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[ 0001] The present invention relates to integrated nenory circuits. Mre
speci fi caWwlby3/sseB4 rel ates to a method for reading a progracraish®oenduct or
random access nenory (PCRAM cell. BACKGROUND OF THE | NVENTI ON [ 0002]
Dynam ¢ random access nenory (DRAM integrated circuit arrays have existed
for nore than thirty years and their dramati c increase in storage capacity

has been achieved t hr ougPGRAM REWRIIIE REBYENTHIN abri cati on t echnol ogy
and circuit design technology. The trenendous advances in these two

t echnol ogi es have al so achi eve i gh V. integration that permt
dramati c reductions in nenory g?ﬁaﬁ @?z‘m&iiﬁ as well as increased
process yield. [0003] Fig. 1 is a schematic diagramof a DRAM nenory cell
100 conprising an access transistor 101 and a capacitor, 102, The ¢ citor

102, whiQPL)s colipe peesers invantigrorelases toripicgrated Mo fArcie MARSPEEBrlYo1,
stores one bit of data in the formof a charge. Typically, a charge of one

pol ari t i rélatcd to a@néthadder EQHIRSPprgiragniableacgmatuetirirahdeinfacedse neenorgcr 0ss
the capacitor 102 of +Vcc/2) is stored in the capacitor 102 to represent a

bi nary 7 "RQW a charge of the opposite polarity (e.g., a charge
COI’I’eSpQ?]%I ng 1%@?13 potential difference across the capacitor 102 of

-Vce/2) represents a binary "0." The gate of the transistor 101 is coupled
&ﬁgf‘ ner” the capaci tor 108 AGRCBROLAPI fTRaRNENIIQN he T ani stor 101 to
a bi
[0002] Dynamic random access memory (DRAM) integrated circuit arrays have
existed for more than thirty years and their dramatic increase in storage capacity has been
achieved through advances in semiconductor fabrication technology and circuit design
technology. The tremendous advances in these two technologies have also achieved higher

levels of integration that permit dramatic reductions in memory array size and cost, as well

as increased process yield.

[0003] Fig. 1 is a schematic diagram of a DRAM memory cell 100 comprising an
access transistor 101 and a capacitor 102. The capacitor 102, which is coupled to a Vec/2
potential source and the transistor 101, stores one bit of data in the form of a charge.
Typically, a charge of one polarity (e.g., a charge corresponding to a potential difference
across the capacitor 102 of +Vcc/2) is stored in the capacitor 102 to represent a binary “1”
while a charge of the opposite polarity (e.g., a charge corresponding to a potential
difference across the capacitor 102 of -Vcc/2) represents a binary “0.” The gate of the
transistor 101 is coupled to a word line 103, thereby permitting the word line 103 to

control whether the capacitor 102 is conductively coupled via the transistor 101 to a bit
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1 WD 03/058634 PCT/US03/00239 I|ine 104. The default state of each word
line 103 is at ground potential, which causes the transistor 101 to be
swi t ched wbfo3/osdees eby el ectrically isolating capacitor 102PCT[B08d30One of

t he drawbacks associated with DRAM cells 100 is that the charge on the
capacitor 102 may naturally decay over tine, even if the capacitor 102
remains electrically isolated. Thus, DRAM cells 100 require periodic

r ef r es hlimegl 0AdTiht idefalld spate 2f cadi woud Hrd 103 i, ground @ordmigl,ivehigh sonseethfi r ed
after a nenory cell 100 has been accessed, for exanple, as part of a read

oper at i @ihidr 90PF] 5 b0 swichdd S thatdy dedBOMy isdkRIHEpdBitoCROm! i Sing a
plurality of nmenory arrays 150a, 150b. (Cenerally, in the draw ngs,

el enents having the same nunerical value are of the same type. For
exanpl e, sense anplifiers 300a and 300b in Fig. 2 have identical circuitry
to sens@0ddgl i fi@ne 3cheodraRibgcksAssokidtodveithcRBAMIcphab@d iscthgufhfei chafge on
generally used to discrimnate between different units of the sane type.

However thclJcQE%itcﬁ'qw d!ﬂréye B&ﬁﬁ?ﬁg FLEP ov@Sm V@RS the capRY o 9mRtenfidsf er ent

circuitry aSsociated with negative or positive typed variants.) Each

)
menory array 150a, 15 i ncl lurality of cel Oa-,100d,
100e- 1 ﬁCt&F?léfd@@at%‘yQﬁH% i?g}ﬂgﬁ;‘ieilf gpbtfﬁq‘&ré/ Pr‘é%‘ﬁ; g&%@%d‘g‘i‘%‘g% e so
that the nenory cells 100 along any given bit line 104a, 104a', 104b,
104b' ddisassedbelpw, acforshimgrs oo dequiradeaftcd 3andigyy, calloki®hasebeen acerssarbfor v
cells 100 along any word line 103 do not share a comon bit |ine 104a,

104a', égﬁgﬂcLgighnﬂggggd@%ggmwnarray has its own set of bit lines. For
exanpl e, mory ‘array 150a includes bit |ines 104a, 104b, while nenory

array 150b includes bit lines 104a', 104b'. The bit lines from each
adj acent pair of nenory arrays
[0005] Fig. 2 illustrates a memory device 200 comprising a plurality of memory arrays

150a, 150b. (Generally, in the drawings, clements having the same numerical value are of
the same type. For example, sensc amplifiers 300a and 300b in Fig. 2 have identical
circuitry to sense amplifier 300 of Fig. 3. A lower case alphabetic suffix is generally used to
discriminate between different units of the same type. However, upper case prefixes, such
as “N” and “P” may denote different circuitry associated with negative or positive typed
variants.) Each memory array 150a, 150b includes a plurality of memory cells 100a-100d,
100e-100h arranged by tiling a plurality of memory cells 100 together so that the memory
cells 100 along any given bit line 104a, 104a’, 104b, 104b’ do not share a common word
line 103a-103d. Conversely, the memory cells 100 along any word line 103 do not share a
common bit line 104a, 104a’, 104b, 104b’. Each memory array has its own set of bit lines.
For example, memory array 150a includes bit lines 104a, 104b, while memory array 150b
includes bit lines 104a’, 104b’. The bit lines from each adjacent pair of memory arrays

150a, 150b are coupled to a common sense amplifier 300a, 300b. For example, bit lines
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150a, 150b are coupled to a common sense anplifier 300a, 300b. For exanple,
bit lines 2 WO 03/058634 PCT/ US03/00239 104a, 104a' are coupled to sense
anplifi erwB®asseshi |l e bit |ines 104b, 104b' are coupl ed t ecTasns@2znplifier
300b. As expl ai ned bel ow, the sense anplifiers 300a, 300b are used to
conduct the sense/refresh portion when a nenory cell 100a-100h is read.

[0006] Reading a DRAM nenory cell conprises the operations of accessing and
sensi ngl 044, rlédh! ag.copdnb sthe quplfivs $004, whide hitdioss 10plr HI43mre coupded to
transfer charge stored on the capacitor 102 to the bit Iine 104 associ ated

Wi th t hg REIRLYAEEEH0H. 00 s ckiRiRerdsw, @Rakald AfplRgs BE0NBUxcbatgl fig each
bit line 104a, 104a', 104b, 104b' to a predeterm ned potential (e.g.,

Vce/2) b oupl i ng eac it line 104a, 104b t t..al_,source (not

i |1 ust r‘é‘%/ ct %E’aﬁﬁ&ls%?rtc;]rfcghgorf’(?ﬁ‘a, ﬁ%ﬁglclnéorty ﬁgﬁ lgloggtto‘ralrpl(:’%ﬁaf/i “di sconnect ed.
The bit lines 104a, 104a', 104b, 104b' wll float at the predeterm ned
potential due to the inherent capacitance of the bit |lines 104a, 104a',

104b, 1Adkye1 SU IYRAM l DSmpBisEh the obeBRMNSBEQEIcagdand t h a
menory @gﬁyﬂbeiEggggggaez.g.,ﬁﬁﬁgg Ckgegc ?ggfgdoﬁy raising its potential
to a |6V6|gé2j%h auses each transistor 10l1a, 10le coupled to the word line
103a t ¥ rcpﬁﬁgﬁbuld be noted that due to inherent parasitic

capaci tance between bit lines 104 and word lines 103, activation of a word
line 103 will cause the potential at each associated bit line 104 to

o SN e HRRKELe LI GRLEIM Y EF ety of

D s IR Je e b e Ot wich O AR0S & W, TRELELRr e Wt
operation begins by precharging each bit line 104a, 104a’, 104b, 104b’ to a predetermined
potential (e.g., Vcc/2) by coupling each bit line 104a, 104b to a potential source (not
illustrated). Each bit line 104a, 104b is then electrically disconnected. The bit lines 104a,
104a’, 104b, 104b’ will float at the predetermined potential due to the inherent
capacitance of the bit lines 104a, 104a’, 104b, 104b’. Subsequently, the word line (c.g.,
103a) associated with a memory cell being read (e.g., 100a) is activated by raising its
potential to a level which causes each transistor 101a, 101e coupled to the word line 103a
to gate. It should be noted that due to inherent parasitic capacitance between bit lines 104
and word lines 103, activation of a word line 103 will cause the potential at each associated
bit line 104 to increase slightly. However, in typical DRAM systems, the magnitude of this
potential change is insignificant in comparison to the magnitude of the potential change on

the bit lines due to charge sharing. Therefore, with respect to DRAM systems only, further

discussion regarding the effect of parasitic capacitance is omitted.



di scussion regarding the effect of parasitic capacitance is omtted. 3 WO
03/ 058634 PCT/ US03/ 00239 [0008] Activation of the word |ine 103a causes
each capawotwnsgs@la, 102e of each menory cell 100a, 100e pcausogo28® t hat
word line 103a to share its charge with its associated bit |ine 104a,

104b. The bit lines 104a', 104b' in the other array 150b remain at the
pre-charge potential. The charge sharing causes the bit |ine 104a, 104b

pot ent i {0083  ei Attentipnafehs woot lide d P3asaysctiegsbrdpaditarddas he2cpbeagh st or ed
in the capacitors 102a, 102e. Since only the bit lines 104a, 104b of one

MEnory Qkhyy as 1008, IWUHubRld @Bl thef ®8rd Bhe £0841t0 SRS &s ekt MWier it300a,
300b, a differential potential devel ops between the bit |ines 104a, 104b

associ ated .wi th.the i vat.ed rd l.ine 3 d.the other hi ' J04a',
Toab iseutrdticing [ D B Ran it ST B g S8R shb Meifad
access operation causes the bit |lines 104a, 104b associated with the cel
100a beitrthe peadhangepmvential pdiheshinge shiving causes dietbieling d 84,6i04brRatcpal|tes s
than the pre-charged voltage. However, the change in potential is small

and r eqUtH@Sn@emei drl dedfdatd) dRpéiRIifg upofidRe bRards 8ebred QDR caphcitsieNoR4 I 2eesh
operation serves two purposes. First, the sense/refresh operation

lifi h lLl. ch [ i al h Lt - |1
oy ch - siee aobalE e ke e BpShPRM Rleel sttt bORERM LSRR AF 00

the pre-charge potential, the bit |line will be driven to ground during
sensi ngsens¢ paphitien $@0ay 300b, ¢ Hifferential paeenkiakdeyclqpstbshveca ﬂwgﬂlthnqul Odiagher
than the pre-charge potential, the bit line will be driven to Vcc during

sensi ng1 04k 8sssEiaAGwRH RO s&Mafed Wer SRS BO3£iE et her bit liass 1644’ 01045t or e
the state of the charge in the capacitor of the accessed cell to the state

It had gsrs,(i)colerltch%ihb&eas%(r:necssscnsc amplifier 300a, 300b. Thus, the access operation causes the
bit lines 104a, 104b associated with the cell 100a being read to have a potential which is

either greater than or less than the pre-charged voltage. However, the change in potential

is small and requires amplification before it can be used.

[0009] The sense/refresh operation serves two purposes. First, the sense/refresh
operation amplifies the small change in potential to the bit line coupled to the cell which
was accessed. If the bit line has a potential which is lower than the pre-charge potential,
the bit line will be driven to gréund during sensing. Alternatively, if the bit line has a
potential which is higher than the pre-charge potential, the bit line will be driven to Vec
during sensing. The second purpose of the sense/refresh operation is to restore the state
of the charge in the capacitor of the accessed cell to the state it had prior to the access
operation. This step is required since the access operation diluted the charge stored on the

capacitor by sharing it with the bit line.



operation. This step is required since the access operation diluted the
charge stored on the <capacitor by sharing it with the bit line. 4 WO

03/ 058634wB@3/0E#08/ 00239 [0010] Fig. 3 is a detailed ill wstrr@sns/ensof a
sense anplifier 300, which conprises a N sense anp 310N and a P-sense anp
portion 310P. The N-sense anp 310N and the P- sense anp 310P include nodes
NLAT* and' ACT, respectively. These nodes are coupled to control]able

pot ent i E001$ur ceRig( Bata ttailed Hhnseanion nbalscee Amplifier 309+ whichyoppgises? No t he
pre- charge potential of the bit lines 104 (e.g., Vcc/2) while node ACT is

I ni ti al {ehsOhApeH 0N an@ b Qubithse hfhﬁt[ﬂirﬁoh 310Pal Tisd Bt &nsd ﬁkﬁFtalesmsd diesP301- 304
of the N and P- sense anps 310N, 310P are switched off. The sense/refresh

operation is_a phased. operat (-on, | i t S '

r1 gger 8ashars At BURRRGRRE N AP SabBALh e e\ TRER SRR Sl o
triggered by bringing the potential at node NLAT* fromthe pre-charge

pot ent i eonteellagle parenna)souessa et Wrsmied poNede NIAT Ass inpfally biased tythe pre-

di fference between node NLAT* and the bit |ines 104a, 104a', 104b, 104b
appr oacfhdrbepotehtigisdiothd HRolieRtlioa (eqf., W )twitiksh SdOACTIO 1nitidlB2biasdaero
transistor wth the gate coupled to the higher voltage bit line begins to

conduct . This ses..t 0 . i i Al sc 1 t he
voItageg%¥"¥%é%§ﬁﬁfpuﬁgggga$ﬁ%g¥8%%§%q%ﬁd§0*fg?¥;$%§g%§§qa%ggﬂﬁﬁwgé?§htiaI
the I ower voltage bit |ine will also reach ground potential. The aother

NVOS t r BheP srcorvitrbgd offs ohlag sanse 4icfieeh ppragaR & 3 Sve Bhpce #PLRUoRdn YHUCl 81e age
digit line being discharged towards ground. [0012] The P- sense anp 310P

is trigyerseske(aip 810Ne thkgaed befoadthe3R-ONnkasmpSdOP.
[0011] The N- sense amp 310N is triggered by bringing the potential at node NLAT*
from the pre-charge potential (e.g., Vcc/2) towards ground potential. As the potential
difference between node NLAT* and the bit lines 104a, 104a’, 104b, 104b’ approach the
threshold potential of NMOS transistors 301, 302, the transistor with the gate coupled to
the higher voltage bit line begins to conduct. This causes the lower voltage bit line to
discharge towards the voltage of the NLAT* node. Thus, when node NLAT* reaches
ground potential, the lower voltage bit line will also reach ground potential. The other
NMOS transistor never conducts since its gate is coupled to the low voltage digit line being

discharged towards ground.

[0012] The P- sense amp 310P is triggered (after the N- sense amp 310N has been
triggered) by bringing the potential at node ACT from ground towards Vcc. As the
potential of the lower voltage bit line approaches ground (caused by the earlier triggering

of the N- sense amp 310N), the PMOS transistor with its gate coupled to the lower
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triggered) by bringing the potential at node ACT from ground towards Vcc.
As the potential of the Iower voltage bit |ine approaches ground (caused
by the eawbiosnsg84 ggering of the N- sense anp 31 ON), thecPNSB/0MaNSi st or
with its gate coupled to the lower 5 WO 03/058634 PCT/ US03/ 00239 potenti al
bit line will begin to conduct. This causes the initially higher potenti al
bit'line'to be charged to a potential of Vcc. After both the N- and P-
sense appengalon lisa ofl hegie tolseaducty i Hhjefaatcs thednitiady dighes posgéiabpit linete has
its potential elevated to Vcc while the |ower potential bit line has it
pot ent i B¢ chBEUE 86l a porditRUBAVcd hiser bbth thed¢essd Df sdrse gaRE 310Ny BILOP lnease
anps 310N, 310P anplifies the potential difference created by the access

operatign to. a |leyel,suita f,or .. use, . gL tal 1 Cl jt t] ar,
the. bi t ororriegbsst KL st BBt he Y uEos B RShad o st R bidis b gk
driven fromthe pre-charge potential of Vcc/2 to ground if _the pmenpry cell
100a st pesatial binklnghacis posassisheidvged &0 grayndar Yhws, thy prasesscf tiggers hefPor y
cell 100a stored a charge corresponding to a binary 1, thereby permtting a
conpar aicpke 4idps 340N, 8nertangblifziphd poenjialdbffercaotipleed dily dhictacddshoperdfida to
104a' to output a binary O or 1 consistent with the data stored in the

st t a binary 0 or 1 consiste he data st |
the capagrtoriifbdos i dR gl Bfplictunt W HGRE10(lIIBEL viugRT O
tate. 0013] Effort ti to identif th f f | t

For usememorERbR )08 P TeRbBARIYCa iR BAF PvaIaBE0eEa Sk ey Jugound 1

materials that can be programmed to exhibit either high or | ow stable
ohni ¢ sitair@smody pelbhOGsTalide clesgs tanesportmgriota biharysiadr todleerif de memlody be
programmed (set) to a high resistive state to store, for exanple, a binary

dit adgit ?elpi(SOaOsrtoférdOag&ﬁqg?goﬁgsp@nhﬁﬂ‘@[ t'beaslgiﬁgtiyvle, tﬁ&%i)? pteﬁnﬁﬁﬁé & c@nﬁjaﬂﬁf)y (orO
differential amplifier) 350a coupled to bit lines 104a, 104a’ to output a binary 0 or 1
consistent with the data stored in the cell 100a on signal line 351. Additionally, the charge

initially stored on the capacitor 102a of the accessed cell is restored to its pre-access state.

[0013] Efforts continue to identify other forms of memory elements for use in
memory cells. Recent studies have focused on resistive materials that can be programmed
to exhibit either high or low stable ohmic states. A programmable resistance element of
such material could be programmed (set) to a high resistive state to store, for example, a
binary “1” data bit or programmed to a low resistive state to store a binary “0” data bit.
The stored data bit could then be retrieved by detecting the magnitude of a readout
current switched through the resistive memory element by an access device, thus indicating

the stable resistance state it had previously been programmed to.



The stored data bit could then be retrieved by detecting the nmagnitude of a
readout current switched through the resistive nenory el enent by an access
devi ce, tWwosiossdBLati ng the stable resistance state it hadrarsevomes! y been
programmed to. 6 WO 03/058634 PCT/US03/00239 [0014] Recently chal cogeni de
gl asses fabricated with solid electrolyte such as a netal doped

chal cogeni de have been investigated as data storage nenory cells for use in
menory [@Evi]ces, ReaeoHy abalbRtMidegiasses Gdvicaed with S:lidredtentlgtesuzs 2s 2 paetal
5,896, 312, 5,914,893, and 6,084,796 all describe this technology and are

i ncor poH@%&QcMJo?cHidQ%a@@%@E@ RfRstight&] asSdR% d@BageShbmody Eelbdbt 86 in memory

programmabl e conductor cells (alternatively, they are al so known as

Phat |t drgpsectiys DEEM Sbetd dEbicen: G dredts Britel Guond S 12 na0T e oo

chal cogeni de and a cathode and anode spaced apart on a surface of the fast
i on conaut 6d184,74phll desciiba tuf technolagygadase oxorpemteddaarbindey whitengeodkhe
causes growth of a netal dendrite which changes the resistance and

capaci t aaeeQlellf e GRéd pMYrEAntdl tdiRMCRS dBEIdthiivelStiititae akORABIVnGse

particul arl'y prom sing progranmabl e, bi-stable resistive material is an

Chal CogbiEtmRRRl P tinaengefidh (P SR R Rgn s bar e B TR can be

programmed to a | ow resistance state by passing a current pulse froma

vol t ageinsfudssisolibmetad slegrriolyye stahoasghmetnd doped chafengenida anska sathpdegrdmabl e
conductor, also known as a dendrite, to grow between the anode and cat hode
whi ch | oNedeSspab@l £l off §ShFh@N6fthe Aust IeH EQGRRESIE ASTRGboR log A& BltagSackb@P! ¥
witten over by the appropriate current pulse and voltage polarity

(rever Salcogat}tlct]&t m%&ncoraevcwahgc%%rg% of a metal dendrite which changes the resistance and

capacitance of the cell which can then be used to store data.

[0015] One particularly promising programmable, bi-stable resistive material is an
alloy system including Ge:Se:Ag. A memory element comprised of a chalcogenide material
has a natural stable high resistive state but can be programmed to a low resistance state by
passing a current pulse from a voltage of suitable polarity through the cell. This causes a
programmable conductor, also known as a dendrite, to grow between the anode and
cathode which lowers the cell resistance. A chalcogenide memory element is simply written
over by the appropriate current pulse and voltage polarity (reverse of that which writes the
cell to a low resistance state) to reprogram it, and thus does not need to be erased.
Moreover, a memory clement of chalcogenide material is nearly nonvolatile, in that it need
only be rarely (e.g., once per week) connected to a power supply or refreshed, in order to
retain its programmed low resistance state. Such memory cells, unlike DRAM cells, can be

accessed without requiring a refresh.



cell to a lowresistance state) to reprogramit, and thus does not need to
be erased. Moreover, a nenory elenent of chal cogenide material is nearly
nonvol at iwe,osiomsehat it need only be rarely (e.g., once per/use®i)239
connected to a power supply or refreshed, in order to retain its
programmed | ow resistance state. Such nenory cells, unlike DRAM cells, can
be ‘accessed without requiring a refresh. 7 WO 03/058634 PCT/ US03/ 00239
[0016] [MWIL6d corWhile comedntivenkensmmpicireuittys suchsasshossasseaied ¥68b

with DRAM cells, are capable of sensing programmabl e conductor random
access fERDIY AFERAM senSidk! progltemisit bAludtef FRAYDNO R&ea hemoas (RCRAMY Wi t h
these sense anplifiers are no? required in a PCRAM context. |ndeed,
frequent . rewiting, of. PCRAM cells is, npt. i.rahle be se. it .cause
the  porsslictie i @ess optiarop an ettt MiP S Ph R AR nar R
need and desire for a circuit and nethod for readi ng PCRAM cel|ls w t hout

r ef r eshi RERAMmonsvMVARYeads fregeenNeringne [ RIOBAM weils 1pnet desirablekastyssit i s
directed to a nethod and apparatus for reading a PCRAM nenory cell w thout

r ef r eshifpgcadubedePCRAM call By Be@IRE isietht o iwafiber Acberdiglpgharriabinecd
conductor of the PCRAM cell has been coupled to i1ts bit li1ne, the

programmabl.e.caonductor. is.electri-cally d I Lh: g The
pr edet e?f"ff ﬂ%sélrcq?)f ATt %‘ﬁ%gécﬁﬁ?% f%rerc%lglf)l%W%ﬂﬁe&gﬁ%&g&ﬁ%‘éﬂ%\p‘ %gln'd P-
sense anmplifiers have been activated. In this manner, the N- and P- sense
anplifier can change the potential on the bit |ine w thout causing the
altered potential to rewite the PCRAMcell. In PCRAM arrays which use

access transistors having gates coupled to word lines, the present
i nvention may

SUMMARY OF THE INVENTION

[0017] The present invention is directed to a method and apparatus for reading a
PCRAM memory cell without refreshing the cell. At a predetermined time after the
programmable conductor of the PCRAM cell has been coupled to its bit line, the
programmable conductor is electrically decoupled from the bit line. The predetermined
time is chosen to be a point in time before the N- and P- sense amplifiers have been
activated. In this manner, the N- and P- sense amplifier can change the potential on the bit
line without causing the altered potential to rewrite the PCRAM cell. In PCRAM arrays
which use access transistors having gates coupled to word lines, the present invention may
be practiced by deactivating the word line at the predetermined time after the word line has
been activated. In PCRAM arrays which do not include access transistors, isolation
transistors may be added on each bit line between the PCRAM cell and the sense amplifier

to decouple the PCRAM cells from their associated bit lines.



be practiced by deactivating the word line at the predetermned tine after
the word line has been activated. In PCRAM arrays whi ch do not include
access trwpIBmsweB4s, i solation transistors may be added omceamsh3Awi289 | i ne
bet ween the PCRAM cell and the sense anplifier to decouple the PCRAM cells
fromtheir associated bit lines. 8 WO 03/058634 PCT/ US03/ 00239 BRI EF
DESCRI PTI'ON OF THE DRAW NGS [0018] The foregoi ng and ot her advantages and
features of the invention will becone nore apparent fromthe detail ed
description of exenplary enbodi ments of the invention given below wth
reference to the acconpanying drawings in which: [0019] FIG 1 is a
schemati c di agram of apRIBFEDESORIPTIBAMORTHE ORORINGI G 2 is a

schemati c di agram of a conventional DRAM array; [0021] FIG 3 is schematic
di agram a conventional sense anplifier; [0022] FIG 4 is a schematic

di agram of a PCRAM cel|l; [0023] FIG 5 is a schematic diagrama PCRAM
array; [@034] FI'ls fegeing 268 caher advantagesinsfcamges off thetineanitieg wildegemeages
on the word and bit |lines when a PCRAM cell is read in high resistance and
| ow 1 esjaRSSarsl @6, the HEMEE e¥@ipYionl SF;%einphirsembotifménts lof thCiaeition
illustrating the method of the invention; [0826 FIG 8 is a block diagram
of a processo

pri nci pP&E™ FfQ“f?@?‘ﬁ?f&%\éﬁs{{cg?ﬂbﬁ?ﬁﬁ%ﬁ] firg AaMdgd in WG AaNCE W th the
[0019] FIG. 1 is a schematic diagram of a conventional DRAM cell;
[0020] FIG. 2 is a schematic diagram of a conventional DRAM array;
[0021] FIG. 3 is schematic diagram a conventional sense amplifier;
[0022] FIG. 4 is a schematic diagram of a PCRAM cell;

[0023] FIG. 5 is a schematic diagram a PCRAM array;

[0024] FIGS. 6A and 6B are timing diagrams illustrating the voltages on the word and
bit lines when a PCRAM cell is read in high resistance and low resistance states,

respectively.
[0025] FIG. 7 is a flow chart illustrating the method of the invention;

[0026] FIG. 8 is a block diagram of a processor based system including a PCRAM in

accordance with the principles of the present invention;



WO 03/ 058634 PCT/ US03/00239 [0027] FIG 9 is a schematic diagramof a
PCRAM array according to a second enbodinent of the present invention; and
[ 0028] FIv&0 03058634 a schematic di agram of an alternative erbodisSosaRiof a
PCRAM cell for use with the PCRAM array of FIG 9. DETAILED DESCRI PTI ON OF
THE |1 NVENTI ON [ 0029] Now referring to the drawi ngs, where |ike reference
nuneral s designate like elenents, there is showmn in Fig. 4 a PCRAM cel

400 andlQ027fi g. BG Ssnochenatd diegsoo ofa PidhdM armsacser RsEPdf a
plurality of PCRAM cells 400a-400h. As illustrated in Fig. 4, a PCRAM cel

400 conghbs@ndit ACEEpfeséitanSdiiod: ad@1l, a programmabl e conductor menory
el enrent 402, and a cell plate 403. The access transistor 401 has its gate

coupled to a word line 405 and one termnal coupled to a bit line 406. A
smal|l portion of an array of such cells is shown in Fig. 5 as includin
bit Iink28i6a, BlEsalQ is466hsmatbGiiagraandf woelicrnptiveeemhodmentesls, PURAM celhd
405d. As shown in Fig. 5, the bit lines 406a, 406b are coupled to a

respect foy QsPLRcHCIMRITICRAM &ithy 8f BIa9. 105b, which can switchably supply a
pre- charge potential to the bit |ines 406a, 406a', 406b, 406b'. The ot her

termnal of the access transistor 401 is coupled to one end of the
programmabl e conductor nenory elenent 402, while the other end of the
programabl e conductor nmenory elenent 402 is coupled to a cell plate 403.
The cell plate 403 nmay span and be coupled to several other 10 WO 03/ 058634
PCT/ US03/ 00239 PCRAM cells. The cell plating 403 is also coupled to a

potential source. |nNDERAPRIPESYRIPTION OF THE INVENTION

[0029] Now referring to the drawings, where like reference numerals designate like
elements, there is shown in Fig. 4 a PCRAM cell 400 and in Fig. 5 a memory device 500 a
memory device comprised of a plurality of PCRAM cells 400a-400h. As illustrated in Fig.
4 a PCRAM cell 400 comprises an access transistor 401, a programmable conductor
memory element 402, and a cell plate 403. The access transistor 401 has its-gatc coupled
to a word line 405 and one terminal coupled to a bit line 406. A small portion of an array
of such cells is shown in Fig. 5 as including bit lines 406a, 406a’, 406b, 406b’, and word
lines 405a, 405b, 405¢, and 405d. As shown in Fig. 5, the bit lines 406a, 406b are
coupled to a respective pre-charge circuits 501a, 105b, which can switchably supply a pre-
charge potential to the bit lines 406a, 406a’, 406b, 406b’. The other terminal of the
access transistor 401 is coupled to one end of the programmable conductor memory
element 402, while the other end of the programmable conductor memory element 402 is

coupled to a cell plate 403. The cell plate 403 may span and be coupled to several other
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enbodi nent the potential source is at 1.25 volts (Vvdd/2). [0030] The access
transistor 401, as well as the other access transistors, are depicted as
N-type CMWUB oBossass st ors, however, it shoul d be under st oodpChatsoipwype CMOS
transistors my be used as |long as the corresponding polarities of the

ot her conponents and voltages are nodified accordingly. The progranmabl e
conductor *nenory el enent 402 is preferablé made of chal cogeni de, however,
it shouP@RAeMunter Thoodl phangaf isakecoppleditail potertil sonige. Irthe exeanplRiown
to those with ordinary skill in the art may al so be used. In the exenplary
enbodi n&%odinh&t%e%wctnmbkcﬁn@@nc&@qtm velerad g)ement 402 stores a binary 0
when has a resistance of approximately 10 K ohm and a binary 1 when it
has a resistance greater than 10 M ohm The progranmabl e conductor is
ideally programmed to store a low resistance, e.g., binary 0, by a voltage
of +0. 2p003#l]t anThe acrehetramsistor €01 tas veellis ghe Ddsirgtmasaansmbuearceilqpmtf—éas
binary 1, by a programm ng voltage of -0.25 volt. The programabl e

conduct . q@? rqlbﬁ)g] Aafgs by ﬁBW%@ér%’ltrsﬁégldqyc énd&adbaghyop WEUS RBnSistors

nmagni t ude ess t han 0.25 vol In the exenplary enbodi nment, the reading
voltage is 0 2 ver, it shoul .be r [ arent t |ternate
par amet 81 by i‘éige‘ﬁt\%ﬂ CPHFSRANIISPARTEES (Pfe% dﬁ?ﬂf? Qﬂ‘tj{ Wabal%c? he
spirit and scope of the invention. [0031] Fig. 5 |IIustrates a nmenory

devi ce &@imodifiediasiardireglpl Thalpregrammatderoendimtonysmospolsmess 2 leB@Iﬂ‘irﬁblryrDr y
array 550a, 550b includes a plurality of nmenory cells 400a- 400d, 400e-400h

ar rangegh gy otf'chhl@S%é}ucﬂ’é HebevE, i0dhoBRITBE Yingelstcod it hogsiHee bi-s@blchatistiee
menory cells 400 y given bit |ine 406a, 406a'’, 406b, 406b' do not

share am]é%crl kngévgégestﬁgsepv%r US 3 Ooﬁ?m the art may also be used. In the exemplary

embodiment, the programmable conductor memory element 402 stores a binary 0 when
has a resistance of approximately 10 K ohm, and a binary 1 when it has a resistance greater
than 10 M ohm. The programmable conductor is ideally programmed to store a low
resistance, e.g., binary 0, by a voltage of +0.25 volt and can be restored to a high resistance
value, e.g., a binary 1, by a programming voltage of -0.25 volt. The programmable
conductor can be nondestructively read by a reading voltage having a magnitude of less
than 0.25 volt. In the exemplary embodiment, the reading voltage is 0.2 volt. However, it
should be readily apparent that alternate parameters may be selected for the PCRAM cell

without departing from the spirit and scope of the invention.

[0031] Fig. 5 illustrates a memory device 500 comprising a plurality of memory arrays
550a, 550b. Each memory array 550a, 550b includes a plurality of memory cells 400a-
400d, 400e-400h arranged by tiling a plurality of memory cells 400 together so that the

memory cells 400 along any given bit line 406a, 406a’, 406b, 406b’ do not share a
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common word |ine 405a-405d. Conversely, the nmenory cells 400 al ong any word
| ine 405a-405d do not share a common bit |ine 406a, 406a', 406b, 406b'.
Each wor owbioa@sses4 switchably to a word |ine driver 512a- 2t2dises/e02a9

transi stor 510a-510d. Additionally, each word line may al so be switchably
coupled to ground via transistors 520a-520d. The gates of the transistors
510d- 510d, 520a-520d are coupled to signal lines 511a-511d used to_

sel ect | aehmonouptdlinet0smt85d.hEonvermely] thesnansay adls ¢00xisnpamt Werdbre | i ne
drivers 512a- 512b /ground. Each nenory array 550a, 550b has its own set of

bi t 1§ ngg5,-E05d e sRarc IERIRABnaSif Rire 5062 40%a!, udes, B0bL | PRS WERAinc496b,
whil e nenory array 550b includes bit |Iines 406a', 406b'. The bit |ines

from each adjacent pajr. of, .nmenor. s 550a, 5 Cc .

conmon SBHLERE 1 1Pe) ibHE T anas SFas VR garBreore o 1ok ARG s,
coupled to sense anplifier 600a, while bit |ines 406b, 406b' are coupled to
sense awptd finemayadothe Farcheblypsioupledyto grognd Fia tranpisters 5282 D 20dmokle grsos ce
having only two arrays 550a, 550b, and eight cells 400a-400h. However, it

shoul d §ecHiendasita9810R3 0He 82018008 areEmipled EEMpAASINeOBN Ua-B2YE used to
significantly nore cells and arrays. For exanple, a real world nenory

devi ce include, several mlliop.cel 4 0032 . i 500
al so i n%?%&é‘glyéoblﬂ? f?lipl%gcp‘?%{dg%ersg‘ieo%@f?dgsuq {Oﬁ\%ﬁ-&ég Q%Bﬁﬂﬁ%ﬁgg%\réeﬁ 2ﬁar ge
circuit (e.g., 501a) is provided for each pair of bit |lines coupled to a
sense aPb2b igeounds. ach mweswry a0sa' 5502Ea20b pesite panget ef biklipes. (Rorgexample 3)
includes two transistors (e.g., 501a, 501b). One term nal of each

transi shRmdr§ af@yB08 iddudest Bidsi4@6a, $066 Gehile manidig agxe FPORIncladdsddi nent ,
the potential source is at 2.5 volts (Vvdd). Another term nal of each
transi stor 9. 02 0 [ o] i ongdi L t=dd

(g hisdoadaoot Ane e Rlerfors 2 E8atche vt FRACHIRTRFLEREDL 580 e

502a, 502b) is coupled to o
coupled to a common sense amplifier 600a, 600b. For example, bit lines 406a, 4062’ are

e‘gate he each nsi st or

coupled to sense amplifier 600a, while bit lines 406b, 406b’ are coupled to sense amplifier
600b. For simplicity, Fig. 5 illustrates 2 memory device having only two arrays 550a, 550b,
and eight cells 400a-400h. However, it should be understood that real world memory
devices would have significantly more cells and arrays. For example, a real world memory

device may include several million cells 400.

[0032] The memory device 500 also includes a plurality of pre-charge circuits 501a-
501b. One pre-charge circuit (e.g., 501a) is provided for each pair of bit lines coupled to a
sense amplifier (e.g., 406a, 406a’). Each pre-charge circuit (e.g., 501a) includes two
transistors (e.g., 501a, 501b). One terminal of each transistor is coupled to a potential
source . In the exemplary embodiment, the potential source is at 2.5 volts (Vdd). Another
terminal of each transistor (e.g., 502a, 502b) is coupled to its corresponding bit line (e.g.,

406a, 406a’, respectively). The gate of the each transistor (e.g., 502a, 502b) is coupled to
12



12 WO 03/ 058634 PCT/ US03/ 00239 a pre-charge control signal. As illustrated,
the transistors (e.g., 502a, 502b) are P-MOS type transistor. Thus, when
t he pre-cWarigesssgnal is |ow, the transistors (e.g., 502apCcii&o}/0026onducts,
t hereby pre-charging the bit lines (e.g., 406a, 406a'). Wen the pre-charge
signal is high, the transistors (e.g., 502a, 502b) are switched off. Due to
capacitance inherent in the bit lines (e.g., 406a, 406a'), the bit |ines
will reagrachargappnwsi sgnal Wstilhetrapde tiherppsistows| (eaye502ay 802bf arz BEMOSt s f or
a predeterm ned period of tinme. [0033] Reading a PCRAM cel |, for exanple,
cel | 408ae thdhsikhn. H%Mvﬁ@ﬂkﬁ@p@o&uar%@ﬁgﬁdmﬁﬁw, ke eRA%RLIORS. 05026 6025) ng
e

and sensing. [0034] The purpose of t access operation is to create a
smal | potential, difference . be en. th ity n ,€. i ")

coupl edc?lbcputcl’ise therrhy Qﬁcﬁ‘[s]barﬁ%l %%%éﬂlr@?%g;’ 86&?6%% y taf1}1ee nfr%e?lg%rr %/é@aggf 400a
being read. This small potential_difference can be subsequently anplified
by a sesigealdnbight He tramisters (eige 1 Mae §AP Hare switchedioffo Rupkreppeditangedri ve a
conparator coupled to the bit lines to output a value corresponding to the

cont ent ;iRfedt i thdBiGinYs (& |, 4089210\t bie lined ®ill iehghih @t kpfgoximatélpehaccess
operation begins with the pre- charging of the bit lines 406a, 406a', 406D,

406b"' of the ne evic 0 Vi re- . LLCui Ola-501b (step
S). ThErBE Ractsde e & ate el By Batiss RG] BhiG ol Bk™ O

pre-charge signal |ow, causing transistors 502a-502d to conduct the pre-
charge voltage (Vvdd) to the bit |lines 406a, 406a', 406b, 406b'. Once the

pre- chaj@g3 3] gnakcadify HITGRAM el if@hexahple€ ccll BOOL [ iANGE PCRAMDAR BRI st op
conducting, ‘but the bit lines 406a, 406a’, 406b, 406b" will remain at the

pre-c hang%pﬁgctsetﬂé iogltrafti(());ls 3¢ chcecgs%[ge{nrg pe%(sjmg.er tod due
[0034] The purpose of the access operation is to create a small potential difference
between the bit lines (e.g., 406a, 4062’) coupled to the same sense amplifier (e.g., 300a) of
the memory cell 400a being read. This small potential difference can be subsequently
amplified by a sense amplifier 300 to the threshold required to subsequently drive a
comparator coupled to the bit lines to output a value corresponding to the contents of the
memory cell 400a. Now also referring to Fig. 7, the access operation begins with the pre-
charging of the bit lines 406a, 406a’, 406b, 406b’ of the memory device 500 via pre-
charge circuits 501a-501b (step S1). The bit lines may be pre-charged by temporarily
bringing the pre-charge signal low, causing transistors 502a-502d to conduct the pre-
charge voltage (Vdd) to the bit lines 406a, 406a’, 406b, 406b’. Once the pre-charge signal
returns to a high state, the transistors 502a-502d stop conducting, but the bit lines 406a,

406a’, 406b, 406b’ will remain at the pre-charge potential for a predetermined period due

to the capacitance inherent in the bit lines.
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to the capacitance inherent in the bit lines. 13 WO 03/ 058634

PCT/ US03/ 00239 [0035] In the exenplary enbodi nent, bit |ines 406a, 406a',
406b, 406W0 oansseps e- charged to 2.5 volts and the cell pl @ce/us08e0239103b is
tied to 1.25 volts. The 1.25 volt potential difference between the bit
line and the cell plate will cause the bit line to discharge to the cell
pl ate through the access transistor 401 (when it is in a conductive state)
and t he[@035gr ammbbtte conghlaoy embelmeyt, bitdinen d0682406aA4Mibs dR@Pgarerpite i s
dependent upon the resistive state of the programmabl e conductor nenory

el ement cﬁé}gcd td B volfs arfl dhRWell $RitS UDIL, U3 6 deldleh 1C281561td. hEhdL 125 Vale to
di scharge faster than a high resistive state. As the bit |ine discharges,

its voltage wll.fall fromthe pre-charge vgltage.toward, ¢ .cell plate
vol tagePO?c@@g%‘flﬁFFF“fﬁgc%%'?‘e&’E i ea”é{)%,c thﬁé’tl%gr“aﬁ (&S ‘iggé‘.ﬂ %ggd are
normal [y at ground potential. Thus the access transistors 40la-40le are
nor mal | disshvirge be thoédll plhsehadegh theeicesss tragsistor E0d whep ikisdn Bongectiviene T1,
the word |ine 405a associated with the cell 400a to be read is activated

by bri ngi,0g ahHshOpt&gtahhatlé IR O rRcRhRACYUOR MTIRAib@MAIe aBd 8P S2) .

The predeterm ned |l evel is designed to create a reading voltage at the

bl tact 402 ' ' I | ai t
ragni + ufeptreiea® BRGR T e fi MreelaBE PO Y TR OO gy BB B2,

enmbodi ment, the word line 40la is br qught to 2.25 volt. Since the |
t hr esholThavyis) 2 baye rasistivhstate wilk¢ase theoit Ang so disgharge fastarriban psighntesisivat t he
interface between the transistor 40l1a and the progranmabl e contact 402a 1is

1. 45hV0!s$atc. Tz?i the' 6518 Uhé HiskRarged, @8 dohggd/ @il Algrdh tRe grevelidrgs volegettberandbtiicage
at the Interface

cell plate voltage.

[0036] In the memory device 500, the word lines 405a-405d are normally at ground
potential. Thus the access transistors 401a-401e are normally switched off. Now also
referring to Figs. 6A and 6B, at time T1, the word line 405a associated with the cell 400a
to be read is activated by bringing its potential from ground to a predetermined level (step
$2). The predetermined level is designed to create a reading voltage at the programmable
contact 402a, which as previously explained, must have a magnitude less than the
magnitude of a writing voltage. In the exemplary embodiment, the word line 401a is
brought to 2.25 volt. Since the threshold voltage of the transistor 401a is 0.8 volt, the
potential at the interface between the transistor 401a and the programmable contact 402a
is 1.45 volt. This results in a reading voltage of 0.2 volt since the voltage at the interface

between the programmable contact 402a and the cell plate 403a is maintained at 1.25 volt.
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bet ween the progranmabl e contact 402a and the cell plate 403a is maintained
at 1.25 volt. 14 WO 03/058634 PCT/ US03/ 00239 [0037] Due to the inherent
par asi ti cwoapasseBance between the word |ine 40la and its pavdsos/ened bit

|l i nes 406a the potential in the associated bit |ine 406a increase as the
word line 40la is activated. In the exenplary enbodi nent, the potential in
bit 'ine 406a increases by 0.1 volt to 2.6 volt. It should be noted that

t he wor [D037Hes 4DB&e to 4Sthheomy pheditceapmigahenbetwgey the word fiee 49dsand iwoeb’
remai n at ground potential. Thus, bit lines 406a', 406b' renmain at the

pr e- chay g ipRH lidds 408ithE pbientiaPinVidk tasd it ELR KAERI0BE Yncresbagkieewbrd
[ 0038] The I ncreased potentPaI of bit line 406a is used in conbination with

the two, bi-stable resistive states of the ra | e. cont.ac 02a to
cause ofe éPf"l HeaCBY"ctC‘ii i‘é%hc premplary AF%%C)CJ}‘&‘SHW@% p gg&g‘ag'éh@éh{a’%%ﬂg? i er

(e.g., 300a) to have either a greater or |esser voltage than the other bit
li ne (eingreases08a0. )l vodigol 26 votr. tinehedddegemtisd thatshe woed%@oeé%c,éé)s’iém ially,
the parasitic capacitance between word |ines and associated bit lines is
used t 0co@N8d &Y CordPlchitinkirg!bislimds &L0#AE MO6bh eerbiih at pRudEp@rentifi0BEus, bit
associated with the cell 400a being read is at a higher potential than the

ot her bj.t |jne,406a', coupl to_the sane sense,. I £1 er .300a nory
i s desi bﬁlfesd‘i(gﬁ@ DPaT é‘f@%&%%ﬁgfﬁ'f arg%gogpgl@gév%n?ej'%gﬂ{t%t%c %}Z;Etbq% s a
hi gh resistive state, bit Iine 406a discharges slowy, thereby causing it
to mai embodimens. rel atively higher potential. However, if the progranmmbl e
contact 402a has a lowresistive state, bit |line 406a discharges at a
faster rate, so that bit line 406 transitions to a |ower potential state

than B foddd1® 19Re inclli8eE pbtiRusl St En€ 306PR REFTh CYmBAIRRN itk Bidtwo

bi-stable resistive states of the programmable contact 402a to cause one of the bit lines

(e.g., 406a) coupled to a sense amplifier (e.g., 300a) to have either a greater or lesser
voltage than the other bit line (e.g., 406a’) coupled to the same sense amplifier 300a.
Essentially, the parasitic capacitance between word lines and associated bit lines is used to
achieve an initial state where the bit line (e.g., 406a) associated with the cell 400a being
read is at a higher potential than the other bit line 406a’ coupled to the same sense
amplifier 300a. The memory is designed and operated so that if the programmable contact
402a has a high resistive state, bit line 406a discharges slowly, thereby causing it to
maintain its relatively higher potential. However, if the programmable contact 402a has a
low resistive state, bit line 406a discharges at a faster rate, so that bit line 406 transitions to
a lower potential state than bit line 406a’. These two effects can be seen by comparing Fig.
6A (illustrating the effects of a programmable contact at a high resistive state) and Fig. 6B

(illustrating the effects of a programmable contact at a low resistive state.)
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6A (illustrating the effects of a progranmabl e contact at a high resistive
state) and Fig. 6B (illustrating the effects of a programabl e contact at
a | ow reswetswssest ate.) 15 WO 03/058634 PCT/ US03/ 00239 [ @a3ajsozvose me T2,
a predetermined time t after time Ti (step S3), the word |ine 405a
associated wth the cell 400a being read is deactivated by returning its
potential" to ground (step S4). Word |ine deactivation nmay be achi eved by,
for exaf@039] gr oAndinedl2,erprcdetermbied tame whitehtimic| T1 (saeps83 1, ke wordhline ¢8pa
510a serially coupling the word |ine driver 512a to the word line 405a to

stop copdyghieAGyichl HeScelUch WRfidg RGOS dedckipnel PyaeturAibacs fétntidlabghyund

preventing further discharge of the bit |ine through the programabl e

cont act , 402 e,.. This also prevents.the,anplified, potentjal diffearence
Govel opbtetigt) nors ine didesRatine iR 6 P ol Pl er Ml petyind
(witing) the programmabl e contact 402a, 402e. In the rare instance when
it woul 81bs wlesh malbtast she shnsisthr 6hea exsidlp noupliig theevprdlipadaivs|Sd 2a conheact
402a, 402e, the word line can be held high for a | onger period of tine.

Thi s moderd Ahe 205K 88 5P dohdaboNgm Tha shiies siRghes drimGeors 20Th 0801 Bhretyd 6B.
In the exenplary enbodinent, the predetermned tine t is approximately 15
nanosecond (i..e T2 = T1 + sS).  [.D040] Lt shoul d not ed t

Val ves BrReRiie Rt eshacgs ot dhe Stins bR R ge TR SObAF: P2 2
invention. In particular, the objectives of the present invention wll be
real i ze@hisyalsel prevarite thd ymplifiespotengalididersneydensiansdedwing detsubscaweihe bit
line at any tinme before the bit |line voltages are anplified by the sense
anplifi %xﬁn%%raﬁ&pﬁoﬁpre&ekmﬁgl(wdﬁh%ythcr@@gkatmﬁnabm@m& @0k 2403H. finedhence

across the programmabl e contact reaching threshold
rare instance when it would be desirable to refresh the contents of the programmable
contact 402a, 402¢, the word line can be held high for a longer period of time. This mode
of operation is shown via the dashed trace in Figs. 6A and 6B. In the exemplary

embodiment, the predetermined time t is approximately 15 nanosecond (i.e., T2 =T1 + 15

ns).

[0040] It should be noted that the values of t and T2 may be varied without departing
from spirit of the invention. In particular, the objectives of the present invention will be
realized by electrically decoupling the programmable contact from the bit line at any time
before the bit line voltages are amplified by the sense amplifiers 310N, 310P to a level
which result in the potential difference across the programmable contact reaching threshold
required to write the programmable contact. Thus, while Figs. 6A and 6B illustrate T2
occurring prior to either sense amplifiers 310N, 310P being activated, depending upon the
electrical characteristics of the memory device 500, T2 may occur, for example, between

the activation of the N- sense amp 310N and the P- sense amp 310P. Regardless, the
16



required to wite the programmable contact. Thus, while Figs. 6A and 6B
illustrate T2 occurring prior to either sense anplifiers 310N, 310P being
act i vat edwodepsssdd ng upon the electrical characteristics paff/tsogoomanory
devi ce 500, T2 may occur, for exanple, between the activation of the N
sense anp 310N and the P- sense anp 310P. Regardless, the 16 WO 03/ 058634
PCT/‘US03/:00239 predetermned tinme t nust be sufficiently long to permt

t he | ogpredktesmirier tirhe ttmeust e agffaiamslylleng om gaonio thel Bgical statreofr@f| ect ed on
the bit line 406a; i.e., the bit line 406a voltage to be sufficiently

al ter e%ﬁ%ﬂlﬁﬂﬁ&ﬁé&dﬁ@ﬁfr%ﬂQ!)tb%qgﬂ&ﬁfcd Bg tHé BRI EN] QUKL bibEne 406a

progra e conductor 402a so that the two resistive states of the

progra bl e onduct or 4Q2a n be distjnguished and anpl.ified b h

D enee aAEE oo T T carom e Bt haperaen by b BHase S hspleh dfe 510
is activated (start of step S5). As previously noted with respect to DRAM
syst ensprogrimuablengrduetdi4Rase thapthe friverregstisessates dfethigiprogiamenglde g,

406a') having the |lower potential to be pulled with the NLAT signal toward

ground. .4 .py {86 SO BhAYSIIANHIENN abdblif dARPIHR AR SANIRP 308R0second
after gI'l. However, 1t should be not eagls% hat t'he val ue may be varied

W t hout departing from spirit of the invention. [0042] At tinme period T4,
the P- sense anplifier 310P is activated. As previously noted with respect
t o DRAM @04t ens, Aaticvatioddl 3, the N-sensearapjfidrf3 10N cagsested Heatsiaf steaprd ).
(e.g., 406a) having the higher potential to be pulled towards Vcc. In the

exenpl a ﬂ%{EQB j ififtrd TORARR ' Shplifick EAMeOf
step SS?‘.Xp V\evgjrlti@dle?wgihf)éa %@E(g not edgﬁkﬁ?égﬁﬁé@@ggﬁgeggﬁ%%mf bg varfed

wi thout th%et?i? i Ic ?ggf, ril?)rér]a%q'{auntg tgfc lcgvbg' potential to be pulled with the NLAT signal

toward ground. In the exemplary embodiment, T3 is approximately 30 nanosecond after
T1. However, it should be noted that the value T3 may be varied without departing from

spirit of the invention.

[0042] At time period T4, the P- sense amplifier 310P is activated. As previously
noted with respect to DRAM systems, activating the P-sense amplifier causes the bit line
(e.g., 406a) having the higher potential to be pulled towards Vce. In the exemplary
embodiment, T4 is approximately 35 nanosecond after T1 (end of step S5). However, it
should be noted that the value of T4 may be varied without departing from spirit of the

invention.

[0043] At time T5, the sense amplifier 300a associated with the cell 400a being read
will have one of its bit lines (e.g., 406a) at Vcc potential and the other bit line (e.g., 406a’)
at ground potential. Since one bit line coupled to sense amplifier 300a is now at ground

potential while the other bit line is now at Vcc potential, a comparator (or differential
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invention. [0043] At tinme T5, the sense anplifier 300a associated wth the
cell 400a being read w Il have one of its bit lines (e.g., 406a) at Vcc
pot ent i alwandosdses ot her bit line (e.g., 406a') at groundprpotusni/o®@Be Since
one bit line coupled to sense anplifier 300a is now at ground potenti al
while the other bit line is now at Vcc potential, a conmparator (or
differential 17 WO 03/058634 PCT/ US03/00239 anplifier) 350 can be used to
out put amplfiary 366rcrr Sponed hyonput Revabismosrsspording e thetongpep! the cel] dAda

| ine 351a. [0044] Fig. 9 is an illustration of a nenory device 900
accordigwsﬁﬁhﬁﬁh@ggpﬁnate enbodi nent of the present invention. This
alternate enbodi nent is designed for use with PCRAM cells which do not

i ncl ude an access transistor 401. For exanple, Fig. 10 illustrates one
exanpl e of a PCRAM cell 400" which utilizes a pair of diodes 100l1a, 1001b
in |ieu0M4dn ackigs? it amailgstsatorn ofis mentary tdesice §00taheord@Tipatg vehlkernam:
features a programmabl e conductor nenory el enment 402 which is coupled to a

bi t 1 ngnbOdimeHof thé PESAHTTAR RidHO NHIG LRErmARNGhBo@heiR K ddihedSonlisOwith
coupled to the word ITne via a diode <circuit 1002. The diode circuit

conpris t dj,odes. 1001a,. 1001b arranged .as 0045] «The ynenory
v ce. BEBAE GluRRaaty 62 ip Bk p et AR A Re Re 307 s BBV B A0 T e i ¢ s
enbodi ment. However, nenory device 900 includes new isolation_transistors
901a- 90dldstwatics hns exdnaple pf e FHARAM ¢¢lb4@@nskich mpilizes 2par 86dipdesd@la,d ARE bi t
i nes 406a, 406a', 406b, 406b'. The invention operates in nmenory device
900 in @ INRNGEIn MREY cravksiBidr aAstiBustRR® \thé PORAMDEN 0 gpdrutddat i nstead of

deactivating word lines 405a to
programmable conductor memory element 402 which is coupled to a bit line 104. The

programmable conductor memory element 402 is also coupled to the word line via a diode

circuit 1002. The diode circuit comprises two diodes 1001a, 1001b arranged as shown.

[0045] The memory device 900 is otherwise very similar to the memory device 500 of
the first embodiment. However, memory device 900 includes new isolation transistors
901a-901d which serially connect the sense amplifiers 300a, 300d to the bit lines 406a,
406a’, 406b, 406b’. The invention operates in memory device 900 in a manner very
similar to memory device 500 except that instead of deactivating word lines 405a to
electrically decouple memory cell 400a from amplified voltages on the bit line 406a’ prior
to sensing, the isolation transistor 901a, which is normally conducting, is turned off,
thereby bifurcating the bit line 406a. The portion of the bit line between the transistor
901a and the sense amplifier 301a will then be sensed while the portion of the bit line
between the transistor 901a and the pre-charge circuit 501a will be isolated from the sense

amplifier.
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el ectrically decouple nmenory cell 400a fromanplified voltages on the bit
line 406a' prior to sensing, the isolation transistor 901 a, which is

nor mal | y wonduostedfg, is turned off, thereby bifurcating trhe/usosedsne 406a.
The portion of the bit |line between the transistor 90la and the sense
anplifier 301a will then be sensed while the portion of the bit |ine

bet ween the transi stor 90la and the pre-charge circuit 501a will be

i sol at ef0G46dm t hEigs 8 nse blaakplidgramrof QB ovEsoEh B4 6B rPGH0USI BEIINPRIGD46]
Fig. 8 is a block diagramof a processor based system 800, such as a

conput efysrey loBMinin@ i PCRIAM semREBANE @2 MERSEUBIDEs dBERb Bldnascass oidibed
in connéction with "the other figures. The nenory 802 may be constituted as

e, TR Rt o Ll S BLARL BoRS lr

ot her plug-in menory nodul e. The processor based system 800 includes a
pr ocessoenggy intggraserbeiycidBanoented 99 & tnetrage Boduleafrt cxamplapa plegrie B1egmry
each coupled to a bus 805. Wiile a single processor 801 is illustrated, it

shoul d RRduRdfIchtQAbTIMIFE, TRMVIFE %% @th&Plug M hiknberyanydilk PR procasastsed and
may include nultiple processor and/or processors and co-processors. Menory

802 is illus ted i,n Fig. 9 havi ng a urality of R i 00.
rovever YoisdnsP0 §asafha eyt Bl sy A bastdieles io i gh 1O,

| arger plurality of PCRAM devices 500 than illustrated,  and/or may include
addi t i odetice $04mcach crvplsdites busifOr- A hieasinglapidcessaeRBl ys Hpsteatedat

menori es. Wiile one mass storage 803 device is illustrated, the processor
based syghiginbe 3Acrsyod bt pabcedsd?|80n alould bohnyregs cftprbagsordend mepinchaksi bl y

of varying types such as, but
multiple processor and/or processors and co-processors. Memory 802 is illustrated in Fig.
9 as having a plurality of PCRAM chips 500. However, memory 802 may only include a
single PCRAM device 500, or a larger plurality of PCRAM devices 500 than illustrated,
and /or may include additional forms of memories, such as non-volatile memory or cache
memorics. While one mass storage 803 device is illustrated, the processor based system
800 may include a plurality of mass storage devices, possibly of varying types such as, but
not limited to, floppy disks, CDROMs, CD-R, CD-RW, DVD, hard disks, and disk arrays.
I/0 device 804 may likewise comprise a plurality of I/O devices of varying types,
including, but not limited to keyboard, mouse, graphic cards, monitors, and network
interfaces. Bus 805, while illustrated as a single bus may comprise a plurality of buses
and/or bridges, which may be coupled to each other or bridged by other components.

Some of the devices 801-804 may be coupled to only a single bus 805, others may be

coupled to a plurality of buses 805.
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not limted to, floppy disks, COROVWs, CD-R, CD-RW DVD, hard disks, and
disk arrays. /O device 804 may |ikew se conprise a plurality of 1/0

devi ces oWowanysesg types, including, but not Iimted to lpeylsas/di2inouse,
graphic cards, nonitors, and network interfaces. Bus 805, while
illustrated as a single bus may conprise a plurality of buses and/or

bri dges, which may be coupled to each other or bridged by other conponents.
Sone of [(0H&]deviEespBsdntsoventmyn frovicos pPERAM ol 40Gard agrashed forgradingt her s
may be coupled to a plurality of buses 805. 19 WO 03/ 058634 PCT/ US03/ 00239

[0047] TRe&oRt&EBE cH BN GPHsiRE Qs ampafiESRNIVEE Jur 400riang che b@itbad Jfehe

reading the contents of the cell 400 using sense anplifiers but w thout

rewiting the contents. of. the cell. Rewite prevention is, achigwe

| col at | - (REvERdy iR s s RucRo e shE pREF BRI Rt B SR | e
406 a predeterm ned amount of tine after the programmable conductor 402
has beeselled®tfroircdiel bit boupDéd prodathrminid apioyat o0 6merHecrshe geagsp

anount of tine corresponds a time prior to the activation tine of both the

N and BnfRaset02ARSHRhMbct3dAR colipletifte thx 8imlinr406: moRelpradatermimel PCRAM
cell 400 includes an access transistor 401 for electrically coupling and

decoupling the.cell to the bit line. The access _transi ) 3 te
coupl edal{‘au%t Hotiie PHESPORl & Hpt, PHRE t%)@%cn%ﬁ NPYOR %ﬂoﬁtb%f #e) l‘mvlz\i/oal? d& P?Cﬁe
is deactivated the predeterm ned amount of tinme after it has been

act i vat@dps 31005 8b9Pedsuht axemplary erheodigranyathicdiCRAM pall 400 igekndes agagesss
anplifiers 310N, 310P do not rewite the cell 400. In another enbodi nent,

t he PCRAMiG®bI 460 1d0e&ritdly dowpliteand@iecaglidgstht call b sliobic liher Texarpdse, t he

PCRAM cel | instead utilize diodes. In any enbodi nent
transistor 401 has a gate coupled to a word line. Thus, in the exemplary embodiment, the
word line is deactivated the predetermined amount of time after it has been activated,
thereby ensuring that the activation of the N- and P- sense amplifiers 310N, 310P do not
rewrite the cell 400. In another embodiment, the PCRAM cell 400 does not include an
access transistor. For example, the PCRAM cell instead utilize diodes. In any embodiment
without an access transistor, isolation transistor may be inserted between the programmable
contact memory element and the bit line associated with the programmable contact
memory element. The isolation transistors, which are normally conducting, may be
switched off at the same predetermined time as in the exemplary embodiment, after the
word line has been activated, thereby achieving the same result of isolating the

programmable contact memory element from the elevated voltages generated during

sensing.

[0048] While the invention has been described in detail in connection with the

exemplary embodiment, it should be understood that the invention is not limited to the
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W t hout an access transistor, isolation transistor may be inserted between
the programmabl e contact nenory elenent and the bit |ine associated with

t he progrwomabbks3cont act nenory el enent. The isol ation tramgisss/e02sy whi ch
are normal ly conducting, nay be switched off at the sanme predeterm ned
time as in the exenplary enbodi nent, after the word Iine has been
activated, thereby achieving the sane result of isolating the progranmable
cont act abmruatisclasked wertiodimont. t Rethet,ghaiegntioh cagbs nyedifed te the@pralg any
sensing. [0048] Wile the invention has been described in detail in

connect ;Rb bPvdidgon s BRRlAons SBeGkuRPRS  orl dquiiit drldBotiiees 100 Bbrctdlate t he
invention is not limted to the 20 WO 03/058634 PCT/ USD3/ 00239 above

di scl osed e i ment... Rat her, the invention.can pe modified to.incorporate
any nuﬁfféf‘ggcﬂck}’érwqﬁf}? BIFsCOMNERIYTALE; ﬁké St ﬂ&tjiclogﬁso,f R my ItlJ':ilé/I{z:il ent
arrangenents not heretofore described, but which are comensurate with the
spirit Ancbrdughs thé invieatipnvemet limited hg tlor Hiregping desrsiptioneen draings, piotis
limted by the foregoing description or drawings, but is only limted by

t he scogﬁlyquitt&pbyag&eg}@g@logu@g ipi;enaédm:ﬂs'ﬁ/ 058634 PCT/ US03/ 00239 CLAI M5
What is clainmed i's: 1. menory device conprising, an apparatus for reading
data from a programuabl e conduct or random access
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menory cell, said apparatus conprising: an access circuit for coupling said
menory cell between an addressed and activated word |ine and an addressed
and acti waped/okdeB4 | i ne during a read operation; a sense amplridsogo026oupl ed
to said addressed and activated bit line for sensing a logical state of
said nmenory cell; and preventing circuitry for preventing said nenory cel
frombeing refreshed in response to said read operation. 2. The nenory
device of claimi1, wherein said acce§&AMEuit is a transistor circuit and
said preventing circuitry causes said activated word line to be deactivated
after a Iog&&g%.iéatedgf said nmenory cell is transferred to said activated
bit |ine and 6re8¥%°dS>sense anplifier senses a logical state of said
menory cell. 3. The nenory device of claim2, wherein said preventing
circuitry copprisg§nénogyag§&§&gﬁ M@%@h causes said activated word line to
be deactivated. 22 WO 03/ 058634 ﬁ%T/ 03/ 00239 4. The nmenory device of
claim3, wherein said transistor is serially connected between said word
line and a driver for .said word |ikne and i s turned o urin [ ead
operation ant FRRARHS 57% rcf“(jjmgecgi‘& Fr%ﬁ %pgsoﬁr%fn%‘wpq ?Or?ed;l ngr B %Orﬁ%ﬁgcrs%/ devi ce
of claim3, wherein said transistor is connected between said word |ine
and gr ooethaapdell,satdappagitos ¢omprising: sai d read operation and is turned on to
deactivate said word line. 6. The nenory device of claim1, wherein said
preventing circuitry conprises a

an access circuit for coupling said memory cell between an addressed and activated

word line and an addressed and activated bit line during a read operation;

a sense amplifier coupled to said addressed and activated bit line for sensing a logical

state of said memory cell; and

preventing circuitry for preventing said memory cell from being refreshed in

response to said read operation.

2. The memory device of claim 1, wherein said access circuit is a transistor
circuit and said preventing circuitry causes said activated word line to be deactivated after a
logical state of said memory cell is transferred to said activated bit line and before said sense

amplifier senses a logical state of said memory cell.

3. The memory device of claim 2, wherein said preventing circuitry comprises a

transistor which causes said activated word line to be deactivated.
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transi stor serially connected between an activated bit |line and a sense
anplifier associated wth the activate bit line, said serially connected
transi st owolmsiossg34 urned on during a read operation and tecmaso®bh23bef ore
said nmenory cell can be refreshed. 7. The menory device of claim1, wherein
said preventing circuitry causes said activated word line to be

deacti vated a predeterm ned anount of tine after said nenory cell begins
to transfer 4 | ogThamestayalcvime sdickhirad, whatrean sdidttrdnisiseor i8 seriilly capnent

device of claim7, wherein said sense anplifier further conprises a first

sense aH&‘JeEh QLidRAS M A e FONEhiS RB3E it R i RInRPbA idRAingRaidTRE MENDI'Y

device of claim8, wherein sald predeterm ned anount of tinme is after said
first sense . anplifier portion i.s activated and before said second sense
anplifi%Pmaﬁ%??P%ﬁu¢§dé§{VV%?@HY“&G@dfﬂg' nory device of claim8, wherein
said first sense anplifier portion is a N-sense anplifier, and said second
sense anplifier portion is a P-sense anplifier. 23 WD 03/058634

PCT/ US03/ 00289  1The Tiemnenyrdsrvice ddvlaine fwherein said transiskaris eompactest beywean
pre-charge circuit for pre-charging the addressed and activated bit |ine

and an sANQRENlinPiahd lgkdehd M Isauh &b daddp esdecadoperatceas@ s Rirhed beoand
said other bit line are coupled to the sense anplifier. 12. The nenory

device qgf claim.Ll erein said pre-charge circuit pre-charges the
addressgﬁmgﬁﬂf§§ PW%ggﬁmbit line and the another bit line prior to the
sense anplifier sensing said addressed and activated bit |ine.

6. The memory device of claim 1, wherein said preventing circuitry comprises a
transistor serially connected between an activated bit line and a sense amplifier associated
with the activate bit line, said serially connected transistor being turned on during a read

operation and turned off before said memory cell can be refreshed.

7. The memory device of claim 1, wherein said preventing circuitry causes said
activated word line to be deactivated a predetermined amount of time after said memory

cell begins to transfer a logical state to said activated bit line.

8. The memory device of claim 7, wherein said sense amplifier further comprises

a first sense amplifier portion and a second sense amplifier portion.

9. The memory device of claim 8, wherein said predetermined amount of time
is after said first sense amplifier portion is activated and before said second sense amplifier

portion is activated.

10.  The memory device of claim 8, wherein said first sense amplifier portion is a

N-sense amplifier, and said second sense amplifier portion is a P-sense amplifier.
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13. An system conprising, a processor; and a nenory, said nmenory further
conprising, an apparatus for reading data froma programuabl e conduct or
random acwess/osswaory cell, said apparatus conprising: anPaaO&sds/0@By cui t
for coupling said nmenory cell between an addressed and activated word |ine
and an addressed and activated bit line during a read operation; a sense
amplifier coupled to said addressed and activated bit Iine for sensing a

| ogi cal statélof Thtaereemyrdevissiaf:claamd frdies 4OMPEISEIgE cui try for preventing
said nmenory cell frombeing refreshed in response to said read operation.
24 WO 03/ 058634 PCT/ US03/ 00239 14. The system of claim 13, wherein said
access Cir cuhprd-hatgt et frre chafing dandldresdediamd anenatddbit tine and tny
causes said activated word line to be deactivated after a |logical state of

sai d WS&%%};FB& hink Swhér%i}isia?& 5&&%&&%%&%&&"&& fifle Bhd shili aﬂélgﬁﬁé fe said
sense anpliTier senses a logical state of said nenory cell. 15. The system
of claim 14, wherein said preventing circuitry conprises a transistor

whi ch ceeupled sathe 5886 ¥apbdcrword 1ine to be deactivated. 16. The syst em of
claim 15, wherein said transistor is serially connected between said word
line and a driver for said word line and is turned on during said read

oper ation 12. The memory device of claim 11, wherein said pre-charge circuit pre-charges

the addressed and activated bit line and the another bit line prior to the sense amplifier

sensing said addressed and activated bit line.
13.  An system comprising,
a processor; and
a memory, said memory further comprising,

an apparatus for reading data from a programmable conductor random access

memory cell, said apparatus comprising:

an access circuit for coupling said memory cell between an addressed and
activated word line and an addressed and activated bit line during a read

operation;

a sense amplifier coupled to said addressed and activated bit line for sensing a

logical state of said memory cell; and

preventing circuitry for preventing said memory cell from being refreshed in

response to said read operation.
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and turned off to deactivate said row line. 17. The system of claim 15,
wherein said transistor is connected between said word |Iine and ground and
i s turnedwofo/osksss ng sai d read operation and i s turned onPra/USd®e2B9 vat e
said word line. 18. The systemof claim 13, wherein said preventing
circuitry conprises a transistor serially connected between an activated
bit line-and a sense anplifier associated wth the activate bit |line, said
serial ly conhéct efiht syammn of ohirhdi3nyheraimedd ancasiciragt i arteaistopaicaitiand and
turned off before said nmenory cell can be refreshed. 19. The system of

clai m 13:4 PRt Btk St HePayLldiddc @ik EivbEY iIR@US BE dsaitiatcdCifiey allegicatse
line to be deacti'vated a predeterm ned anmount of tine after said nenory

cell begins,to transfer a Jogi,cal state tq,said actjivated.bit line;,..25 WO
031 05860 LT TSR FOb BT E By trsh B o EabBHeiT i nesr APLERE e
anplifier further conprises a first sense anplifier portion and a second
sense awpbésfa logicpbstaticonf saidimembey egflst em of cl ai m 20, wherein said
predeterm ned anmount of time is after said first sense anplifier portion
is activated and before said second sense anplifier portion is activated.

22. The system of TRt gysten? Of chhinel, wheadifl siitl(préveneingeiraiply ddrgprigeoat i on is a
N-sense anplifier and said second sense anplifier portion is a P-sense

o1 1 Syl oI S ST S R S SR EL T 2 r e chr e

I he addr esse vated 'bit line and an

16.  The system of claim 15, wherein said transistor is serially connected between
said word line and a driver for said word line and is turned on during said read operation

and turned off to deactivate said row line.

17.  The system of claim 15, wherein said transistor is connected between said
word line and ground and is turned off during said read operation and is turned on to

deactivate said word line.

18.  The system of claim 13, wherein said preventing circuitry comprises a
transistor serially connected between an activated bit line and a sense amplifier associated
with the activate bit line, said serially connected transistor being turned on during a read

operation and turned off before said memory cell can be refreshed.

19.  The system of claim 13, wherein said preventing circuitry causes said
activated word line to be deactivated a predetermined amount of time after said memory

cell begins to transfer a logical state to said activated bit line.
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another bit line, wherein said addressed and accessed bit |ine and said
other bit line are coupled to the sense anplifier. 24. The system of claim
23, wher eWvo os@ssd3pre-charge circuit pre-charges the addressaoaodso
activated bit line and the another bit line prior to the sense anplifier
sensing said addressed and activated bit line. 25. A nmethod for reading
data from a programmabl e conductor random access nenory cell, said nethod
conpri sing: 26 \WTBes6E86 34 chan/19sodconn s9d sersei amplificy fanherdpmerisesa Wsitd

| i ne containing said programrabl e conductor random access nenory cell and

t r ansf egehiO gmplifi@d dtabn WAl WSsctSn® e ﬁﬁ:pliﬁéxopc&lﬁioﬁ.SSOCi ated addressed bit
| ine; deactivating said addressed word [ine; and sensing a |ogical value

transferred to said bit line after said word line is deactivated. 26. The

amount of 117k af £y SO o Pt Sk Rty SRR RRR R B P S BN RRRL T

said sensing further conprises, activating a first sense anplifier unit;
and act saichfirsh gense smpbifigr Berin s apiyatehand hefpregsad seRad e ik #erEehe
after said activating of said first sense anplifier unit. 28. The nethod
of cl ai a2bvatvder ei n sai d deactivating takes place a first predeterm ned
anmount of tinme after said activating of an addressed word |ine.

22.  The system of claim 20, wherein said first sense amplifier portion is a N-sense

amplifier and said second sense amplifier portion is a P-sense amplifier.
23.  The system of claim 13 further comprising;:

a pre-charge circuit for pre-charging the addressed and activated bit line and an
another bit line, wherein said addressed and accessed bit line and said other bit line are

coupled to the sense amplifier.

24.  The system of claim 23, wherein said pre-charge circuit pre-charges the
addressed and activated bit line and the another bit line prior to the sense amplifier sensing

said addressed and activated bit line.

25. A method for reading data from a programmable conductor random access

memory cell, said method comprising;:
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29. The nethod of claim 28, wherein said first predeterm ned anount of tine
is after said activating of said first sense anplifier unit and before

sai d actiwetmnsgesf sai d second sense anplifier unit. 30. pChasowodzed of
claim 28, wherein said first predeterm ned anount of time is before said
activating of said first sense anplifier unit and before said activating of
said" second sense anplifier unit. 27 WO 03/058634 PCT/ US03/ 00239 3&. A
met hod for r&atiring dapddressse worst lbay contelbing wshpresrsnmallsoemdicerdandenpr y
cell, said method conprising: activating an addressed word |ine containing

sai d progeamehbsy &Ndcl-aisféraingamogRalcalise imaair acllaeldn Asstidtedaddessedrige a
| ogi cal value in'said cell to an associ ated addressed bit [|ine; swtching

off an j.solation transistor |ocated on the associ ated addressed bit |ine
and sefiall y connecting a sense anplifier and said cell; sensing a |ogical
value transferred to said bit |line after said word line is deactivated.

32. The nethod of claim 31, wherei rc'i said switching off takes place a

pr edet er ni nedlcashiBite wid pdldpssssd meprddinegand t i vat i ng. 33. The method of claim
31, wherein said sensing further conprises, activating a first sense
anplifier unit; and activating a second sense anplifier unit a second

predet er m nesknisingea lafical vadad ttandetred ed said) baflinsaifr fdid storddinsds dequkivitiedr
unit.

26. The method of claim 25, wherein said deactivating takes place a

predetermined amount of time after said activating.
27.  The method of claim 25, wherein said sensing further comprises,
activating a first sense amplifier unit; and

activating a second sense amplifier unit a second predetermined time after said

activating of said first sense amplifier unit.

28.  The method of claim 25, wherein said deactivating takes place a first

predetermined amount of time after said activating of an addressed word line.

29.  The method of claim 28, wherein said first predetermined amount of time is
after said activating of said first sense amplifier unit and before said activating of said second

sense amplifier unit.

30. The method of claim 28, wherein said first predetermined amount of time is
before said activating of said first sense amplifier unit and before said activating of said

second sense amplifier unit.
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34. The nethod of claim 32, wherein said swtching off takes place a first
predeterm ned anmount of tinme after said activating of an addressed word

i ne. 35.wolw/ossthod of claim 34, wherein said first predecsrusoseaianount
of time is after said activating of said first sense anplifier unit and
before said activating of said second sense anplifier unit. 28 WD

03/ 058634 PCT/ US03/ 00239 36. The nmethod of claim 34, wherein said first

pr edet er nmi nedl anmoAmhethbdtformeading desd froen 8 pregravmiabie cordustosandom scsesssense
anplifier unit and before said activating of said second sense anplifier

unit. BEmnﬁ"?%Hbggdnggdﬁﬁﬁgj ig.a froma programmbl e conductor random
access y cell, said nethod Tconprising: pre-charging a first bit line

coupl ed to the programrabl e conductor random access nenory cell, said

menory cell includin rogra nductor rv. e
pr e- char gi ng?&"" §%%?r'g a CSFFner Oélsflﬁldl B4 gi‘% %Iﬁms?lgfcgg%duc%or 299 M e
swi tching on an access transistor of said cell to couple the programuabl e
conduct arcessraamosy edleanshiranstersiaga logical vabiein| spidecellgipg Wﬁwtﬁf pddnsesediess
transi stor of said cell to decoupling the programrabl e conductor nenory
el ement jjh¢;om said first bit line; sensing voltage on said first bit line
and said second bit line to deternine a | ogi cal state of said programabl e
conductor nenory el enment;

switching off an isolation transistor located on the associated addressed bit line and

serially connecting a sense amplifier and said cell;
sensing a logical value transferred to said bit line after said word line is deactivated.

32. The method of claim 31, wherein said switching off takes place a

predetermined amount of time after said activating.
33. The method of claim 31, wherein said sensing further comprises,
activating a first sense amplifier unit; and

activating a second sense amplifier unit a second predetermined time after said

activating of said first sense amplifier unit.

34. The method of claim 32, wherein said switching off takes place a first

predctermined amount of time after said activating of an addressed word line.

35. The method of claim 34, wherein said first predetermined amount of time is
after said activating of said first sense amplifier unit and before said activating of said second

sense amplifier unit.
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wherein said swtching off is performed before said sensing. 38. A nethod
for reading data froma programmabl e conduct or random access nenory cell,
sai d net hwo :doswB4 si ng: 29 WO 03/ 058634 PCT/ US03/ 00239 36 PCThesosrei2bod of
claim 34, wherein said first predeterm ned anount of time is before said
activating of said first sense anplifier unit and before said activating of
said second sense anplifier unit. 37. A nethod for reading data froma

pr ogr ammabl e36ondTibt ancthad @6 riazn Gds svhenaimsaigl fisel predesaimingd pmang isimeisng:
pre-charging a first bit line coupled to the progranmabl e conductor random

access LARERLNd G&iVating @ fdaiTBTFRY sénéedrhplifite UGl qu@feoﬁkﬂ_ﬁﬂfﬁbﬁﬂ% ofgddct or
menory el enment; pre-charging a second bit line; increasing voltage on said

first bit line; swtching.on an access transistor of said cell to couple
the protfiQRfEbIE WELBE nenory elenent to said first bit |ine;
switching off the access transistor of said cell to decoupling the
programmabl e conductor nenory elenment fromsaid first bit line, sensing
vol tage on sd7d fArmetheidifor resdingdata dfam 3 peegramnable repdygogmndpm ey

| ogical state of said programrabl e conductor nenory el enent; wherein said

swi t chi agndry ceB, ART metlmbcdigpaigg:sai d sensing. 38. A nethod for reading
data from a programuabl e conduct or random access

pre-charging a first bit line coupled to the programmable conductor random access

memory cell, said memory cell including a programmable conductor memory element;
pre-charging a second bit line;
increasing voltage on said first bit line;

switching on an access transistor of said cell to couple the programmable conductor

memory element to said first bit line;

switching off the access transistor of said cell to decoupling the programmable

conductor memory clement from said first bit line;

sensing voltage on said first bit line and said second bit line to determine a logical

state of said programmable conductor memory element;
wherein said switching off is performed before said sensing.

38. A method for reading data from a programmable conductor random access

memory cell; said method comprising:
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swtching on an isolation transistor to couple a first bit line to a sense
anplifierwosaiosse3first bit line also coupled to a programpahesos/enduct or
menory el ement of the programmabl e conductor random access nenory cell;
pre-charging said first bit line;, pre-charging a second bit |ine;

I ncreasing voltage on said first bit line; swtching off said isolation
transi stor t86decbbpmetiad @f slaunBdnivtisrean sud duttRsedctranBeg B 9f Ui
said sense anplifier; sensing voltage on said first bit line and said

second beford saidadtivatlff @f saiddirst seog aaplifies uaieandf bfatetsafl agivating bl eaid
conductor nenory el enent; wherein said switching off is perforned before

sai d sensi,ng 'scns%gmpliﬁcr unit.

37. A method for reading data from a programmablé conductor random access

memory cell, said method comprising:

pre-charging a first bit line coupled to the programmable conductor random access

memory cell, said memory cell including a programmable conductor memory element;
pre-charging a second bit line;
increasing voltage on said first bit line;

switching on an access transistor of said cell to couple the programmable conductor

memory element to said first bit line;

switching off the access transistor of said cell to decoupling the programmable

conductor memory element from said first bit line;

sensing voltage on said first bit line and said second bit line to determine a logical

state of said programmable conductor memory element;
wherein said switching off is performed before said sensing.

38. A method for reading data from a programmable conductor random access

memory cell, said method comprising:
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switching on an isolation transistor to couple a first bit line to a sense amplifier, said
first bit line also coupled to a programmable conductor memory element of the

programmable conductor random access memory cell;
pre-charging said first bir line;
pre-charging a second bir line;
increasing voltage on said first bit linc;

switching off said isolation transistor to decouple said programmable conductor

memory element from said sense amplifier;

sensing voltage on said first bit line and said second bit linc to determine a logical

state of said programmable conductor memory ¢lement;

whercin said switching off is performed before said sensing.
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