AC SENSI NG FORA RESI STI VE MEMORY FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to

WO e®5®884592 nenory devi ces and, nore parti cul ar PET/USIN04/032884
read/ sense circuitry for progranmabl e contact random
access nenory (PCRAM devices. BACKGROUND OF THE

S LR EPOIEh e

device that is randonly accessible, can be witten and
read very qui ckl YFTHISD @R L aNVEN NI ndefinitel y
alterable, and consunes little power. Progranmmable
contact random access nenory (PCRAM technol ogy has
beer] 0i00dr]ea¥hngkescni ewentiars rajdtbeto mesistive hémsey devices and, more
. advantages, [0003] Digital nenorjes are widely used in
particglaiyy fo aFad/ seBIFpitCEIIYS @é%@&kfﬁé‘%’érﬂ%lt%ﬁﬁda% (ACEFSs memory
cessing systens. Resistive nenories store digital
(PCR‘IRWOC%NJHCF?'W in the formof bits or binary digits as
"0"s or "I"s based on the resistance of a nenory
el ement or ceBACIRERCGUNIE OFRTRIY [BEVESEICNE
configured in arrays where a resistive elenent or cell
is at the intersection of arowline (word line) and a
col Ud002Inelftdggiced tirquet dasigriers havedlwaynsarghsthe edaabad
. or sense the state of a penory cell, it is necessary
semicQRRFQISTCBIaRE vid HHACctbat aandRGY jeceatiblepganshe writregand read very
. b I AL . - ' j ' S he
quickly € B8 ARG F JRIERY WD lerah Roh b RE Finds

Progr&hSABR! con$adt $dIR decebeiRir ¢ P ETR ARTIOEYhiESbLy has b&@increasingly
read by applying a read voltage to the cell to detect

viewed heoffawigilhtizee advanhagesenory cel | and thereby,
determine the logic state of the nmenory cell. [0004]
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in thelfefh ©f BRE 8r bRk Qs ¥ar4es<1’NobaHereaR. refiSastd 6f 4 Aeemory

logic state of a PCRAM nenory elenment is difficult
elemeheoncalle Réststive memory devices are configured in arrays where a resistive element

or cell is at the intersection of a row line (word line) and a column line (digit line or bit
line). In ordér 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.



technol ogy of the PCRAM device inposes nmultiple
constraints. BRIEF SUMARY OF THE | NVENTI ON [ 0005] The
wWEe@sostssT nventi on provi des enbodi ments i n whi BOT/URE04/032884
state of a resistive nenory elenent is read using an
alternating current (AC). Reading the state of a

resistive t
over - progr a%gbwm %mm}%%ﬁt BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0006] These and ot her

f eat n t RY
B A e

resistigie sahh gty cdemenntis edadi Lssm:g" ay ildedating conasctAON Reédding He: state of a

acconpanyl ng draW| ngs, In which: [0007] FIG 1 shows a
resistige prane@ry slemenroigh Wilids @UmtRIe SryHREENY U8 HES qu;mgmy)ry
eleme tCF\’AI\/D devi ce; [0008] FIG 2A shows an AC sensing

Tcuit and other conmponents of the PCRAM devi ce of
FIG 1 in sinplified block diagramform [0009] FIG

2B is a schegRiprc DHICQUIRTTHRGATESR YR AG/BEARONENT S
of FIG 2A in grater detail; [0010] FIG 3 is atimng

di agram for signals provided by the cl ock/control
ci rcp0006h FIlase 28] odnet F430dck [anklaGvartagdsafaha idiegiibalwill be
processi ng systemincorporating a nenory device

more &E@@h{ @mﬁgrStdeaﬁowémfplé@V%rﬁkéalqﬁiedﬁscreﬁﬂqrhévlyﬁlé sarpvided in
[ nventl 0 DE@CRI PTI.ON ,OF THE | NVENTI ON
connqehgRIy! ?%;og}ptagylgg SORAHYER i n the resistance

of rraterlals in response to a progranmng (witing or

eras [(')‘@07 ]’0I Frena Gows lé@cﬁ:ﬁbn'%ﬂ" ?r@g&h%ﬁ&bl@ @8htf random access
pronm se for non-vol atile nenories.  Sonme of these

memarg PEIRAM )rdenioey bits (nbits) exhibit changes in
viability if read repeatedly due to a small current
bel ngg (Sgl i ed repeat edly taosense/read the device. As
@

Vi G 24y sharelnndbroepsing Frret A oglgprégg}go;lents of the
PC glgfa‘?cé’ s 1615%%191811@6”09 ISR dfbFAn 51 qgininalogic

[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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[0013] Resistive nenory bits can be nodel ed as
resistors. In a conventional direct current (DC
w0 e@diosgffsensi ng circuit, a current i s appli edP€DUBIDE4/032884
menory bit and a voltage is nmeasured or a voltage is
applied to the nenDry bit and a current is nmeasured.
00 FLG. n of a PCRAM devi ce.
sensey i G s, A5 Moo i, P R Bhe Gy neErd €5 hermgrgmmed or
crase®hi® nad BN 9&H Al intaNBgicnkgEsection of col umm i nes
(bit I'ines/digit |ne§ 20a-20d and row lines (word
Ilnes) 15a- | 5d. In addltlon, array 9 includes
cel | p0G1 2] | iRe&tiRe apen2@ly, biR2an dledndde¢ledpas fe3dtors. In a conventional
respectively with bit |ines 20a, 20b, 20c and 2Cd.
dlrect[ @m@} (P%o ré%élﬁgV mummw e ehirentivapphetl totheanemory bit and a
I HD éﬁ '1 d%essed by.row | ine 15b d
vo ta%f‘n‘& “b‘“iaé‘i‘ftc 2815 EHH8e éﬁ ?Ppﬂ igfl 0 T Bicssyy *’rﬁﬂ*i/%réFlFt 1§ Gpasure
i s addressed by row line 15c and line 20b. Menory
cel | GP@]ga'qu-qbslﬁﬁ%rh %Moﬁ% OPCRARE B8 vikE ARSI r% arfarray 9 of
and progranmabl e resistance el enent 30 connecte

resistive higgsodyakile @newioky bitsiear2igedad techtqrbationl dfiteldah hncs (bit
Bit line 20b and cellplate line 22b are simlarly

lines /sligin ined @ Orc2 Qe anceow émﬁéh(W(Prél lmﬁ)el %@ﬂédﬂ I@fadémcmy agay 9
g} b SIS AL SEHSSLOR 1 L EXEIRLELY nbodtent, oo,

zocahgzgaenplary menory cell 10a. [0016] I'n accordance
an exenpl ary enbodi nent the present invention,
blt Ilnes 20a, 20b, 20c and 20d are each connected to
a r efQ@L3] velwg esenplangmeimiaryicellsSHacadl bely ateesshown. Memory cell
[ Ienented as shown in FIGs. 2A and 2B or with other

10a isgsshessed by sowdinsohiintzs! digit &p Suckerdiplate ipe22hddemory cell 10b i

s R Ay oo 08 BTk ch fasfude an cces
I
trans1|§t%r g?%ﬁﬁ @?ﬁbgmqggbrégﬁaglé@gﬁ Qgrrr;]nAEtt 2% gtéﬁﬂ&tgd [rﬁéx’:'rfc}% Between bit
line 20b rmdlmhp]atdﬁndmmrl}ﬁt tiaw 208 afid cAllplaenifia2Rle hnfc@hmﬂar%connectcd to
i ncl udes sw t chi ng circuit 110 and conparison circuit

all celisyig thasarpe golyann ebaganf s dnjthe fallgmang discwssions sie exsimplary
cmbo%.uneﬁ{s %}9651)&9&&' ngcr}tgon are d’cycn%cs B‘l rc]fgr%ngch{o eygemplary memory

cell 10a.

[0016] 1In 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 peripheral 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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3word line 15b and further coupled to sw tching
circuit 110. The nenory cell 10a is also coupled to
W0 b@38%d55Thi ng circuit 110 through bit |ine 20PCEHNS2004/032884
cellplate line 22b. [0018] The clock/control circuit
105 receives a source clock signal 120 and provides a

cel l plate sig 135 and a bit. _count signal
wordlneg hemﬁiﬁgﬁ&rrceupfgaﬂ B! ﬂerreamprn T0a is also
S r S| n L L 5 Q
coupd3 e B Pg R 120 R B b E S oby el PR 22
and ot her cells in the sane row. The signal on each
row 0028 | THE cfodRZEMRAS casuRt 108NHEQlesS @idde dock mgnal 120 and

control when the sensing operation is perfornmed fo
providks a cellplstmcn)unhﬁgnd\&3 5Aunili gbit puhﬁEs@mnld?)lOaw svmvhmg circuit 110.

ine tyrns on nsi stor 25 of each roviding a
Cloc}@émﬁaqli cvéuﬁawﬁ rRFQyes asiganker wout gﬁ’érlrt';g [ 0020]
In response to signals 130 and 135, smntchlng circuit

110 gb%\igqes'l'hwgﬁil%pna‘k?r& fné ng r&%vg& bl G4 rﬁ%lgﬁ\iga and other

Ign limes p0|n
cells Hpﬂm%in%%vd STE@anQ%V\ﬁ%H ré&f’s whdNBle AARELANRS cjc%'érol 51gnal to
one signal line 122 is at the supply voltage V and
contol hienithe a¢nsingyopdragen ishetfotmpd foisalberlis és idsd fowe.eA hlgh pulse on a
el ement 30. The signal_ thr oggh resi stance el ement 30

row’\pEt hng Bynp oRAFansistan A5 efgragh celhrepding 1 spndychiye ppth through
nor e detalled exenpl ary enbodi nents of
resmt?%ccé“ecl%rﬁﬁgﬂggvtss shown in FIG 2A. The illustrated

swtching circuit 110 includes PMOS transistors 45, 50

cont Tobkeq by ﬁasg&@sk:&o 139als 130, ad PP GhHiBInG c1rcu1t 110 provides
CEIIpIate line 22b and bit Iine 20b are each coupl ed

two sigmabughcamespiohicireuit ldfsistver sigdd, lifs® 122. Abengpgipk jn time at
voltage V . [0022] The clock/control circuit 105
which ﬁ@pmw% IS prdg betwsom il signal, on dingolie inegyignal line 122 is at the

suppl Jol Cécj-: Y agg th& @ L (e \goqtalglc S.B&t}@epcn Te cr)1t1 :%s‘?’stagrgcb czf:é?ent 30. The

St gnal’ 15 supp

mgnaﬁﬂlr@ﬁ%h kédisthdR@1GRHH T al&PnatepbRLAL @u&%?tr&afd &Rration.

provides its output to inverter 70 "and gat e 80.

Bit line counter 65 simlarly provides its output to
i nver[OQﬂh]S EKa z@mm mosﬁdctxdﬁd gmreplaty embodiorents of the

nmodul at e dli tq contr ol
COMRONGAL a{fn ipc %G 2, Reebtitrateaiebing St mclides PMOS
transB{othg%é 'cgﬁa‘loﬁccilg)? si%ﬁgs 135, 130, respectively. Cellplate line 22b and bit
line 20b are each coupled through respective transistors 45, 50 to the supply voltage V..

[0022] The clock/control circuit 105 includes cellplate 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 65 similarly provides its output 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.



130 respectively.[0023] Conparison circuit 115
i ncludes inverter 85, CMOS nultiplexers 90, 95 and
WG MsoBsa7 capaci tor sensing anplifier 100. SigPel/UsBB4/032884
frominverter 70 is applied to the gate of transistor
4 5 and to inverter 85. Signal 135 frominverter 70 is

al so ed.as a.control sjgna o.each CMOS
ol PR L e an ir s L Bblslst i vien ps CMOSsnultiplexcrs 90,

) ' . ' i th t f .
ST T G Y
the ghteafsiankiotor 455 miitd miveltd §3.&igndl 188 AR ih R ¥ri7oM glg»f)lagplicd as a

turned on by signal 130 going |ow, transistor 50
contrp} signdl e cadbCMOS multipdee} 90| dess 2Be cagnaasf ibvdrtdrighe The output

20b and_cellplate |ine 22b to both CMOS nultipl exers
from gaf’ertgg% ﬁ@;@j@&or{%p £ %t)%éq;glsg@’gbg §Vihemtusaed on by signal 135
: ki 4 =f i st | {i pl exers ac . X
aind BRS04 M1 LIPS BLOIH 4L AL by signat 130 i
low, dr@istscsred G pullsnbit GABDINBI ot ®r .M nal s and one out put

C

terminal). The CMOS multi‘pl exers 90, 95 will each
select one input fromlines 122 as its output based on
si gnbP024b drides h22 comipet busflinicrddér aret cellplatiNina 22bgddoth CMOS

.135 is.low, ti MJX) 95 id th
S AR YA O T -
. i . ' 5 ks, high, MJX 90
A T R M
termisdlgaed ohé ompifltbRh@hD. 788 CMOPmMLRPM Lers W@@%%@s@lect one

) provi des a sensed signal fromnenory cell 10a
input figmn tipesal Ak gsitppoipiud desed arssignaldf3sr ankcehevaltpagef inverter 75. When

. 5] Th . of [tipl 90, 95
signal 55 5 oy o Eulb PeviBin s (LR Bifuidsg thopinel pmigphine 20b
L S ) 0 e : ‘
WhLllei nput aﬁ'rpl i ? i S?“ ?rﬁg? i sél{slgrngl 11 i\l/geIJl feléna]alol%’r‘?;ﬁ |h?%lﬁ3\r§:ﬁf£%9 provides

V. frqrostanivter G0 GeURIUN O5ChtovRIRs tad siglas flomh RIS 2 As a result,
conpares the current with a threshold. The threshol d
MUXi% dwayspyovidss atshrsedwignat from mlmosyicelt heawiiap ad1HDH0 always

pron 55, B9, RIBLALL Efhl0, oo psponds 10 ne Lol state

and cellplate line 22b, such as nmenory cell 10a. There

col 0l R R A COROS B AR ko105 8 Pl o
switchetl caperitor sensitigl@mplifiert 100, Sefitchbe cficiiot bddRg 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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[0026] FIGs. 2A and 2B depict a single cell only. A
menory device has a plurality of nenory el enents
w@eeoanysd7 i n rows and columms. The circuit of PEEUS2004/032884
present invention is intended to be adapted for a
menory devi ce. Wien adapted for use with anenory
memdHP¥bei€s, adsirS10@bRtrEI0ftcuR is GidCdr leadtBcdlaffh WRA 28afidnal selection
colum with additional selection |ogic and access
logic ami/aacw c(cmts éxfun\ﬁh@vvn)l'ﬁﬂtat i the KOBKGRegate “esabded” XOR gate
ei ng .enapl ed b word | i ne decode
bemg@pa Eﬁi Wor c{ﬂcg C LRy sMaytep aeQ%rte&geé@aéwltagcously stacked

in hefbGE b ‘”f‘ﬁhﬂﬁcgggt%ﬁrégﬁ‘té‘icgsnﬁof&%‘I!Jhn%&%‘m%g‘%r&{:%ﬁ%g B8t e
chip. §h{ﬂah?rd>1¥e cNBaFPARA LR PRr EhILEH folRRY b&&&v‘éﬁﬁg\‘é@ﬁ@ 4"RE switching
advant ageous. The switching circuit woul

circuitastvaldt alyenagt gushakeere addlddmhaiulmplbtarpﬁﬂme svifhos meseory device.
with a menory device. [0027] FIG 3 is a tining
di agram for_signals fromci rcwt 105.in FIG 2B
Tr a %%’7& BiG; 3 l%ﬁﬂm diaggang; @h%\gn%hfrw@rcmwi% FIG. 2B.

he.fi h
Transtfgi 250 8ikdh 2l 86 SRR A% tiAIE THELR e Wappoce thae
the w@ﬂdt lirfeOL8H §és9ﬁ€5bé'cg lat@célﬁi’t’ 31% Ml 158 1§lﬁ h ah&%ha&ﬁﬁttshgﬁal 130 is

t evvord I ne es high, ecelp at e count
low. Initheatxtlid§ans: thawtensiokl lincbbimpoas lgigh| thE3@llplatdiaint signal 135 is
The read cycles thus alternate in the direction of die

low and,bit Aunt g gif Orie Bigdy dhsacmbeyctsipuy plisnateiin he dirgggon of the

currcrg%}ll\}e I'h I'CSI f eetd Ca%%m%?rgt InfSCérﬁczllltn 4 n,é)ltwec%] at llff nc%.tycgr rcctltﬁcs the
alternﬂirf@’étﬁ?éltttfcf&c QUARHEd ipacitdrt sehbiay | adhiifict md@ @%&99&; &i@butput bit.

die rel ationship between the bit count signal and
It shoukl bephuadestoodrthatsihgelbtiosship Beoveed: the zb:tctohh&txghhiennei the cellplate

count@*gngLé%{ﬁ g)lr ggﬁﬁ% nag :ql%érg gs ') S cgg@?prrl)gxéqfogls ) Srl]_lgg Sgg ?a.ﬁmg edges)
of the ORI LS {50, 81/9:8B LFLL a%osg A% Lt BAReLR) 2 ene

COUI’] e ce e coun

cellplatSoisst sidifal { BHPUthht &l Q&é‘ceﬂb&?@kotﬂit\éigiﬁﬂlk’g 136th@r(g1p@|t§ clock signal

bit count signal 130’ is the clock signal divided
divided HyoDa8] thdRt ganat $gnal EBGis 4B8)cledsugmd dividtd oy 2. SI g naI
on word line signal 15b is high when die cellplate

o S 00 S SR Sord e s
15b 156}[1&1 g&h%n%& cglfﬁ(qut c%hggggnﬂel%' 8 B éﬂ’%%l; ?6@&% n]ﬁ% 30 is low

oW a current
or whér ﬂibscteﬂb&'i:c ASurttHigHa0 35 @sliowt éﬂt?tlﬁ' lﬁﬁ@éﬁnt%ﬂgrﬁ[‘ﬂS@Mﬁgh When

mul tlflexer 95 to switched capacitor sensing anplifier
signal 136.is 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 element 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



When signal 130 is Iow and word line 15b is high,

current flows fromtransi stor 50 through resistive
web@sostss80 and CMOS mul tipl exer 90 to swi t cheRCT/US2004/032884

capaci tor sensing anplifier 100. [0029] Anobng the

advant ages of enpl oying AC sensing for resistive

menory cells i ol Qngi.ng the viability of the nmemr
of a mighary nperb b At Riciop o TIEIAY SPaBFUSIhERIRG the
el enent/cell with AC avoi ds over-progranmm ng or
“mn“HXFgﬁgFﬁy erasing the nenory el enent. [0030] The
present invention has been descri bed usi ng PMOS
tr anpdE3@Y s Thet predent a@aribe hasiptaneaicabedisitgy RMBS transistors but
transistors. The control signals are described as .
may atsodekingilgmahsdwising WHMOB ttameistes. | Peatantrohegaals atsi described as
line have a certain relationship ope to the other. .
clock yigagls "t Rish Gr GRUNASES 358 B fam e trig iasonship one to the
rel ati onshi [ j
ot A B B0y HOAHAT Sl PhcBE HRRGT DR 0 ey
functiof ds HBseWcHIAE t6ichbattbl metdtfy Cellitdn@l toGidteUkdnsistors in the
switching circuit and conparison circuits of the
switclingseotit.i Aveotntool amyithevitahphe centieandommpamdprictigaits of the
conmponent s ved to another circuit so |long as thﬁ h
preseRigHFRIemaY Be fmpleansnred waith indivithah fRPOBSRLIRAYR L0 another
. 1he inverter . : : ] i [
i SO BERE Syt ARCAIRNECl Ll Y DEGARR, B8 Bfrirs o

the cottdli R 8% ehsy 8¢ coliRiceaipat of e svitdhing cif@yitalThe iferters and
consi dered part of the switching circuit. [0031] FIG

multiglekérs of theac@mspanisoexémpitanay dsaqbe ednsidased psirhgf testvarghing circuit.
500 whi ch has conponents 508 utilizing a nmenory device
8 e I g sensing circuit, 35.0f the present .
nvorO0Rh ST T e 8 FHF R RUB g TR stem 500 which
- T SSi| i : .
o 0SSO QBN ARt L TR0 SIURG 105 gt a5 o
presefORERXidEHisSBEPitbve iR coRBdcyionusitDFlAge -S0 3 tes prazksing system

coupled to the | ocal bus 504. The processi n%ggystem
500 i6¢0deraynd ocinode pracessopd &0 neonnisd tonlocel bas 2\ amginery controller

502 4 BT SR 1 U BRGNS0, T procsio

. . ! 2 _
sl SRR B2, A RlPhRodRy b0 SOBRE) HBuIIEpmary b
bridgg%g@& 50¢ m&R6Hy chitmlr B0S aadehe baintbuy bekiped®himy be

, Which include at |east one
integrated as a single 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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menory device 8 that includes sensing circuit 35. Each
of the nenory conponents 508 may be a nenory card or a
woreews/y6sabdul e. Exanpl es of nenory nodul es i ncPam®©s2004/032884
single inline menory nodules (SI M) and dual inline
menory nodul es (DI MVs). The nmenory conponents 508 may
i ncl ude one_or nore additional devices. The nenory
exampls Progesiars 562 npralsg welusles ceghepinemoriesawhadhmapeomny cache
. Bb05. .The cache ne may be the onl ache nmenor
hierape i S3- SR RS HE 20K e RFvssmag Poui Sod fistudd perpherals or
c g
B R e B R TR
memoactmntnellen 5092505 inhfle ket ptﬂﬂx@&&hﬂ@xﬁ%ﬁr@fﬁc@@p If the memory
i ncl udes peripherals or controllers ich are bus

contiper ap% isgroupbiccte plypdity ofimrearary uses §0Zceasbsmemiay bus 507 may

th nmory.contrgller 502 may inpl enent a cache,.
be ofeBfisiTan BoPAlflo P LarerSitackhes st A dnt FRappen g Blizzent memory
busecootpl ed to a plurality of menory buses 507, each

menory bus 507 nay be operated in parallel, or

di fferent address ranges nay b e mapped to different

menoi{ Q0B84 esThOprinfaDPBAY britige P03 Froy1pled that s S3pédpheral bus

coupled to at |east one peripheral bus 510. Various
510. (ariqusslevisgs Isugls apperipiiceala ps additionditbiobrdgesusapbe dgepled to the

. e d to the per.ipheral bus 510. The X
peripf{2%] B S Thi hrtces S pEuE & siefiSe Reninglier 51, a miscellancous
i [ : fiqd

L B o o BHEE 33813 AR plocr §18, dlid a Legacy
device initerficcs2 (B 2The Prienapy bunbyidfeiS0® mGoelss Qauﬁﬁm t8l & or more special

coupl ed to one or nore speclal purpose high speed
purpqsshigh speed nastssd e r Bonpersenthsemputert dpr exampleetha special purpose

port SR RALARE, APLE iANE o DAES (ECPL At Righ Beribrmance
videoG@fdltd thedb@cB:RGAFHERO5GY St €m 500. [0034] The storage
controller 511 couples one or nore storage devices

513, via a storage bus 512, to the peripheral bus 510.
For £0@3%] e, Thheostgercagerotions btbgile s bhe mrynbe: foSgoldevices 513,

) contrqé;er and storage devices 513 may b e SCSI di scs.
via a SFREASE /oS pd E‘é@]ﬂﬂlﬁg&ﬁr@ &ua iy 0s dor cxpmpde,ithhstathge Fomtroller 511

may 5% aagégftortlt?&lclr/agdds?grlagg dg\;iécsrgal% r?lgy %el é)égf diSes: The 1/0 device 514

may be any sort of peripheral. For example, the I/O 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.



network interface, such as an Ethernet card. The
secondary bus bridge may be used to interface
w@dasosessal devi ces via another bus to the proP€EERIVG4/032884
system For exanple, the secondary bus bridge may be
an universal serial port (USB) controller used to
couple USB devices 517 via to the processing system
500. [4035 hulkhenpugicessmgmyetesn 5 08 iBusteated én FISodrisl onlyrah exemplary
a.video capture. card, or any other type of nedia.
procefige PRkt M it rhg nices opumab g et SVereE s ilusares o
' : e . egacy devi ce
procclg SR eI AP SRRPITBIC T g AR ayBAIBY Feab gz such as
persoh@l codXRTd 6 a BodREariiny hechiAd RAEESeBREY P& vell 0hdWE modifications
processi ng system 500.[ 0035] The processi ng system 500
can bt magsttoapedgie tht Groksiisgopitymah0@ re bptamy morcesiabledor use in a

. systemwi.th ichth? inventlon may be used. Wiile _
varietpOBAPRIGR PR { 1o SEMPlHBRRE S R G ORI HIse thiterequire processing may

. ' [ I .puUr pQ ut er
oe mBERREE LinB UL LB LG BRI BLE RSP BBt 0 memon
compdhents §08e TiRsodlet #6gictdeaiccw@hdy iarRiMR | BREL. £ R1iRREd 68 3udio /video
be made to configure the processing system500 to

proceproroansl respulesyighaih e cémvoless eligiml aelewisiont sgtspfwired or wireless
For many el ectroni c devices.

applicatians., F xanpl e, )
tdePft(ﬁ‘zf, havieapeR dﬁwﬁesegg‘?lﬂ systsans hgsed mmnthesloBilRpsiiioning system

j : ' el n U 501 .coupked
(GPSEATE) S in AL BRERES, WL diRL cBhePl ey s R ey
modifidagiotisl thay biudludé, fonetanhple] E1adirlaRiohUeH @ dceRRryIREESHAS, addition

and recorders, gam ng consoles, digital teleévision
of spesiatiged dviesd opcirgiitss lhad £ot dhtegntivasof nplrrgiy iofulediews. ces
(i ncluding systens based on the gl obal positioning
syst S d/ or inertial. navigat.ion), and digital, .
camefORA6T PR eBbe s Rt bttt en beffagcstribed in the
: hAGA U e i I i ' u I . .
e e PSR (e OB L] 28 kg JUAEEE5 ke invention and

are natitb Gl dosisidard/QMinifihgg VhilefhObréseit vahiidy ha been described in
devi ces. [0036] Wil e enbodi nents of the invention

terms o P& b 1tde siot lipkttdi theneite butliuspplibbn, &rossampile, magnetic
. ..shoul d be under st oo t re exenplary of the
resist PP FFe AP RO AL oA BB GRS g pgpch signals are
: SRAL: € S o
sensed cl,h?feféfﬂ? Ilgel%f@. N{i&&doﬁ\é, &Hléﬁ?np %ﬁb%ﬁ?ﬁgﬂ? a?fdbgt?ng grﬁ)dlﬁcatxons can

erns o It 1S not T'ifited thereto b
be maglppitleahldepieingf fesmakaspilrit, orROpe bff ehd Skt iMPeritidifl Ot cordingly,
. access_nenory (MRAM PCRAM and other circuits in which
the inggnying i ngt &0 be considered as limited by the foregoing description but is only

limited by the scope of the appended claims.



sensed at different |evels. Additions, deletions,
substitutions, and otiier nodifications can be nade
wowdkosdssteparting fromthe spirit or scope of P€TES2004/032884

present invention. Accordingly, the invention is not

to be considered as Iimted by the foregoing

description but is only lisq gby the scope of the
appended cl ai ns. CLAIMS What 1's clai mred as new and

desired to be protected by Letters Patent of the

Uni twtlaStsalfsed 95 ndw Ad degadabouse protced bl TG terd Paieht of the

~state of a nmenory cell, conprising: a control circuit
Unitegd Searesdlisng a control signal to said menory cell, said
control signal controlling when said nenory cell is

sensed, a switching ci.rcuit .that receives a cellplate
count- A7 grattolidob g8 et dhimaf  fiettusinge Bafie:
control circuit, said switching circuit further
recei vy E‘&m@ol‘@échﬁ!@&%’i&hgﬁ c%'ngﬂﬂﬁ!sigﬁﬁljt_oasam ke dl§ cell, said control
signal from said nmory cell, said swtching cifcuit
signal pooduliinggvieed $aid menmbputelisis garssedand a second out put
signal, wherein one of said first output signal and
said second output signal is at supply vol tage and .
the oth®Fitging girguit that reseipid C@fpéﬁswoaﬁaﬁga?lopn@e% Bl gount signal
. put,put . si gnal, alternates.pol ari.fy.w . in c
provifB B i R e RSP BRIY il Yo PR B QT cfplec lne signal

and a bitsle B 58a0HREH AirABly &1YBAHSwaREHIMpUL R prddluling a first output
signal corresponding t o the |08IC state of said

signal meduarsgcael butpit sifnel, aphacot ose atwed Gistgutputclignahand said second
wherein said control circuit conprises: a cellplate .
outpug gigRelds at ‘héHPPEY Bliss ABATRE PEICE O SHi8 TEH HPUF &saﬁ;ancsi said second

oo TR oo B SR B bapRLla 27, o

signal. 3. The apparatus according to claim 2, wherein
sai d coadmphrisinl @kttt EREPINSESd fisstlantdstcdtventprit sfodials and
recei ving said cellplate count and producing an
outpukting? sigdalcwirtespending dunthedpgisastate of szg prgmary el d
inverted cellplate count signal to said swtching

cir ) .i The gggaratus 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 cellplate count signal to said switching

circuit; - and

10



10a second inverter for receiving said bit count

signal and producing an inverted bit count signal and
wappbysasg7 sai d i nverted bit count signal to saPdI/US2004/032884

switching circuit. 4. The apparatus according to claim

3, wherein said conparison circuit further conprises:

a LN T4 OUO ihGerellor EGRIiNME d S CoddPaidedhd ptohl @ Pan
count signal and producing an i nverte gnal; *a firs
invertétbiticpligXagnabind gssliivigngidaverted bl doreht Siggabto satdéwlitching
inverted cellplate count signal, said first output

circuitsi gnal , and sai d second output signal, said first
mul ti pl exer producing a third output signal; a second

nmul t | xer for receiving sai.d jnverted sjgnal,.said .

| nvett DRE SRP R A COHTing o i 3 Wkreihr el (OBRGR circui farcher
compﬁéc?:nal’ and sai d second output signal, said second

mul'ti pl exer producing a fourth output signal; and a

swit ched capacitor sensing anplifier for selecting one

of saidtHiid Biivedter foit resbgiigy saddhthveeded cabyslaredccamit pighal and

signal, said selected one of said first output signal
produging asahwerewst sigarabut put si gnal corresponding to said

| ogic state of said nenory cell. 5. The apparatus

di | aj . . : . .
compr 9t bRl o SRRl oRATR b S dhY i celptare

capacl rror sens

countSRIAE tsﬁiﬁ@ir&”@uﬁfut%?%r&l,fajn!asstaicpwcﬁﬁﬁ oHtPiadig @ OsafBfifbt multiplexer
second out put signal, said selected one of said first

produocingputhisi grighutaighakai d second out put si gnal

corresponding to the logic state of said nenory cell.

6. The apparatus. according to claim1l, erein said

owi t cht HGORFL BHHPIERRIPT ESIVing 4 Bverisgoraneh gfinverted cellplate

I { Vs aj I te oJ| :
countSEEL A 80PIR 8L LOUT L OB FAOGLAG, B sreond mulipleer
produtitgef foaethCst tiltaigatawat si gnal to said switching

circuit; 1lla second inverter for receiving said bit

count signal and producing an _ .

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



inverted bit count signal and applying said inverted
bit count signal to said switching circuit. a third
WO pws08@s7 f or recei ving said i nverted cel i pl at BCT/OSI004/032884
signal and producing an inverted signal; a first
mul ti plexer for receiving said inverted signal, said

i nverted_cel i,pl at unt signal,.said fi.rst, output, .

signal .* SKanear i Es dBhiFsTifuid P fapoe SRy Fcgpducing an
invert®d bitRbaxe Eigﬂﬁl%ﬂdcdquiﬁgtsﬁﬁfiﬂv&l?@b&& cS5h8NGknal 3% switching

second mul tiplexer for receiving said 1nverted signal,
circuisai d i nverted celiplate count signal, said first

out put signal, and said second output signal, said

second I.tiplexer producing a fourth output signal.

7. Ar e%nﬁyfci Jwereniityceaying sysnyarasheellplate powss signal and

el.enent. ' at, least two resistive states; and a
pKX1(PP§€H€82%é%¥ggﬂdand a second connection to first and

second sensing lines respectively, said nmenory el ement

bei ng conpeet@tpleReSRIrire&iReE WaE Inveted digia3!said inverted cellplate

connection and said second connection and capabl e of
countaigdalk siiddirstemstipny signal;, end sattsecarat @htput signmls sdid firstrratltiplexer

sensing.lfne o said second sensing line and from said

t
producipg it Qutpyt sighal t481%ai d first sensing line. 8. The

resistive nenory cell according to claim?7, wherein

said ne I nt..Jl 2 - .
ecess vcenSTERle:? £ e AT ert N BN, LRTARRYcd cellpace
countcsibhalyegdrttstngutpar sikahlnadd sdidistdigid SodpRE 'si%hmlg sad second
Sswitching el enment connected in series with said nmenory
multiplexep produrang & dowttblositeendgnndg of said menmory el enent.
10. A sensing circuit for resistive nmenory cells,
conpr}zéng;s%;first ang, second sensing |ines between
whi o &t d“RBHASRTBENAS ?%?k}“sé?%nem havi ng at | east

two resistive nenory states;
a memory element having at least two resistive states; and

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 scnsing 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) clement.

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



switching circuitry that provides sensing current
t hrough the nenory elenment alternately fromsaid first

W@ e0vsiosggst i ne to said second sensing |ine and PeDISHA4H/ 032884
second sensing line to said first sensing |line; and
output circuitry that receives said sensing current

N TR S
clemeglg:]ﬁg?ﬁggag\q:z}%? 7O TRdRe '?Qémglgr &gy of nenory cells; a

ne conmon acro saild array of menory
cells; and an apparatus for sensing a logic state of

one of sg@icHingedRAYrE ehdt proFdesheappgraaticat dawpghshagemory
first and second sensing |ines between which are : _
elemanurareotaedy o smdrfusyscabingdine thavidrgeend senging lingoand from said

resistive menoyy.states; switching circuitry that
SCCO%WP@&&@&H%—%&@B?%WW%@h the nenory el enent

alternately fromsaid first sensing line to said

second éﬁﬁﬁé QedidrP eh A div e %ﬁ@eﬁsiﬁg CAREnSLAS iR Qeétﬂrc])g?c, provides

to sai rst sensing li1ne; and output circuitry

an outpeeiiyed iSdicskise nstsdgatddrseaaibof said mémoryedaanse,
provi des an output signal indicating a resistance
state of said nenory elepent. 12. A processing system
conprli- S memeryplestce SOMPris® a nenory devi ce coupl ed
to said processor via a bus, said nenory device

conprising; 13an array f nmenory cells, a cellplate
line c@ﬁﬁ%ﬁwé)ﬁ8§§mﬁ%lﬁgarray of nenory cells, and an
apparatus for sensing a logic state of one of said

menory L&dibfite fat doaRRed adrbss @i ofN@emory 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 to a

memory element having at least two resistive memory states;

switching circuitry that provides sensing current through the memory
clerment 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



first and second sensing |lines between which are
connected a nenory el enent having at |east two
WO e®588G592 nmenory states; switching circuitry PEEUS2004/032884

provi des sensing current through the nenory el enent
alternately fromsaid first sensing line to said
second sensing line and fromsaid second sensing |ine
to said firsﬁgéﬁﬁgi ¢aE: cellvd output circuitry that
recei ves said sensing current and, in response,
provi des an : L ndi [ SieSt ance
state of sai g%ﬁ%‘fflmg{gdn%ﬁ{& a‘%?@és%% di%ﬁ{agé) f z?céaory cells, and
circuit conprising: a nmenory device, said nenory
devi ce conpr iafiap@aradus fBF @i a MDY eCHdn®, of3aid memory cells, said
cellplate |ine commbn across said array of nenory

AppHBIUS SOMPFW|INGH apparatus for sensing a |ogic state of
one of said nenory cells, said apparatus conprising:
first and second sensing |ines betwen which are
connected a menor érsgl %[Hgfﬁcoﬂgﬁ%n% ngshelyeergyhich are connected a

meni&§lekhMf HRHY ¥ 1848468 keﬁ%ﬂv‘s%ﬁrﬂgﬂpﬁt&t‘éy' try that
provi des sensing current through the nerory el enent
alternately fromsaid first sensing line to said
second sensi ng | i seitahidgfcronitgaihdt pevided seeshed b@rrthtirough the
to s?id first sensing line; and 14output circuitry

mengpyelraeiaisnaely dram safdysicsnseating fe saif seeanshemgiag line and from
. i .an . . sd.gnal .ingi cat i a resistance
s R AL B S

met hod of sensing
a resistive state of a resistive nenory elenent, said

met hod conpri si ngough@\cir@iite SROEIBEeLId &Msing current and, in
alternately in a first direction and a second opposite

respescepravitestanr@ught sighd indicatiyg e resieartcy send of suid aspoumseclement.
to said sensing current, providing an output signa
I ndi £3t Aﬂqnt%gratcd 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 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

14



resi stance state of said nenory elenent. 15. A nethod

for sensing a logic state of a nenory cell, said
woreaolkoshssonpri si ng: receiving a clock signal fPONUS2004/032884

cl ock source; producing a cellplate count signal;

producing an inverted cellplate count signal; applying

said cell plate count signal, sal d.i nvajéit ed .cel |

late , .

count signal, a PYIPUE CETHHRIhHIEETVSS %QFIPEICH?%HF?‘P]%’IH
rcspoqsg,rér%v*dcg‘m% Lftes rral ﬁ}(ﬁ&tﬁg&g& rc%('%%%gx%ﬁ: g%?}@gﬁ éragzb Iﬁ'xem(;ry element.

produce a si gnal correspondl ng to said logic state of

sai t4 NBREthod &fsensify; a IRBtNE ttacdofe msisdi e heheorg lednment, said

15, further conprising: producing a bit count signal;
mcthoalrrd)rppxoﬂmgl ng a control signal based on said cellplate

count and said digit count, said control signal

I d t
cceur Epromﬁé“r'ﬁ@s?p%t%%er%%bswé B e et S pifgnd opposic
dirccu%gl'm%\f' %id Bl ert ed bit count signal;
app ﬁng sal vert IpI ate count signal to a |

gate of a first tranS|stor said first transistor

coupl efh fespaat do sl Ismmgcmn’rm pfoviding amerropyt sighdl;indicating a

applying said inverted bit count signal to a gate of a
resistagee Sate of witkmsmsry clsmedtsecond transi stor coupled to

said bit Iine of said nmenory cell; producing said
fi d
A G 1 s L aﬁgg@ggys 241938k mddodRomprising

menor y deV|ce coupl ed tO.SQId processor via a bus,
sai d NRIERIEHbERsIERIHFdiadock source;

producing a cellplate count signal;
producing an inverted cellplate count signal;

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;
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an array of nmenory cells, a cellplate |ine common
across said array of nenory cells, and an appar at us
wo 0005586581 Nng a | ogic state of a nmenory cell, PCT/US2004/032884
conprising: a control circuit providing a contro
signal, said control signal controlling when said
menory cel.l is sensed, W tching circuit that . .
rocei vEPUNESRARNE L einfatt g TRl b 2 gte Gl fipet transistor, said
first tx%hgﬁ%hc xa@@gaiexeeg@a& GRS RLHOH telsa d
swtching circurt further receiving a cellplate |ine
signal and a bit line signal fromsaid nenory cell
sai d suppilgingnaiddhreatid bjprcodoiciigrnl ao higasd obus@ondsirgnator, said
and a second out put si?nal wherein one of said first
secong rapsistosicgrpled4nsaiskhia ae ebsad sy cslignal is at a

supply voltage and the other of said first output

signal and said. second output signal alternates
polari¥ 4%%453 %ﬁngéﬁgghég%peration; and a conpari son

circuit receiving said first and second out put signals
and ouf)f&ﬁ{c{ amgcgﬁalsiglqﬁj'respondi ng to die logic
state of said nenory cell. 16

18. 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, 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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