents 508. These el ectronic devices may incl ude,
but are not limted to audi o/video processors |AQ8D WISE
recorders, gam ng consoles, digital television sets,
WO Rok/QEkss el ess  tel ephones, navi gati on deyi
(i ncludi ng systens based on the gl obal posit*gﬁﬁﬁgmmnm&‘
system (GPS) and/or inertial navigation), and digital
cameras and/ or recorders. di fications nay
i nclude, for exanple, eliniﬂggygg of unnecessary
conponents, addition of specialized devices or
ci r cuMilmy isatiudvhed ab ndvegindtdesipedodo e grotdeadd BT Ofers Patent of the
U dgﬁ'ces._[0036] VWi | e enbodi nents of the i'nvention
W& 58En described in the illustrations above, it
shoul d be understood that these are exenplary of the
I nventli 8n @psandfe: RekinkQ 108icGRRSbELERA | L BSine:
Wil e the present inven?ionghas been deé%ff%%gb%ﬁﬁgng
terms of PCRAM it is not limted thereto but is
appl i cabFeER) ClICBit PER RIS canfighaignd to saidinstmory elinalivinontrol
igAF CERSIIERDR ;Nﬁﬁ ther resistive nmenory
mgcircwts I n %ﬁlc g%ﬁg ° §%§%§ghsed at different
| evel s. Additions, deletions, substitutions, and
ot her noevi¢hiag Fionst den rgreivenad ecliplarh cettntdippal iddgbit koMt signal

. I kit or .scope of . the .present.ipvention. o
roR 8 PRI R ERR B T Aot cun e EonoRas elolas ine igna
andlai bit leckigial frbm saf Omegirhdeld %&iﬁrsbv&t:lin'gg cRblic ook o %st output

limted by the scope of the appended clains. 9 LLCOY
a5y 2 sapp b OSPYSEEEY, PUTrUSe0049] BBDBEYoupLAiBal Mhd tsaiil second

S1
[ : Sir tgq be.protected by. Letters.

o RS % AP 0E Sl 3 b Br B RR LB putiene! st sccond
outp@rgnabal@rhn¢i lainidtiotach sBRIBY Ypéiflidn; a6@NMPr i Sing: a

control circuit providing a control signal to said

menory cell, said.control . si | controlling when

Sai d MeRBPYPEEPP JEUE SREMIS AT 60 H5ORT. PELi: SteRal and
outp@Gap Y enal wetchpifigy €0t logic3had offth AeRicky EQUNt

signal provided by said control circuit, said

switc i?g circuit further receiving a cellplate |ine
si gnaft- 1He apparatus according to claim 1, wherein said control circuit comprises:

a cellplate counter that produces said cellplate count signal;
a digit counter that produces said bit count signal; and
an exclusive-or (XOR) gate that produces said control signal.
3. The apparatus according to claim 2, wherein said control circuit comprises:

a first inverter for receiving said cellplate count and producing an inverted
cellplate count signal and applying said inverted celiplate count signal to said switching

circuit; - and

10



and a bit line signal fromsaid menory cell, said
switching circuit producing a first output signglp @t
a second out put signal, wherein one of said first
oud ud/0384sgnal and sai d second output signal is at a
supply voltage and the other of said first odfpp2004/032884
signal and said second output signal alternates

pol arit ' nsi ng. operat.i on; and conpari son

G aui ¢ 4ol PR A PR i el ke ied 30

invarred binutbpubigicabaed Srdyiag s6QinRsRaM RAnt Qekd1®o b8 Gitching
. State of said nenory cell. 2. The apparatus accordi ng

claiml, wherein said control circuit conprises: a
cell plate counter that produces said cellplate count
si gnali; The 8hBhtarGsorbd Blinel 3 2iR] PAMES S SAUL Rk GQUAL .
si gnal ; andpgn excl usi vegE or (XOR) gat e§t %Pmﬁfrdsc?ﬁlccérscmt further
COmpaSer: control signal. 3. The apparatus according to
claim2, wherein said control circuit conprises:

a
first i s Lving.said cellplate count and
pr oduci e v @ [rREatg Bid P T it faftaigaal sn
prodpmgyimigveraid sigheier t ed cel | pl ate count signal to said

switching circuit; and 10 LLOYD WSE WD 2005/ 036557

PCT/ US20 Agé 0321 814 a second. i nvecgter for receiving said

bit couht™sYAEP ARYp S G QiRverter dpradpash invertadrmeliplate
coufit ggral, saiddirapehipufdigial shd AYVEELBHd Blin$Q j i

said swi tching ﬁp_léli rgui t. 4. The appa&)at ufgﬂglég%(?g%kén %Plcxcr
progyciign drird pait sigsali d conpari son circuit further

conprises: a third inverter for receiving said

i nverte j d r oduci,ng. an
i nvert e% chuglé‘lﬁgf‘ é&%k?(lgg%% r‘%ﬁ%f@gﬁ c‘g%cfmg%a&’eﬁq\fﬁﬂﬁcm‘i cellplate
cougdighal, said firgdostipgnsignalsaidisal distebhd dugai kighat &id §E‘§HH& multiplexer

ignal, said first qutput signal, and said secon
P ro%ﬁ%ﬁﬁ fog f%noa'\"f tPug 5’1gag'f ?“f‘)cgt nul ti pl exer
a switched capacitor sensing amplifier for selecting one of said first output

signal and said second output signal, said selected one of said first output signal and said

second output signal corresponding to said logic state of said memory cell.

5. The apparatus according to claim 1, wherein said comparison circuit
comprises a switched capacitor sensing amplifier for selecting one of said first output signal
and said second output signal, said selected one of said first output signal and said second

output signal corresponding to the logic state of said memory cell.
6. The apparatus according to claim 1, wherein said switching circuit comprises:

a first inverter for receiving said cellplate count and producing an inverted
cellplate count signal and applying said inverted cellplate count signal to said switching

circuit;

11



producing a third output signal; a second nultiplexer

for receiving said inverted signal, said inverted

cellplate count signal, said first output signal n

sai d second output signal, said second multipl exebLOYDWISE

producing a fourth output signal; and a swtched

capacitor sensing anplifier for selecting one of said

first outpyonsi . I econd out put signal, .
said sel ect ednorrl{g,@%%l %g?%%ﬂl?%?mggftpcﬁ{m% igeh A REPdyiging an
ngeeshbitsatputigsil gndbkpigingssbndend: bi0 cs@i didnQGioCa st Rifhing
dﬁphsa'd menory cell. 5. The apparatus according to

clafm 1, wherein said conparison circuit conprises a

swit ched capacitor sensing anplifier for selecting one

of said fd tisid QUErpdito Sie8fidin inS& d out put

signal , said sel ected one oﬁ”gg?ﬁég?ggéﬁgﬁgﬁﬁFnégéﬂ%ﬁnd
Pradirisgidg BeeHsisslit put si gnal corresponding to the

| ogic state of said nenory cell. 6. The apparatus

accordi ng & ; _ I, i.d swi t.ching circuit

conpri ses: Bgﬁifu?\!};g?t:&lr ﬁ%rgécg{( zsr%drué‘(’:céﬁc\(}isig&ﬂs Sqyinverted celiplate
CopBt $iginak eaid dusttouamt spgral uad ngidaeco Vet eokig e shipl B Emultiplexer
ngg&pto%h%ﬂ%l and a 'yiQ? said inverted cellpl ate

count esi ghal "B M 4 5sWe ching circuit; 11 LLOYD W SE

a second inverter for receiving said bit count signa

and pr oducicagndmuiltiblerdr gt fickiy {d isd lsi idi -

appl.yi ng said invé??ed bi t cou%%Hgﬁdﬁg?E?gqggggndu“mHRdCd@h“
C%‘&ED VER~N Rid dryt Qurput:sighal, lshe draidrsgeortdesuthur sigret, ahidi sagond

In@ﬁbﬂﬂ&Pﬁﬁﬁﬁﬁﬂgffhgﬂkﬂ&ﬁ?ﬁPﬁntﬂsignal and producing an

i nverted sign iTs nug?lplexer for receiving
said inverted signal, said inverted cellplate count
si gnal ,7-aireistive stenmuyy pelt caringrisihg: and sai d second
output signal, said first nultiplexer producing a

third output sionale.a0d. ond mul ti.plexer faor
recei ving sa?%mﬁnvef?e Si %gtfﬂgg?awpﬁg%g?%aand
cellplate '

a first connection and a second connection to first and second sensing lines

respectively, said memory element being connected in series between said first connection
and said second connection and capable of conducting sensing current alternately from said

first sensing line to said second sensing line and from said second sensing line to said first

sensing line.

8. The resistive memory cell according to claim 7, wherein said memory

element is a programmable contact random access memory (PCRAM) element.

9. The resistive memory cell according to claim 7, further comprising a
switching element connected in series with said memory element that controls sensing of

said memory element.

10. A sensing circuit for resistive memory cells, comprising:

12



count signal, said first output signal, and said

second out put signal, said second nultiplexerLLOYDV\’lSE

producing a fourth output signal. 7. A resistive

RO RoYefse,l conprising: a menory el ement havi

| east tmo7resistive states; and a first conné@%ﬂ%%mgﬁ8”4

a second connection to first and second sensing |ines

respectively, said menory el ement being connected in

seri es bBisiaad sewind sensieg linesrhssreanovhickaprg coanertede orthory

connect.i on_Aan pabl e of conducting sensing current
cleRA FRLP LRy R sHBRER e Merki S NG Tine 1o sai ¢

second sensing line and fromsaid second sensing |ine

to said $wikdiing aeustirynthat prowideS senbing cqueishsthrveghmdranymory

cell according to claim?7, wherein said, nmenory. : ,
CICQPCé‘ﬁéﬁTf“?‘§PYafg‘b‘P6§‘Péjﬁﬁ‘a‘EP5é“?cb?ﬁ Bocpid SRefShicABRBLE fadop ssid
secORERAMIn £1i8 RN aid Brst IRGing Gk Skidve menory cell

according to claim?7, further conprising a swtching

el ement connected in series with said nenory el enent
that conPRBIE CSEHEY faptgecciveniai sRRRDEFLBFRIMES, in rEgporAe, provides

. I e !
wn SRS MotL Eelilog Rt St 0 it grens
PCT/ US2004/ 032884 first and second sensing |lines
bet weéh. Mmehogrdevosroeprigdga nmenory el enment havi ng
at |l east two resistive nenory states; swtching
circuitr %ggt R&ovideglsensing current through the
menory el enen aFF@Pﬁé?%Iy fromsaid first sensing
line to said second sensing line and fromsaid second
sensi ng hiceléplire lisakcdminarstcrase sad Agay ofresmandeetisitapdt
circuitry that receives said sensing current and, in
response rovide an.out put signal indicating a .
oo ot ante RS By B0 Bk SHERE pah PSS e A i
apSl@ s e ofpRsihiESi NQ:

first and second sensing lines between which are connected to a

memory element having at least two resistive memory states;

switching circuitry that provides sensing current through the memory
element alternately from said first sensing line to said second sensing line and from said

second sensing line to said first sensing line; and

output circuitry that receives said sensing current and, in response,

provides an output signal indicating a resistance state of said memory element.
12. A processing system, comprising:
a processor; and

a memory device coupled to said processor via a bus, said memory device

comprising:

.13



an array of menory cells; a cellplate |Iine comon
across said array of menory cells; and an appatb®UsWISE
for sensing a logic state of one of said nenory cells,
20 thos/egessar at us conprising: first and second !
li nes between which are connected to a rrermrP;ﬁgfsé?‘?g/ﬂ%zss“
having at |east two resistive nenory states; sw tching
circuitry that provié]‘(}es sensing current through the
nmemory el enerft® HF S MY ctlisom said first sensing
line to said second sensing line and fromsaid second
sensing |ine taceHplagk fder I ;ne; apd out pu
circuitry that regei ves %&%&ggﬁggﬁgag&a}'@gwcg}? ,“it“ﬁ’ and
response, provides an output signal indicating a
resi stance st &PePBRABHiITRr s¥B¥0E 7 legiesteitof ob2 of Aid memory cells, said
awa@gggscgdrﬁlg}iﬁygstem conprising: a processor; and a
nmenory devi ce coupled to said processor via a bus,
said nmenory device conprising: 13 LLOYD WSE WO
2005/ 036557 PCT] USBODMEO2G3 carviag s s o
a | ne common
mr%ercr)or}?f/le@g ﬁe}éa,vgna%}acﬁg t PSRRI PYSEteS ng a | ogi ¢
state of one of said nenory cells, said apparatus
conprising: first smdclsecandisenst BSvld fgt
m\/\Ar}lioch are connect e? am%armr y@}g.l err_gnt dﬁg\%%ﬁlggépﬁ?rgta%lfough the
EWO r BEPER VETEHRS AP s Brst Seqping ding hysaid secund sepsingaine and from
saftf @UoatPEnSARSinB Yo SHA HRkedsNpQHAN 4 1€ MenDry el ement
alternately fromsaid first sensing line to said
second sensing line and from
output circuitry that receives said sensing current and, in

onnected a

response, provides an output signal indicating a resistance state of said memory element.

13. An integrated circuit comprising:
a memory device, said memory device comprising:
an array of memory cells,
a cellplate line common across said array of memory cells, and

an apparatus for sensing a logic state of one of said memory cells, said

apparatus comprising;:

first and second sensing lines between which are connected a

memory clement having at least two resistive memory states;

switching circuitry that provides sensing current through the
memory element alternately from said first sensing line to said second sensing line and from

said second sensing line to said first sensing line; and

14



said second sensing line to said first sensing |ine;

and output circuitry that receives said sensing

current and, in response, provides an output signha

indicating a resistance state of said nenory &LONBISE

13. An integrated circuit conprising: a nenory device,

said nenory device conprising: an array of nenory

cells, a cellplat ' across said array of _

nmemory cells, andg% hggg%& 0S8 {SFVERRY 1Gs48 cpgeRe and, in
responsg, @_r@\_fldcsrv@l C_o)itpmam@ah'mﬁn:ﬁyng eréﬁsﬁarﬁalsgm Wﬁtﬁ%w element.

conprising: first and second sensing |ines between

whi ch 4are ected.a nenory el epent having at | east

Po reS AR e BRIl Elhrorgnes motory gleminat,said
methodvebdgsisignsi ng current through the nenory el enent

alternately fromsaid first sensing line to said

second sensLng |ine and from said second sensing |ine

to sai dPFRdp §“éﬁgigrfg‘rqcph%§craﬁélyma ErOviyre SEandaitqauhd opposite
dire@tibi Wrbh bHatn &GS LK AR,33RE Sensi ng current and, in

response, provides an out’put signal indicating a

resistance state of said nmenory elenment. 14. A nethod

of sensih§fsponsess sud sasgpanercot, providiag ahiotepuBEEYindicating a

&l eae k met hagd _conpri sing: providing sensing
mmcurreﬁ%cgfg%rﬁ§¥gfyapﬁ%¥first direction and a second

opposi te direction through said nenory el ement; and
i n rdSpdnsethiod fenicdsifgnogig sttt sfanhemBFEIdiRInahod comprising:
output signal indicating a resistance state of said
menory el enent. 15. A npthod for sensing a logic state
of a neﬁ%Fvugﬁi??gé%ﬁﬁfﬁﬁFﬁbﬂoebﬁ%¥?%ing: recei ving a
clock signal froma clock source;

producing a cellplate count signal;

producing an inverted cellplate count signal; and

applying said cellplate count signal, said inverted cellplate count signal, a first
signal based on a cellplate line of said memory cell, a second signal based on a bit line of

said memory cell to a comparison circuit to produce a signal corresponding to said logic

state of said memory cell.
16. The method according to claim 15, further comprising;:
producing a bit count signal; and

producing a control signal based on said cellplate count and said digit count,

said control signal applied to said memory cell to control when sensing occurs.
17. The method according to claim 16, further comprising:

producing an inverted bit count signal;



produci ng a cellplate count signal; producing an

inverted cellplate count signal:; and applying 3&PdD WISE

cell plate count signal, said inverted cellpl ate count

W@ first signal based on a cellplate line of

saigﬁ%%ﬁ%?y cell, a second signal based on a H§T{USq04/832884

of said nenory cell to a conparison circuit to

produce a sjgnal corresponding to said logic state of

sai d merfBPYBepd inyestedslplatstdenat agmabral paretod adirsti tansistor, said

3 HSENGa e 1 cihg a bit count signal;

ﬁ“iﬁg”%ﬁ%ﬁ%??ﬁgqgg%gﬁ?ﬂ%ﬁfgﬁéﬁg#&£g§ggW%ﬁ:-aid cell plate

count and said digit count, said control signa

appl i ed 2Pplysgisdidrievaregl Wet¢durt sigaains b @acenbfersceaits irikiscor, said

ceurs. 17. The nmet.hod accaording to claim 16, further
scc%%‘?r%? efgevP Ec(laota G (r)P t g5 ‘%ﬁ%‘g rpEewictlicount  si gnal ;

15 LLOYD WSE WD 2005/036557 PCT/ US2004/ 032884

appl yi ngpredicthg savefidsesdgesl dngl at e count signal to a
gate of a first transistor, said first transistor
coupled to,said cellplate |line of said nenory cell

appl yi ngTHI S ??gﬂfﬁgTdcount signal to a gate of a
second transistor, said second transistor coupled to
sai d Y4.1A pioaessinf sgatrd, FeRpHsihgeel | ; producing said
first signal; and producing said second signal. 18. A

processi ng system, conprising: a processor; and a
menory &é@?ﬁ%“%ﬁﬁﬂled to said processor via a bus,
said nmenory device conprising: an array of menory

cell's, amemory device coupled to said processor via a bus, said memory device

comprising:
an array of memory cells,
a cellplate line common across said array of memory cells, and
an apparatus for sensing a logic state of a memory cell, comprising:

a control circuit providing a control signal, said control signal

controlling when said memory cell is sensed;

a switching circuit that receives a cellplate count signal and a
bit count signal provided by said control circuit, said switching circuit further receiving a
cellplate line signal and a bit line signal from said memory cell, said switching circuit
producing a first output signal and a second output signal, wherein one of said first output
signal and said second output signal is at a supply voltage and the other of said first output

signal and said second output signal alternates polarity with each sensing operation; and

a comparison circuit receiving said first and second output

signals and outputting a signal corresponding to the logic state of said memory cell.
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a cellplate line cormon across said array of nenory
cells, and an apparatus for sensing a logic state of a

menory cell, conprising: a control circuit providing a
control signal, said control signal controlli ngOMbemsE
said nmenory cell is sensed; a switching circuit that

receives a cellplate count signal and a bit count
signal provided by said control circuit, said

switchd.ng phrappadatdstiot Ssnsingerielicistgde af a ﬁ@rﬂdﬂ/ adIe cbﬂnBﬁsmg
signal and a bit line signal fromsaid menory cel

said switching circuit producing a first output
si gnal andaaoftes @iteuiDpropding @nerbl sigk? Eesdid Alkend? colRisdid
firsﬁ out put Fkgngl an g said se ond output signal is
gentip! SigpPI PR RRYRERRYC MENSY ABTISSENSeHid first out put
signal and said second output signal alternates

olarity wiith each erati and conpar

Crrcut ¢ r oeSMIERES sERA A etR s cdPiaiOdst pRarand & Bflcount
Siggmairw@enﬂbpsﬁu@ gbrhtrongiruits sga awltcmﬁg €N MeHtheg réceivirtea cellplate

at e

ogi.c st 16 LLOYD W SE An
Sl 586 B 0B AL P g oo e B S St probucing a
fistputpst gigrial and arkedrd autputsignapaesdi di ng a contr ol
signal to said nenory cell, said control signa
controlling when said nenory cell is sensed; 5 a

swi t chi ng aicbmpbtisdrhcﬂtcurt eaiwessaid firet 4l s8oené eutplt signals and
count sai d

Buir g By fortesaaiiing (o b e dtic, MflarSER ProRuE

rece|V|ng a ceIIpIate l'ine signal and a bit line

signal . from sai d tchin C|rc

ot oduePng TS BPParALEAebeEnG AR dRcaereB akelebteut
sbrgpides: and 10 a conparison circuit receiving sal d
first and second output signals and outputting a
signal corresponding to the logic state of said nenory
cell. 20. 3kel@peaoahiestratpaddeesgpaidcalpkatercdtt sighel; ei n
said control circuit

a digit counter that produces said bit count signal; and
an exclusive-or (XOR) gate that produces said control signal.

21. The apparatus according to claim 20, wherein said control circuit

comprises:

a first inverter for receiving said cellplate count and producing an
inverted cellplate count signal and applying said inverted cellplate count signal to said

switching circuit; and

a second inverter for receiving said bit count signal and producing an
inverted bit count signal and applying said inverted bit count signal to said switching

circuit.
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15 conprises: a cellplate counter that produces said

cell plate count signal; a digit counter that produces
said bit count signal; and 20 an excl usive-or (XOR)
gate that produces said control signal. 21. The

apparatus according to claim20, wherein said ¢bAYP®ISE
circuit conprises: 25 a first inverter for receiving
said cell plate count and producing an inverted

cel | pkat e Tbeiappabtsaccadthgapplaim 2(, wleerdini saidecdnegthrison circuit

@@%ep&ﬁﬁﬁ' gunt signal to said swtching circuit; and
secon inverter for receiving said bit count

signal and producing an inverted bit count signal and

appl yi ng sgi I

e toni g Bure e 16 Bhyfid it RlelBR colgfend By sqpa and
podocidd ag inverted sigmeR1, wherein said conparison circuit
further conprises: a third inverter for receiving said

inverted cellplate count signal and 5 producing an
i nverted sB@irﬁlmulféplﬂer far reagiving$aict inverted sigealesaid inyerted
[y d e I toenid i
g?lé)%é% e&ggltsgﬂ]alﬁ r%glaeﬁrst oﬁgiugmpﬂyl %rlioea rl}%g%gng o?épgjct) %@HQI, said first
owitipiexesprgdading g ahig thlﬁtSlgrﬁihl ti pl exer producing a
third output signal; 10 a second nultiplexer for
recei ving said |nverted signal, said inverted
cel | pl ate asependmylyalexersay r@cewmgtsa@uwﬁnedﬁqmalsaldanwrted

s&lipthts 86N digRel, R fPdt PaBJut siAdIdand said second output signal, said

second multiplexer producing a fourth output signal; and

a switched capacitor sensing amplifier for selecting one of said first
output signal and said second output signal, said selected one of said first output signal

and said second output signal corresponding to said logic state of said memory cell.

23. The apparatus according to claim 19, wherein said comparison circuit
comprises a switched capacitor sensing amplifier for selecting one of said first output
signal and said second output signal, said selected one of said first output signal and

said second output signal corresponding to the logic state of said memory cell.

24, The apparatus according to claim 19, wherein said switching circuit

comprises:

a first inverter for receiving said cellplate count and producing an
inverted cellplate count signal and applying said inverted cellplate count signal to said

switching circuit;
a second inverter for receiving said bit count signal and producing an

inverted bit count signal and applying said inverted bit count signal to said switching

circuit;
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second mul ti pl exer producing a fourth output signal;

and 15 a switched capacitor sensing anplifier for

sel ecting one of said first output signal and said
second out put signal, said selected one of sai [

out put signal and said second output signal 9L6¢6ﬁASE
corresponding to said |ogic state of said nenory cell
23. The apparatus according to claim19, wherein said
conpar i sonadirddnverter 9 recaipng sa irveged tellptale capatcignar and
BR5LRG 2R IReHE or selecting one of said first
gutpdtgasFE%aFagﬁaggaid second out put signal, said

sel ected one of said first output signal and said
second out Qtst Sl CRY Wﬂﬁ% eIsp |.c state
of said rrerr_orsy ce I_.XGZ%'.Vr %%e pd;c?gﬁl%%édgéég%aﬁ’g%aﬁ%w %ﬁed
edlinlatg a@unt Gleeale paid St @uiput sighdl rapdciaicssaond RBtput signal, said first
PRIBlekeESod@ihd & Hird WSS sRinaf, receiving said

cel pléﬁgocodﬁ% aﬁg pr@gugﬁﬁggéﬁ inverted cell plate
count signal and applying said inverted cellplate

count si gnégeé&dﬁﬁblgplewférg’@g@?ngEéiﬁ%%heggigﬂgﬁgﬁigqm/ened

inverter for receiving sald ount si gna

prlBgiRFonpt signal pRid fitst QuUipHt sigralrandsiaishsgcond eutpubsignalgsaid
Setlofld !Wtﬁﬂéx%gﬁhidhci@\?lé%ur% Siplt sticjfhaﬁa' d swtching
circuit; 18 LLOYD WSE a third inverter for receiving
said inverted cellplate count signal and producing an

i nverj=d sAgmgh@y@eckéggmaygﬁ¢plexer for receiving
said inverted signal, said inverted 5 cellplate count
signal, said first output signal, and said second

out put si gaRhrrapai MembRSdells;mul ti pl exer producing a
third output signal; and a second nultiplexer for

receiving said inverted signal, said inverted

cel | pl at e gewiiat8iigddbmmdaAiadrdsh k&ild Pl R¥ ncPhd Bliis; 3R
said second out put signal, said

an apparatus for sensing a logic state of one of said memory cells, said
apparatus comprising:

first and second sensing lines between which are connected a

memory element having at least two resistive memory states,

switching circuitry that provides sensing current through the

memory element, and

output circuitry that receives said sensing current and, in
response, provides an output signal indicating a resistance state of said
memory element.

26. A processing system, comprising:

a processor; and
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10 second mnultipl exer producing a fourth output

signal. 25. A nenory device conprising: an array of
menory cells; 15 a cellplate |ine compn across said
array of nmenory cells; and an apparatus for sehEQYWiSE

| ogic state of one of said nenory cells, said

apparatus conprising: 20 first and second sensing

i nes between which are connected a nenory el enent

havi ng at beesthorywevicesogled & sakhprogessioatias bus, said memory

r | hg. el cuitry that provides sensing current
PR iR

25 nmenory el enent, and output circuitry
that receives said sensing current and, in response,

provi des an OUtBHEn%g%PﬁEn%ﬂ?&ﬁgting a resistance
el ement -

state of said nenor 0 26. A processing
system conprising: a processor; and 19 LLOYD WSE a

menory device ¢ t; ' r ' us
said nmenory de\g/ i%gbﬁgtgrjr@?i%gélnﬁbo% a;&ﬁoesz’fs%gjyg%% Oﬁe'ﬁ%nf'?/ry cells, and
cells, 5 a cellplate line common across said array of

menory cells, agg apgﬁﬁeﬁﬁ%ﬁngﬁgfa%gié st BEor 4l fmemory

state of one of sa
cells, said apparatus comprising:

first and second sensing lines between which are
connected a memory element having at least two resistive

memory states;

switching circuitry that provides sensing current through

the memory element; and
output circuitry that receives said sensing current and, in
response, provides an output signal indicating a resistance state
of said memory element.
27. An integrated circuit comprising:
a memory device, said memory device comprising:
an array of memory celis,

a cellplate line common across said array of memory cells, and

an apparatus for sensing a logic state of one of said memory

cells, said apparatus comprising:
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cells, said apparatus conprising: 10 first and second
sensing |ines between which are connected a nenory

el enent having at |least two resistive nenory states;
15 switching circuitry that provides sensing cUEOERISE
through the nenory elenment; and output circuitry that
recei ves sai d sensing current and, in response,

provi des an output signal indicating a resistance
state 20 of said neﬁnstancesemmadben§ﬂg linss tiemh@e;mahieldare

circuit conprisj - sal
devi ce conpri sih Qr%ec an ar ‘5 ft&eeﬁnrﬁ% rgsistive

cellplate |ine memy]statasoss sai d array of nenory

cells, and 30 an apparatus for sensing a logic state

of one of said nenory cells, said apparatus

conpri si ng: 20 LLOYDsWikahiing diicuidry teatgroddasransiogsurrgnt through

l'i nes bet (}(\qb%@;‘gnc ect ed a nmenory el ement
[ eas

havi ng at reS|s menory states; 5
switching circuitry phtgut @mWnydle%t rs@imsmgid:mmtcurrent and, in

through t Fé% ?yovﬂeg'g?\rbtut tﬁ@%gﬁl%@%tingiér‘égf.s{gn\éets% of said
sen t CIn T Esponse,

recei ves sai g Ing curre
provi des amegwrpelemengnal i ndicating a resistance
state of said

28. A processing system, comprising:

a processor; and

a memory device coupled to said processor via a bus, said memory

device comprising:
an array of memory cells,
a cellplate line common across said array of memory cells, and

an apparatus for sensing a logic state of a memory cell,

comprising:

a control circuit providing a control signal, said control

signal controlling when said memory cell is sensed,;

a switching circuit that receives a cellplate count signal
and a bit count signal provided by said control circuit, said
switching circuit further receiving a cellplate line signal and a bit
line signal from said memory cell, said switching circuit producing

a first output signal and a second output signal; and

21



menory elenment. 10 28. A processing system

conprising: a processor; and 15 a nenory device

coupl ed to said processor via a bus, said nenory

device conprising: an array of nenory cells, 20LEDYDWISE
cellplate line cormmon across said array of nmenory

cells, and an apparatus for sensing a logic state of

a menory cell, conprising: 25 a control circuit

provi ding a control sicgnphrisseadiduit ceteivirg said fisaand second
control ling when j [ ell. is sensed; a . .
switching cir cuﬂn%ﬁ L%gr%?ggrﬁgtgtgutgn%8|ngaﬁ§?0ére(§88?]qung to the logic
signal and a bstateofiszid segoed celir ovi ded by sai d

control circuit, said 30 switching circuit further
receiving a cellplate line signal and a bit |Iine

signal fromsaid nenory cell, said switching circuit
producing a first output signal and a second out put
signal; and 21 LLOYD WSE a conparison circuit

receiving said first and second output signals and
outputting a signal corresponding to the logic state

of said nmenory cell. 22

22



