20 June 2006 PCRAM REVWRI TE PREVENTI ON FI ELD OF | NVENTI ON [ 0001] The
present invention relates to integrated nenory circuits. Mre specifically,

it relates to a nethod for-reading a programmbl e condgéé r r%@&%m access
menory (PCRAM cell. _ BACKGROUND OF THE | NVENTION [ O ?UB? c random
access nmenory (DRAM integrated circuit arrays have existed for nore than
thirty years and their dramatic increase in storage capacity has been
achi eved t hrough advances in sem conductor fabrication technol ogy and

circuit design technol ogyPCRAM REWRITESPREVENTION t hese two

t echnol ogi es have al so achi eved higher Ilevels of integration that permt
dramatic reductions in nenory array size and cost, as well as increased
process yield. [0003] Fig. 1 i SFIEEIJ2REnENVENTEINam of a DRAM nenory cel |
100 conprising an access transistor 101 and a capacitor 102. The capacitor
102, which is coupled to a Vcc/2 potential source and the transistor 101,

. stores q000Db]t ofhdgiréschiirvefubA reles taimbgagel memopy eirtuits,. Mofdwpegificdlly, one
polarity (e.g., a charge corresponding to a potential difference across

bi mary Fotadts EmBihod R seging a Pripafhub it REpARRGCHb R0y Sech ipiige e ©

correspaonding to a potential difference across the capacitor 102 of

-Vcc/ 2) P gell a b nary "0." The gate of the transistor 101 is coupled
to a wrd |ine 103, thereby permtting the word line 103 to control

whet her the capacitor 102 is conductively coupled via the transistor 101 to
abit 1 BACKGROUND OF THE INVENTION

[0002] Dynamic random access memory (DRAM) intcgrﬁtcd circuir arrays have
existed for more than thirty years and their dramatic increase in storage capacity has been
achicved through advances in semiconductor fabricationvtcchnology and circuit design
technology. The tremendous advances in these two tcchhologics 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 tral;sistor 101 and a capacitor 102. The capacitor 102, which is coupled to a Vec /2
potential source a_ﬁd the transistor 101, stores one bit of data in the form of a charge.
Typically, a charge of one polarity (c.g., a charge corresponding to a potential difference
across the capacitor 102 of +Vec/2) is stored in the capacitor 102 to represent a binary “1”
while a charge of the opposite polérity (e.g., a charge corresponding to a potential
difference across the capacitor 102 of -Viec/2) represents a binary “0.” The gate of the
transistor 101 is coupled to a word linc 103, thereby permitting the word line 103 to

control whether the capacitor 102 is conductively coupled via the transistor 101 to a bit

1




20 June 2006 line 104. The default state of each word line 103 is at ground
potential, which causes the transistor 101 to be switched off, thereby
electrically isolating capacitor 102. [0004] One of th%ﬂgrambgﬁbé
associated wwth DRAM cells 100 is that the charge on t Jwab or 102 may
naturally decay over tine, even if the capacitor 102 remains electrically
| sol ated. Thus, DRAM cells 100 require periodic refreshing. Additionally,
as discussed below, refreshing is also_required after a, ry cell 100
has bedimeaklidosThel defunk stuse ofisach ward [iae 10345 2t grouad possntial oHIC G80%F s . »
il lustrates a nenory device 200 conprising a plurality of nmenory arrays
150a,  hpfifis éé‘ﬁ;}ﬂ&b& Ywitthed &F, dhepsbiydecrrieiligisslitingheapaoigot b@2.same nureri cal
val ue are o% t he sane type. For exanpl e, sense anplifiers 300a and 300b in
Fig. 2 have identical <circuitry to sense anplifier 300 of Fig. 3. A lower
case al phabetic suffix is generally used to discrimnate between different
units DODRE sar®né pthe dawbaels assquized vatheDBAMicells 108 iscthat the chvrgeaen P
may denote different circuitry associated with negative or positive typed

variantg. ). Fae Py By ol G 102 repfaimerTor y
cells 1%65—5%&%%&% rra%gd by %’.%ﬁgpgmiﬁagém ity of nmenory cells
100 together so that the el.l.s 100 al ong,.an hven bit. lin 4a,
T0da . deacalyowarcdo ot CHEAM ol dQRsmavies BORin et aites otiiapifi el
the menory cells 100 along any word |ine 103 do not share a common bit
line 1Qfigcusdddisélow] Bedieshih@4balso Eaplireieafiory raemayy t&lk109 bavbeensaccessed,Hpr
lines. For -exanple, nenory array 150a includes bit |lines 104a, 104b, while
menory r“‘é’?{? ]aggirt éﬂcllc&'@%fxﬁiﬁbnl i nes 104a', 1001. The bit lines from each
'O

adj acen menory arrays 150a, 150b arc coupled to a commpn sense
anplifier 300a, 300b. For exanple, bit lines 2

[0005] Fig. 2 illustrates a memory device 200 comprising a plurality of memory arrays
150a, 150b. (Generally, in the drawings, elements having the same numerical value are of
the same type. For example, sense amplifiers 300a and 300b in Fig. 2 have identical
circuitry to sense amplifier 300 of Fig. 3. A lower casc alphabetic suffix is generally used to
discriminate between different units of the same type. However, upper casc prefixes, such
as “N” and “P” may denote diﬁ"crt':nt circuitry associated with negative or positive typed
variants.) Each memory array 150a, 150b includes a plurality of memory cells 100a-100d,
100¢-100h arranged by tiling a plurality of memory cells 100 together so thaf the memory
cells 100 along an_‘y given bit linc 104a, 104a’, 104b, 104b’ do not share a common word
line 1032-103d. Conversely, the memory cells 100 along any word line 103 do not share a
common bit linc 104a, 104a’, 104b, 104b’. Each memory array has its own sct 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 sensc amplificr 300a, 300b. For cxample, bit lines
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20 June 2006 104a, 104a' are coupled to sense anplifier 300a, while bit

| ines 104b, 104b' are coupled to sense anplifier 300b. As expl ai ned bel ow,
"the sense anplifiers 300a, 300b are used to conduct tggbjensgéégaresh
portion when a nenory cell 100a-100h is read. [0006] R PYE M menory
cell conmprises the operations of accessing and sensing/refreshing. [0007]
The purpose of the access operation is to transfer charge stored on the
capacitor 102 to the bit line 104 associated with the nenory cell 100. The

Toao o W M o Bt o B APHEEBORCAAMG i RS L0 PLOA M coubifro

104a, 104b to a potential source (not illustrated), Each bit |ine 104a,
104b is tspess ammplifieri39Qbi yAap’gﬂ@nébsl@m the,gense amp 3@8%5,00‘31”64%‘:4) to

104b, 104b' will float at the predeterm ned potential due to the inherent

capaci t areadaér theQehicl/réfrdiR potdiawhéf4anemdsdell ID4100hSwhemrtjuent |y, the
word line (e.g., 103a) associated with a nenory cell being read (e.g.,

100a) is activated by raising its potential to a | evel which causes each
transi stor 10la, 101c coupled to the word fine 103a to gate. It should be
not ed t hd0086E t o ReatimgenDRddM anémpry cllzapiprises theperasions sifacecssivg and4  and
word lines 103, activation of a word line 103 will cause the potential at
each assgghﬁﬁfﬂcﬁggﬁin%i ne 104 to increase slightly. However, in typical

DRAM systens,  the maghitude of this potential change is insignificant in
conparison to the magni tude of the potential change on the bit |lines due
to charge sharing. Therefore, with respect to DRAM systens only, further
\?Lﬁ g u; 8 iogflOOEpar diTig purposefdfaht acdespapastion is toapmsicr eharge soredonthd. 3 20
* capacitor 102 to the bit line 104 associated with the memory cell 100. The access
operation begins by precharging cach bit line 104a, 1042°, 104b, 104b’ to a predetermined
. potential (e.g., Vcc/2) by coupling cach bit line 104a, 104b to a potential source (not
iiiustratcd). Each bit linc }04a, 104b is then electrically disconnected. The bit lines 1'04%
1042’, 104b, 104b’ will float at the predetermined potential due to the inherent
capacitance of the bit lines 104a, 1042, 104b, 104b’. Subsequently, the word linc (c.g.,
103a) associated with 2 memory cell being read (e.g., 100a) is activated by raising its
potential to a level which causes cacﬁ transistor 101a, 101e coupled to the word line 1032
to gate. It should be noted that due to inherent pirasitic 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 increasc 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.




[ 0008] Activation of the word |ine 103a causes each. capacitor 102a, 102C of
each nenory cell 100a, 100e coupled to that word line 103a to share its
charge with its associated bit |ine 104a, 104b. Thelﬁé Iine% é84a', 104b’
in the other array 150b remain at the pre-charge potert® 2¥N€#A8char ge
sharing causes the bit |ine 104a, 104b potential to either increase or
decrease, dependi ng upon the charge stored in the capacitors 102a, 102c.
Since only.the bit lines 104a, 104b of one nenory array has its potenti al

al t ered,[ggoggach A&fatenaTithe Woed Lin0Q03a 3Aies ca’th_d‘ia?iéﬁft_rltdml 102¢ 6f¢ach|
devel ops between the bit |ines 104a, 104b associated with the activated

word |ine 103a h her bit |ines 1pda 04b', assoc] i 1h the
oo sorBeis cal 1apa sl Gghiy' cothat word i 10806 sharf 7S Rfare St 1 L0
|l ines 104a, 104b associated with the cell 100a being read to have a

pot ent i adssaiated bisline] 94w 1 Ogbe her bit lines Y a' cb04h’ ia the ptheparay A§PH semain

vol tage. However, the change in potential 1is snmall and requires

anpl i fi catehe r@%ﬁﬂrg’é polterfl. %c%ﬁﬁ%g sh2@PLaubbethzasit BAé 204£ST04MSdteAtid 0

serves two purposes. "First, the s e/refresh operation anplifies the
smal | chapge.in potenjial to, the,bit |ing coupled to.the cell. whi

access eoc.la'?cf' "E“H&‘Psﬁiocr cfprase sependipg BROp the Gﬁﬁ"%ﬁ sﬁ°§°‘? < tiapaﬂtqrﬁgﬁaa, 102.
pre-charge potential, the bit line will be driven to ground during

sensi ng.SiAk¢ enlyahe bt inesili0dahb04b of bnamenxgy arrap basits patenial drered, aticagther
than the pre-charge potential, the bit line will be driven to Vcc during

sensi NG scFeaRBRaGa 00y, BODS, PLifeheie PSRISS AQRINREREIDhe it fiffes B0 ©

the state o arge in the capaclftor of the accessed cell to the’ state
it had LQr to .the access operation. This st I s, regui.red,sinc he
access E{Qf%ﬁseﬁaﬁ I‘H‘F@Bﬁ??@ avedr acﬂ‘?‘fﬁ’é OtBﬁﬁ)Q'&hPﬁl %Fsﬁ%tf ng it
with the bit line. 4 20 June 2006
associated with the same sense 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

cither 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 scrves two purposes. First, the sense/refresh
opcfation amplifics 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 grc;und during sensing,. Altcmativcly, 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 chafgc 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.



[0010] Fig. 3 is a detailed illustration of 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* S ACE
respectively. These nodes are coupled to controllable %@ WRe i2BP8sour ces
(not illustrated). Node NLAT* is initially biased to the pre- charge
potential of the bit lines 104 (e.g., Vcc/2) while node ACT is initially
biased.to ground. In this initial state, the transistors 301-304 of the N
and P- s nps ' oA 2300Sehichld ; tion
s a tmoqgﬁgggd oggggﬁ#Sﬁﬁ%ﬁﬁﬂﬁPgﬁaphé%@N- serflg1 anﬁ g?bﬁﬁfs Prlggered
before the P- sense anp 310P. [0011l] The sense. anp 310N j.s.triggered by
bri ngi ng SEAE 35 dRYNanda Prieess A portion, T hﬁbﬁksmﬁ@@ and 2e %-e. 9.,

*Vce/ 2) towards ground potential. As the potential difference between node

NLAT* andehdeeanip 810P idudddedes NBATY ah@ ACT @4 ctingpr dhebe hbdes ardcaspied w
potential of NMOS transistors 301, 302, the transistor with the gate

Vower - vol e B IP Bfif QdGaToRk bt AR ot NOATS RE Bkl WHesd R MR, 10

Thus, when node NLAT* reaches round potential, the |lower voltage bit |ine
will al s¢haessaotentisl o thsdbis Hnrsl 04 ﬁth&»,gﬁcﬁZ? Wﬁdwéﬁ i §t16w4hé€@f°dlc)@nduct s
since its gate is coupled to the | ow voltage digit |ine being discharged

towards giround. Il 8fid ZlitalReatd)-the ennsis@pP3CGI-804 iof the Nygaddt seadetampst 3TONY-
sense anp 310N has been triggered) by bringing the potential at node ACT

o 20005 ARSI, A i RS gt e BBl o B

3lON), the PMOS transistor, with its gate coupled to the lower 5 20 June
2006 N- sense amp 310N is triggered before the P- sense amp 310P.

[0011] The N- sense amp 310N is triggered by bﬁnging the potential at node NLAT*

7 from the pre-charge potential (c.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- sensc 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 gatc coupled to the lower

5



potential bit Iine will begin to conduct. This causes the initially higher
. potential bit line to be charged to a potential of Vcc. After both the N
and P- sense anps 310N, 310P have been triggered, the gésher éﬁ%tage bi t
line has its potential elevated to W while the |ower WRe 2AP8hi ¢ 1 ne
has it potential reduced to ground. Thus, the process of triggering both
sense anps 310N, 310P anplifies the potential difference created by the
access operation to a level suitable for use in digital circuits. In
parti cul potentidlebiblihe Wilhbegi4a condoai HFtssicanstshthictinitialty tigher petdntiabbit lineitag
read is driven fromthe pre-charge potential of Vcc/2 to ground if the
nMenory c [ e iy _&&E f: i f
t he neno%kh%g%?tiégg?&n%! ggvg&c ar gfég%@? Fgg B%}l&d?ng t ogg{%isﬁgw 3%F)Pt]}\‘i‘g€eby
permtting a conparator (or differentjal anplifie 350a goupl.ed,tq bit
|ines 10Been triggared; Brcohigpar veltagerhik incphasits potersinl ldvated 0y Var PHiE thaawer
stored in the cell 100a on signal |ine 351. Additionally, the charge

i ni tial | yorgh@ildsit e hiwsit pepatial pidutéieo glounde Hnesg slseprozedsl of iriggerigobeh t o
its pre-access state. [0013] Efforts continue to identify other forns of

menory e nts ' |

asi st i VESREREPt ARONe REPE dmpTRES Hie fdtchda JHRGERL Heda By BEuEecPbationts
stable ohm c states. A progranmabl e resistance el enent of such materi al
coul d bea lsvdguitabledor usstin digital diicyits.r bsparticylar,ghe bit ling 1945 asodiaged éﬂ@r@%,
a binary "1" data bit or programred to a low resistive state to store a
bi nary "Rendey aclP100a bdihg reddisellivda fdnbtiic preudtdrgdporcheial ¢fiVicg2ad grpund if
detecting the nmagnitude of a readout current swtched through the

st ot arips SRty FIFTTRH soPiborUBRGF RanrBibafe b A bimp 0.3 Ve {45 piAok?

[0014] Recently chal cogeni de gl asses fabricated with solid electrolyte, such
as a metesll 100a’stored a charge corresponding to a binary 1, thereby permitting a comparator (or

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 studics have focused on resistive materials that can be programmed
to exhibit cither 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 binafy “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.




doped chal cogeni de have been investigated as data storage nenory cells for
use in nenory devices, such as DRAM nenory devices. U S. Patents

5,761, 115, 5,896, 312, 5,914,893, and 6,084,796 all deﬁgghbe ?E'é

t echnol ogy and are incorporated herein by reference. T 1 B cells are
call ed programmuabl e conductor cells (alternatively, they are al so known as
programmabl e netallization cells). One characteristic of such a cell is
that it typically includes solid netal electrolyte such as a netal doped

on conalD BT apfereubBalcRRhidE BRNG TR AR fotl o BeabiAtin S i’ 251

causes grow h of a netal dendrite which changes the resistance and

capaci t adopedichalieganidd haviaibern investgased pedate storags memosy gellsfor pesondgnerapry

“particularly prom sing progranmabl e, bi-stable resistive material is an

al 1 oy sy gfeoiitd, BGLHEY DRARE nR8AGry RVIREDUYS P éms 5,261l 3,5,896812, 5,914,893,
chal cogenidc material has a natural stable high resistive state but can be

Vor tage andeoPerp fERHRTRE FUliloflan EEE I Mpftel itk Wi R,

conductor, also known as a dendrite, to grow between the anode and cathode
whi ch | owtrsge ballseed ¢alled programeeablecondiicterngstls (ritcrratively, eheyrge plsp knewpys y
witten over by the appropriate current pulse and voltage polarity

(reverse r%‘?{)%ﬁahg{r}ab’l@ nfetalifdtiodScellle OR€harh&@edstdcf sul h stR ohasitaypsirallyo

reprogra d thus does not need to be erased. Moreover, a nenory

el ement of chal cageni de.material ,is nearly, nonv |l e | h | ed
oniy be stites soid ghecrichEtainr ek i £ ol HoPEA PR acpfte ddl ) Sthobt R
refreshed, in order to retain its progranmmed |ow resistance state. Such
menory cenbds spaced kparDRAM suehts of dwifasgsaon gerdustery Application of g yoltaggacgoss
refresh. 7 20 June 2006

the cathode and anode causes growth 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 compM of a chalcogenide material
has a natural stable high resistive state but can be programmed to a low resistance state by
passing a current pulsc 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 clement 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 crased.
Moreover, a memory element of chalcogenide material is nearly nonvolatile, in that it need
only be rarely (c.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.




[ 0016] Whil e conventional sense anp circuitry, such as those associ ated
with DRAM cells, are capable of sensing programmabl e conductor random
access nenory (PCRAM cells, the natural refresh operation associated with
these sense anplifiers are not required in a PCRAM cond@séne PHlRed,
frequent rewiting of PCRAM cells is not desirable because it can cause
the PCRAM cell to becone resistant to rewiting. Accordingly, there is a
need and desire for a circuit and nethod for reading PCRAM cells w thout

refreshifomlchem Bhlld/Lotkcdohkischbd/and kithib§Osuth aShkogy asevidted mithnDRAM i s
directed to a nethod and apparatus for reading a PCRAM nenory cell w thout

refreshing. the cell. At re ) | t

conduct SRirart fable ot epdnf PREEBLIIIE Sold o ishbnt s fihEROATTFCRAM)
progranmabl e conductor is electrically decoupled fromthe bit line. The

pr edet eraellnehe matural defreshhoperation apsociatqgovith thase sense amplificss g @okrequigdpn
sense anplifiers have been activated. In this manner, the N and P- sense
anpl i fi ef pCRAMNTRAESt! DRdR BehlLaht RATitAg JIPCRAMEelliis hot'tlesirablei brgash
altered potential to rewite the PCRAM cell. In PCRAM arrays which use

access transistor ' tes coupl e re.lin 8

vent i crtiriayse i PORUM Bt fcqit Rolept R Mifrlings A% oril el R M 2 necd
predetermned tinme after the word |line has been activated. |In PCRAM arrays
whi ch dondodesira fonaicireuitand methed fortrording PERAM eolls withowtirefreshing thempe
added on each bit Iine between the PCRAM cell and the sense anplifier to
decouple the PCRAM cells fromtheir associated bit lines. 8 20 June 2006
BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] The foregoi ng and ot her advant ages
and features of the invention will becone

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- sensc amplifier can change the potential on the bit
line without causing the al£crcd 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 prcdctcnnin;d time after the word line has
been activated. In PCRAM arrays which do not include access transistors, isolation

~ transistors may be added on cach bit line between the PCRAM cell and the sense amplifier

to decouple the PCRAM cells from their associated bit lines.



nore apparent fromthe detail ed description of exenplary enbodi nents of the
invention given below with reference to the acconpanying drawi ngs in

which: [0019] FIG 1 is a schematic diagram of a conven{ional M cel | ;
[0020] FIG 2 is a schematic diagram of a conventi onal WefPR9:  [o0021]
FIG 3 is schematic diagrama conventional sense anplifier; [0022] FIG 4

is a schematic diagramof a PCRAM cell; [0023] FIG 5 is a schematic

di agram a PCRAM array; [0024] FIGS. 6A and 6B are tim ng diagrans
illustrating the voltages on the word and bit lines when a PCRAM cel | is
read in high resistance and | ow resistance states, respectively. [0025]
FIG 7 is a flowchart illustrating the nmethod of the invention; [0026)

FIG 8 is a block diagramo uding a PCRAM in
accordance with the pri &m&&&@&%ﬁﬁﬁ%ﬁ@ 20 June 2006
[0027] FIG 9 is a schematic diagram of a PCRAM any according to a second
enbodi nent of the present invention; and [0028] FIG 10 is a schemati C

il T TR & R R R A e e

to the drawi ngs, where |like reference nuneral s_designate I|ke el enent s,
there |snmmmppamnr;frgm thexdepaiirdeseriptionef exampl wrzmg’ HEsheIIYeRHATE 500
a nenory device conprised of a plurality of PCRAM cells 400a 400h. As

i 1T ustr alenigeidw With rcfc;cncc to the accompanying drawings in which:
[6019] FIG. 1 is a schematic diagram of a conventional DRAM ccll;.
[0020] FIG. 2 is a schematic diagram of a conventional DRAM array,
[6021] 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 ilfustrating the voltages on the word and
bit lines when 2 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;



4, a PCRAM cell 400 conprises an access transistor 401, a programrmabl e
conductor nenory elenent 402, and a cell plate 403.- The access transistor

- 401 has its gate coupled to a word line 405 and ohe'teiom'nal pled to a
129 June agR

bit line 406. A small portion of an array of such cel e in Fig. 5.
as including bit lines 406a, 406a', 406b, 406b', and word 1|ines 405a,

405b, 405c, and 405d. As shown in Fig. 5 the bit |lines 406a, 406b are
coupl ed t.0o a respective pre-charge circuits 501a, 105b, which can

swi t chal{ion2gpp! YFIG. | i§a sehanaec dageint ofd PORAMearbiytackomiing to8accondea’

406b, 406b'. The other term nal of the access transistor 401 is coupled to
one end of, the progr . { menory el enment 402, while the other
end of fﬁgb%¢§§%5ﬁﬁgﬁgggg%ﬁdﬁggggﬁhgﬁ%ry el enent 402 is coupled to a cel

pl ate 403. The cell plate 403 may span and be coupled to several other 10
20 June 2006 PCRAM cells. The cell plating 403 is also coupled to a

potenti f['[oga?g; ce -zgltn 1108 2 SUSRAGY AiaBARP B A HkerhBEvadEhBAdinednt SPURCRAM edll

1.25 vo dd/ [0030] The acceSs transistor 401, as well as the other
access transistors, icte N-type CMOS transistors, however, it
shoul d rmm&%&d’a‘ﬁw 1D transistors may be used as long as

the corresponding polarities of the other conponents and voltages are
nodi fi ed accordi ngly. The programabl e conductor nenory el ement 402 is
preferably made of chal cogeni de, however, it should be understood that any
ot her bi-stable resistive material known to those with ordinary skill in
the art nay also be used. In the exenplary enbodinent, the programmble
conductor nenory el eng ) i nar r.esi stance of
approximately 10 K oﬁ&ﬁ@bﬁmﬁpw@mglﬁgme greater
than 10 M ohm The programmbl e conductor is ideally programred to store a
| ow

[0029] Now referring to the drawings, where like reference numerals designate like
clements, there is shown in Fig. 4 2 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 linc 405 and one terminal coupled to a bit linc 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, 4062’, 406b, 406b’. The other terminal of the
access transistor 401 is coupled to onc end of the programmablg conductor memory
clement 402, while the other end of the programmable conductor memory clement 402 is

coupled to a cell plate 403. The cell plate 403 may span and be coupled to several other

10



resi stance, 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 programm ng voltage of

-0.25 volt. The programuabl e conductor can be nondestr cbive%xgéead by a
e

readi ng voltage having a magni tude of |less than 0.25

ung

exenpl ary enbodi ment, the reading voltage is 0.2 volt. However, it should

be readily apparent that alternate paraneters may be selected for the PCRAM

cell  without departing fromthe spirit and scope of the invention. [0031]

Fig. 5
arrays

RRANE 5. “Bir v aairs 05 s AP SR @t oRoPaidalis. e PR

menory cells 400a- 400d, 400c-400h arranged by tiling a plurality of nenory
cel | s 40cmbediticer deopoteatialtsourcerivatok.$5 yolts Vdd62hl ong any given bit |ine
*406a, 406a', 406b, 406b' do not share a 11 20 June 2006 common word |ine

405a- 405d. Conversely, the nmenory cells 400 along any word |line 405a-405d

do not s

[ co n bit line 406a, 406a', ,406p, 406b'. Each word lLine is
SW tchablr@()gQTa JCLEE CENFISIOF 48?2%?—‘5@3%? the otheracgess tapgstor, gre. c_:c?as

Addi tional ly,

each word line may al so be switchably coupled to ground via

transi st dNayp2 CMO8Qsansikesrs Jadveever, ¢f sholndd be andestondsthat Daypiel G305 20msiS@ds]
are coupled to signal lines 511a-511d used to selectively coupl e/ decoupl e

th d i - 14 ' 3 d.

Ench mendry) B PP EI0R s M ot PRl Br B RS compdtents a1 Yol
550a includes hit |i 406a, 406b, whil .ay. 950

ol ulies %% odbchaccombRgy. ReproBPRMERE coRuGor RFHH EIFTIA 402 PIFROT

menory arrays 550a, 550b arc coupled to a commopn sense anplifier 600a,
600b. Formsdeafitalcogehide] hewevtpfiashailldbe waderstaaditHae dny otize bi-stabhpicsistiver
600a, while bit |ines 406b, 406b' are coupled to sense anplifier

material known to those with ordinary skill in 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
tﬁan 10 M ohm. The programmable conductor is ideally programmed to store a low
resistance, ¢.g., binary 0, by a voltage of +0.25 volt and can be restored to a high resistance
value, ¢.g., a binary 1, by a programming voltage of -0.25 volt. The programmable
conductor can be nondestructively read by a reading voitage 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 ccll

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, 400¢-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

11



600b. For sinplicity, Fig. 5 illustrates a nenory device having only two
arrays 550a, 550b, and eight cells 400a-400h. However, it should be
understood that real world nenory devices would have‘sianifi %ﬁhly nor e
cells and arrays. For exanple, a real world menory dev? éUH§§Z cl ude
several mllion cells 400. [0032] The nmenory device 500 al so includes a
plurality of pre-charge circuits 50la- 501b. One pre-charge circuit (e.g.
501a) is provided for each pair of bit lines coupled to a sense anplifier

(e.9., 485AmdiPRBrd linE205a-208dC TriRrsely, et incrdrg cellsSHRlong ahyderd lino
transistors (e.g., 50l1a, 501b). One term nal of each transistor is coupled

(< ar 2. $05tADsd Ui sharn A semman ok RG0S, Rk, i 408, PERE oAl igoH’

502b) is coupled to its corresponding bit line (e.g., _406a, 406a'
r espect i sweitghablyTtoea gard linf driver k51 2d Mai astransister glqa-ﬁ , Addiippally, cach
coupled to 12 20 June 2006 a prc-charge control signal. As illustrated, the

transi st ghgd fife Shay ¥ Be mﬁ@&ﬁblﬂcﬁnged\%dmaw Er@fGic5HsT20aT820d. Thepatehe

pre-charge sign is low, the transistors (e.g., 502a, 502b) conducts,

t her eby -chargin e hit Lipe . 9., 406 406a' ) . n r e-charge
si'anal 1 BF Fiegransrara S10as 5203 5204 e oipled yo spna s AR SR vic To
capacitance inherent in the bit lines (e.g., 406a, 406a'), the bit |ines
wil | rensdlectivelyapoploddrasuply thvword linesc4@frag405d ko Aoem| the srordiling dgivers| 12af or
a predeterm ned period of tinme. [0033] Reading a PCRAM cel |, for exanple,

Cou a0 Dk A s 4500 v SoBl s ctncat it Focomiing

Coup ol B AAHSSOa RRTAHINE Hic 4cE; 406D bl Rphiory airay 558 inclidedbic
lines 406a’, 406b°. The bit lines from cach adjacent pair of memory arrays 550a, 550b are
coupled to a common sense amplifier 600a, 600b. For cxample, bit lincs 4062, 4062’ are
coupled to sense amplifier 600a, while bit lines 406b, 406b’ are coupled to sense amplifier
600b. For simplicity, Fig. 5 illustrates a memory device having only two arrays 550a, 550D,
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. Onc pre-charge circuit (¢.g., 501a) is provided for cach pair of bit lincs coupled to a
sense amplifier (c.g., 406a, 406a’). Each pre-charge circuit (¢.g., 501a) includes two
transistors (¢.g., 501a, 501b). Onc 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 (c.g.,

406a, 4062’ respectively). The gate of the cach transistor (¢.g., 502a, 502b) is coupled to
12




the menory cell 400a being read. This small potential difference can be
subsequently anplified by a sense anplifier 300 to the threshold required
to subsequently drive a conparator coupled to the bit é&g %ﬂg tput a
val ue corresponding to the contents of the nenory cell gac al so
referring to Fig. 7, the access operation begins with the pre- charging of
the bit lines 406a, 406a', 406b, 406b of the nmenory device 500 via pre-
charge circuits 501a-501b (step Sl ). The bit lines may be pre-charged by

tenporaril ri ngin the e4C n au3| |

502a- 502da¥'if alfﬁ%% A&ﬂ@’r”&é éoﬁt a‘&”é‘ 's%ﬁf > 5078 %ﬁtﬁla?éng MO8
406a', 406b, 406b' Once the pre-charge signal returns to a high_state,
t he transtype uaas1§®2aTmzdvhtmﬂlmdbetgcwgnabutlo‘ﬁ’h@mmmﬂstm(;C gogQ 2a, Y3
406b, 406b' will remain at the prc-charge potential for a predeterm ned

per i od dugndi@rst HitraAPAIeLAARG R "Bt Blks (s 46643@06'32”%&1&1 chagc2006
[0035] In the exenpl enbo | nt bit Iines 406a 0O6a', 406b, 406b' are

pre- char ed .t 5. volts andthe | I e 4 bds.tied to 1.25
Vol ts. 1 schighy e Teasmishos & Saoh P 8D e IS4 IR BrE b eficlifart; ne
cell pl ate will cause the bit line to di scharge to the ceII pl ate t hrough
the accesinhtreanii dtedsit liods (evh 4064, 406a%)the bivlimhs ovill vemaistaarpproximatelydhe
prograrmabl e conductor nenory el ement 402. The di scharge rate is dependent
upon the Vi Period of AR Y el enent 402.
That is, Sdlﬁl-% e‘glsg?ggcgég%gq’v?n%q‘g{ ggg t he b|t line to discharge faster
than a h| gh resistive state. As the bit line discharges, its voltage wll
fall fromthe pre-charge voltage toward the «cell plate voltage. [0036] In
t he nmenor00deyi ce Rfdding HPOBAM dellpfes cdfibple4Odi4 G0 im thenBCRAM deyca 500

comprises the operations of accessing and sensing.

[0034]  The purpose of the access operation is to create a small potential difference
between the bit lines (e.g., 406a, 406a’) coupled to the same sense amplifier (¢.g., 300a) of
the -rﬁcmory cell 400a being read. This small potential difference can be subsequently
ambﬁﬁéd by a sense amplificr 300 to the threshold required to subscquently 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,
4062’, 406b, 406b’ will remain at the pre-charge potential for a predetermined period duc

to the capacitance inherent in the bit lines.
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potential. Thus the access transistors 40la-40l1e are normally switched off.
Now al so referring to Figs. 6A and 6B, at tine T1, the word |ine 405a
associated with the cell 400a to be read is activatedég¥ briggbgg its
potential fromground to a predeternined | evel (step JuRe,
predeterm ned | evel is designed to create a reading voltage at the
programmabl e contact 402a, which as previously explained, nust have a
magni tude | ess than the magnitude of a witing voltage. In the exenplary

enbodi e g@osﬂhe VR ¢he! dxempldt¥ 2nibodiaeny bittlies 4D625486 1 4063, 4O6b hee pre-
t hreshol d vol'tage of the transistor 40la is 0.8 volt, the potential at the

| nterface bet yeen & o LANSI A0 40aEbIYR g8/ PITRBLE. TROVDE vdlP2a i

ng vol tage 0.2 volt since the voltage
at the interface between the programapl e Ccﬁ(%%(:t .402a apd,the cell plate
403a is potential difidrence bepwcondihe bitllineand)hses ‘:P‘Gﬁﬁ?‘]‘sc & by i nher ent
parasitic capacitance between the word line 40la and its associated bit

li nes 40§achitee RO UEOEIPplaic thiOtpfeORt &S ednbistor|40de(wihidt isinneanduetivet he
word |ine 4%%1 S acdtl?ﬂ\)/at ed. I'n the exenplary enbodi nent, the potential in

bit line 406a ., ncreases by .,0.1 yolt i ; t hat
the wor dsﬁfﬁégdzfgsé’,“’%%“%%ﬁ%‘i‘%‘bct?'o‘g‘ggﬁ’p'? 8r$g‘lr‘fggﬁl¢zbi itmll #lg%}gg%%%ggg 406b'
remain at ground potential. Thus, bit Iines 406a', 406b’ remair at téBS

pr e- char gepauteanupeh thowdsistive stag. of the programmable cengductpy megmany glamant £02.
[0038] The increased potential of bit |ine 406a is used in conbination wth
the 't wo t fs% ﬁ'&k@ réfigive sia¥ewill &huge dwf bit liae 6 divchargeifistercthan adiight eBistivo

cause one 0 e bit lines (e.g., 406a) coupled to a sense anplifier
.g., 300 have..eit}k .eat - I it
[T ne (o, gack-obais DIt b cBahretie oine® il BT HEom Py e St th

cell plate voltage.

[0036] In the memory device 500, the word lines 405a-405d arc normally at ground
potential. Thus the access transistors 401a-401e are normally switched off. Now also
referring fo Figs. 6A and 6B, at time T1, the word linc 4052 associated with the cell 400a
to be read is activated by bringing its potential from ground to a predctermined 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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Essentially, the parasitic capacitance between word |ines and associ at ed
bit lines is used to achieve an initial state where the bit line (e.qg.,
406a) associated with the.cell 400a being read is at 2261| heé 5 tenti al
than the other bit |ine 406a' coupled to the sane sens é&‘bﬁ’f’ r 300a.
The nenory is designed and operated so that if the programmabl e contact
402a has a high resistive state, bit |Iine 406a discharges slowy, thereby
causing it to maintain its relatively higher potential. However, if the

progra 0373°Nt q5he APAR iRASrcAt F#ﬂé’iﬁgeﬁé&&ﬁ/& Beb@d @ thiei worldi 1R #A@3nd its

di scharges at "a faster rate, so that bit line 406 transitions to a |ower
potential state,than bit |ine 4063' . These two effect an be seep b ,
Compar | ngRRgated Bi es #liga Hak porgmildn ghe aseaatsd bit ResapdaiRss Bant 2ordar
high resistive state) and Fig. 6B (illustrating the effects of a

pr ogr anmeliiee4@lanis actfivaatd. aln dw axesiphiry embstihent) thtSpdiendal e bitding 408a39] At
time T2, a predetermned tine t after tinme Tl (step S3), the word |ine 405a

associ al glciluled te) 9§isc to é%@?l?.eggglguﬁ?gc hadiPaiat S s 058 Q900 | LS

potential to gr tep 4 ne deactivation may be achi eved by,
for exanpl e, oundi termpal. 511la, which will cause,the tr j stor 510a
serial |y QWi Wg‘q?&gWGPM B’rﬁé‘“&? %6&’%@3 regaing gm@ppp%aﬁor%éu% st op
conducting. This shuts off access transistors 40l1a, 401 thereby preventing
further dimsH86gs406bt feendin at therere ichasgegiotereal pwhigh an2ubbicdt inahe ax¢mglaia,
402e. This also prevents the anplified potential difference devel oped
during t sydERALent sensing operation fromrefreshing (witing) the
programuabl e contact 402a, 402e. In the rare instance when it would be
desirable to refresh the contents of the progranmable contact 402a, 402e,
the word line can be held high for a |onger period of time. This node of
oper at i or{003883% howTh¢ iacriche dgraeshl of Bitdine 30Gads uscdAn26thbifatdnwith éhe two

exenpl ary
bi-stable resistive states of the programmable contact 402z to cause one of the bit lines
{c.g., 406a) coupled to a sense amplifier (¢.g., 300a) to have cither 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
achicve an initial state where the bit line (¢.g., 406a) associated with the cell 400a being
rcad is at a higher potential than the other bit line 406a’ coupled to the same scnse
amplifier 300a. The memory is designed and operated so that if the programmable contact
402a has a high resistive state, bit linc 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 4062°. These two cffects can be seen by comparing Fig.

6A (illustrating the cffects 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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enbodi ment, the predetermned tine t is approximately 15 nanosecond (i.e.,
T2 - T1 + 15 ns). [0040] It should be noted that the values oft and T2 may
be varied wi thout departing fromspirit of the inventign. In rticular,
the objectives of the present invention will be realizgﬁJHQGQngtrically
decoupling the progranmmabl e contact fromthe bit Iine at any tine before
the bit line voltages are anplified by the sense anplifiers 310N, 310P to a
| evel which result in the potential difference across the progranmmable
contact 1ee8P] ng Akierd'DR(a predlatdrmined tmartiafier tinee Bl dspepiSidnpthe wordtlingt405a
Thus, while Figs. 6A and 6B illustrate T2 occurring prior to either sense

anplifiers 31 ' | . | : &fetal { d
char act oPPSERRt with the SALRBLELLY R EFs SERRARAY MAGHiAg s poldial ko loun
between the activation of the N- sense anp 31 and the P- sense

ST0P. - Regetepiséhs Wamdingaicaccivacion maobe s UENEe i il cRamEls BrOHRE BfEriial
sufficiently long to permt the logical state of the programable

conduct 05514Q2@hich Wil cagéd b trRtsrortI1@alktiallyl complii§ahe woed line feivir 5124 twethe
406a voltage to be sufficiently altered fromthe pre-charge voltage by the

di scharge t.hr,ou e rogr I

resisti vé"%’galt“égibo‘%'r}?ﬁégfbf uamgbm@%hgagégi&ggggﬁg%{qg?},*ﬁg&ib}s( hed
and anplified by the sense anplifier 300a. [0041] At ti eriod T3, N-
sense amprevandngfaaher discharge/of the bitling threpsh ﬂarpp%f@rmﬁl ?‘E&F%ﬂ%, %@f“ed
Wi th respect to DRAM systens, activating the N-sense anplifier causes the

bi t i ne fifs Giso pAeALs)the Aitiplified P@tdxﬁwdjfﬁﬂhﬁatdcaélopﬂd Haripg thesiibwgierthe
NJAT signal toward ground. In the exenplary enbodinment, T3 is

T O Ty RN 3R b oy PR B GhramchatA DO DRI e B tnd e

val ue T3

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
cmbodimcnt, the predetermined time t is approximately 15 nanosecond (ic., 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 clectrically decoupling the programmable contact from the bit linc at any ume
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 cither sensc 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




spirit of the invention. [0042] At time period T4, the P- sense amplifier
310P is activated. As previously noted with respect to DRAM systens,
activating the P-sense anplifier causes the bit line . ( ne Q@@@) havi ng
t he hi gher potential to be pulled towards Vcc. In the e‘r%f)l ary

enbodi ment, T4 is approxi mately 35 nanosecond after Ti (end of step S5).
However, it should be noted that the value of T4 may be varied w thout
departing fromspirit of the invention. [0043] At time T5, the sense

anplifier 3Q00a assqciated with t J: r itk lof flieve one of

its bit IBF %‘ci%l.ﬂga,ma%&)“séi" f}&@%‘ﬁ%ﬁ}é!\"t‘%{&a‘éﬁ‘%g b T S (e.g.,

406a') at ground potential. Since one bit |ine cqupl t.o sen | fier

300a i s nprogaimmablerdndpacedfiato hhﬂfgcﬁqﬁ'embﬂ}fg?‘t B-P$ 4ﬁgﬁé'°i"stﬁﬁ§\% %@p‘i\% ¢

potential, a conparator (or differential 17 20 June 2006 anplifier) 350 can

be used F&blaggg&%eﬁggggﬁﬁﬂgq%fcamdhagre-a«.argevomgm theatischargeabraughabs on
a.

signal |ine ig. 9is an illustration of a nenory device 900

according to an aJjernagte odi nent . JAMERES mhbles

al t er nat ep@gmé tcopguafé’gls‘@ﬁw%#‘ﬁgg‘”éﬁﬁ ggﬁ%@l cel IE vﬁi ch do not

I nclude an access transistor 401. For exanple, Fjg. 10 ill.us tes one
exanpl e oforalulRAN aakh btausﬁnguisbnd@nmamé@c‘abpjébg sefsc AMpis: f%@a, 1001b
in lieu of an access transistor. As illustrated, the PCRAM cell 400
features a programabl e conductor nenory el enent 402 which is coupled to a

bit |i 104. Th . |
Coupl o0 10413 vor A WRAEEIH b DG Serie e JOBNY REmAE iy BEAPp S5)

conpri ses two diodes 100l1a, 1001b arranged as shown. )
- As previously noted with respect to DRAM systems, actvating the N-sense amplifier causes

the bit line (c.g., 406a’) having the lower 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- sensc amplificr 310P is actvated. As previously
noted with respect to DRAM systems, activating the P-sense amplifier causes the bit linc
(c.g., 406a) having the higher potential to be pulied towards Vec. 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 amplificr 300a associated with the cell 400a being read
will have one of its bit lines (¢.g., 406a) at Vcc potential and the other bit line (¢.g., 406a’)
at ground potential. Since one bit linc coupled to sensc amplifier 300a is now at ground

potential while the other bit line is now at Vec potential, a comparator (or differential
17




[ 0045] The nenory device 900 is otherwise very simlar to the nenory device

500 of the first enbodi nent. However, nenory device 900 includes

new sol ation transistors 901la-901d which serially cohggﬁt thé 8 nse
anplifiers 300a, 300d to the bit |ines 406a, 406a', 406bJul®6BYC The

I nvention operates in nmenory device 900 in a manner very simlar to nenory
devi ce 500 except that instead of deactivating word |ines 405a to

el ectrically decouple nmenory cell 400a fromanplified voltages on the bit

| i ne 406amphfi¢r350t@ndensicd go oubputiasalut carrespondiagsodahe eonteats offtheiecll 4002
normal Iy conducting, is turned off, thereby bifurcating the bit |ine 406a.
The portion. of,theabit |ine between the transistor 90la and the sense
anplifiebggﬁﬁg;%éﬁ?g*'en be sensed while the portion of the bit line

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

I solated fromthe sense anplifier. 18 20 June 2006 [0046] Fig. 8 is a

bl ock di pegm of ﬁg@%ﬁ&ﬂﬁfm@éé@ﬂf& GRVice SOMcasrding epialttrnady st em
cont ai ni ng a "PCRAM sem conduct or nmenory 802 as described 1 n connection with

the other fiqures. .The nenory 802 1 Const | d_as .one.. [ y
chi pe. or CmBBSt QRtBE PRE FRART o1 S HERHEG AR i UEsied Rl bl Bl
exanple, a plug-in nenory nodule such as a SIMM_ DIMM or other plug-in
menory nBORAM cElle whichcds sot inghutedin argess srangiowri4idl Krrexamplo dégsd} 801, a
menory 802, a mass storage 803, and an 1/O device 804, each coupled to a

bus 805. jI{itrhfes ané icaﬂhglcmm@m 801406’ whichsitlzees pairlof didkivs1000e, 1001b
under st ood that processor 801 could be any type of processor and may

01T usia o e Saraaie” s Mher P ARV AR S 500, O

However, nmenory 802 may only include a . o L
programmabie conductor memory clement 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
9012a-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 4062’ prior
to sensing, the isolation u;ansistor 901a, which is normally conducting, is turned off,
thereby biﬁxrcadng the bit linc 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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si ngl e PCRAM devi ce 500, or a larger plurality of PCRAM devi ces 500 than
illustrated, rand/or may include additional forns of nenories, such as
non-vol atile nmenmory or cache nenories. Wile one nas_scgs(ijgra%s 8%3 devi ce
is illustrated, the processor based system 800 may in n B rality of
mass st orage devices, possibly of varying types such as, but not |[imted
to, floppy disks, CDROMs, CD-R, CD-RW DVD, hard disks, and disk arrays.
|/ O device 804 may |ikew se conprise a plurality of 1/0O devices of varying

o ¢ or 5. ORHAY 1k 3818 B g0 Water B SFERSL e Ren 8O duth 224 Ompuc

bus may conprise a plurality of buses and/or bridges, which may be coupl ed
to each dystem,cpniaininged seamicendusepranemory 8dzas descnhed b oennsstugn Witgoq
may be coupled to only a single bus 805, others may be coupled to a

pl ural i t yheluhtBur&D SThelMes{dry 802 m&e {dHidhited a8 oRé 08 aitire infdtdly chips or
provi des a PCRAI;/Iﬁ?eII 400 andrg nmet hod for reading the contents o?‘ml?t he

‘cell 400 usi |ifi it t Y t

ol | RodbTPR RO eRaHets Sopibors, MFlork M SRS Rk dn Blerkdls
conductor 402 of the cell 400 fromthe bit |ine 406 a predeterm ned anpunt
of tinme anoduleshch py §IMMERIMM comerher plugdpmemonpameduls. cEhg prosessor based| ed

to the bit line 406. The predeterm ned anount of tine corresponds a tine

prior to dieme®00 Rhides a pro®sr 800t B nidifory-8020d ritass $&I18€e 8031RAKAIRNO 310P.
In the exsser&srrsl ary enbodi r?retprlt, tﬁe PERAM cel:ylh 400 i ncl udg% an accesgl>r

transistoy 401 for electrically c | § and decoupl i . o, the bit
line. TheXKKE804,¢ ac,%ﬁpic[dgﬁo 34% sﬁ@@ gﬂglﬁtaes ﬁBF‘E‘%s#g%é’t lmqgr #rll’tr?zei? % Thus,
in the exenplary enbodinent, the word line is deactivated the .

pr edet er rshauld baraodarstopdthatepratesser 891 could hsany sxpe obprogessor and may include

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
ﬁnglc PCRAM device 500, or a larger plurality of PCRAM devices 500 than illustrated,
-and for may include additional forms of memories, such as non-volatile memory or cache
smemories. 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
nof limited to, floppy disks, CDROMs, CD-R, CD-RW, DVD, hard disks, and disk arrays.
1/0 device 804 may likewise comprisc a plurality of 1/O devices of varying types,
including, but not limited to keyboard, mouse, graphic cards, monitors, and network
interfaces. Bus 805, while illustra@d 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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t hereby ensuring that the activation of the NN and P- sense anplifiers
310N, 310P do not rewite the cell 400. In another enbodi nent, the PCRAM
cell 400 does not include an access transistor. For éex | e, b@ PCRAM
cell instead utilize diodes. In any embodiment withoutZhAUReE g
transistor, isolation transistor may be inserted between the programmabl e
contact nenory elenent and the bit |ine associated wth the programabl e
contact nmenory elenent. The isolation transistors, which are normall
conduct i f@Q47ay bFhe préscntimyention ptovidas aRCGRAM ecb400 andadnethod fas réadinighe
exenpl ary enbodi mrent, after the word |line has been activated, thereby

achi evi nghd O ERRREFES LI 400 ubifiglshde Mnglifers G ARRSTFRUAIHRHE ContBEPEihe
r r d during sensi

el enent omthe el evated voltages generate g. [0048] Wile
the inventjop has been descriped {p detail [n connectiqgn with th X | ary
enbodi ot “RewSHoRRHCRROn HChErehhY BRLNEBE PROBARFEIFIT SoRepr 50F OhRy

the 20 20 June 2006 above discl osed enbodi nent. Rather, the invention can

be nodi f cedb40® fione chicpbit dihe 406ya predatearninetl anssumtdfaime afttt shepadbgransnable
substitutions, or equivalent arrangenents not heretofore described, but

whi ch ar &Rmﬁp | @alﬁﬂ'{ ' ﬂﬂﬁ’ hel |
Accordi ng?y, th e%%ﬁ?%&?éstﬁno Oﬁlhhdztgqg?/%t e c?%?%ggh%y escr?@g%?on or
o ingsmgeint of Ao oS RS iR e 8 10 scthation Scad bF ot ehe . 4nd P Sesas

amps 310N, 310P. In the exemplary cmbodiment, the PCRAM cell 400 includes an access

transistor 401 for electrically coupling and decoupling the cell to the bit line. The access
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
ﬁvithout an access transistor, isolation transistor may be inserted between the programmable
contact memory clement and the bit line associated with the programmable contact
memory clement. 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 conmc;.t memory clement from the elevated voltages generated during

scnsing.

[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
20



1. A nenory device conprising, an apparatus for reading data froma
programmabl e conductor random access nenory cell, said apparatus
conprising: an access circuit for coupling said nenorydﬁill bgb@gen an
addressed and activated word line and an addressed and®he¥f& bit line
during a read operation; a sense anplifier coupled to said addressed and
activated bit line for sensing a |logical state of said nmenory cell; and
preventing circuitry for preventing said nenory cell from being refreshed
in respatifecidisciRid cmbadiniif! HRathér, the inferifioiDédn teodicdodiiht Sipbfite Aty
apparatus for reading data froma programuabl e conductor random access

menory ce ald apparatis conprising: .an sgacircuit for coupli sai d
memory cdmERaARARRG o SR, STt BT SRERARY fiineckRa Rt thetded
and activated bit line during a read operation, a sense anplifier coupled
to said adrseabeshdusmidricheare vammeershrate with the spiris and iseppecof thgiinventionat e of
said nenory cell; and preventing circuitry for preventing said nenory cel
from bei ngcdopdin@BN ek invehtidiSie 8Be AndiR dW de oRGoRPEIAE SO VP EFHliflgsS Buflis
access circuit I's a transistor circuit "and said preventing circuitry

gguiﬁzes%ﬂgﬁ%&k\ﬁ}ye&c\ggﬁlc <|)f'tﬂgaf>8cr?cﬁ:ddc?aa}§1ts.' vated after a qul cal state 23
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of said nenory cell is transferred to said activated bit |line and before
said sense anplifier senses a logical state of said nenory cell. 3. The
menory device of claim2, wherein said preventing circuitry conprises a
transi stor which causes said activated word line to be deactivated. 4. The

menory device of claim3, wherein sai ransi stor is serial ed
between said word line and a driver fg?é aid word line and #%’Jﬁrﬁ%%@@é on

during said read operation and t ur €8P to deactivate said row line. 5.
The menory device of claim3, wherein said transistor is connected between
sai d word | Wiatamdlagnedigl and is turned off during said read operation and
is turned on to deactivate said word line. 6. A nmenory device conpri sing:
an appar at ug. fomeragi deyickitamprisimga pr ogr ammabl e conduct or random access
menory cell, said apparatus conprising: an access circuit for coupling said

menory cel | gResyeaanan ARG Hatd"ForAChi MRjgPsmWiitlk | dorRiuaitt Rimdaddr essed

and activated bit line during a read operation; a sense anplifier coupled

to said aﬁ%@%ﬁﬁf&%‘%ﬁéé@ﬂ%f%gmcufsr‘!é{?ﬁ'@‘gi'q@:orSenSi ng a |logical state of

sai d nmenor ry preventing said nenory cell
frombeing refreshed. in_response to,said rea‘%ggeration; erein_said

preventing &0 ASGPPT GIrEWin IRg52Uch gy ¢ WEPTL8H RYOreFediieen an

activated bit line and a sense aﬁl ifier associated with the activate bit
line, saiaftiwatadamoyd disenaptean tadeisssach@ndepsliyated it lipg NG &e3¢ad

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. A memory device 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;
wherein said access circuit is a transistor circuit and said preventing

circuitry causes said activated word line to be deactivated after a logical state



operation and turned off before said nenory cell can be refreshed. 7. A

menory device conprising: 24 20 June 2006 an apparatus for reading data

froma programrmabl e conductor random access nenory cell, said apparatus

conprising: an access circuit for coupling said nenory cell between an

addressed and activated word |ine anq¥$n addressed and act $%%92866 l'ine
r

act | vat oA TRBOr,eal 8 raroaen op) T2l eéqt&%ﬁe”%ﬁﬂsii{1°%séﬁbﬁ2%$€9r%2ﬁ%?f "and.

preventing circuitry for preventing said nmenory cell from being refreshed
i n resporsesse amplifier seasedpdogicalhateaisald mesadry gslleventing circuitry
causes said activated word line to be deactivated a predeterm ned anount
of tinme aft@r T®w dnewmwy ydedté OBdilaim t2y wheseisf saich preyenting stiequdnt o sai d
activated bit line. 8. The nenory device of claim?7, wherein said sense

anpl i fi elcomfiridesra traRsBIor WHficiichiised s&i R avateridrddineporie asactivdted. second
sense anplifier portion. 9. The nenory device of claim8, wherein said

det or i ned ey i st Yol i
g(r:tei \e/atereg‘ 2% i 'Igiééf)gﬁ%mg:g)( ddéWcé Sofdtlih %?'\Qh%r‘ielﬁﬁ sat@NEEnSERIr fs! QerigMftion is

second sense’ anp ler portion i1s activated. 10.

T et Re o e ot R S Ll g SRR PR e o
P-sense o%anj)LljriirIgi searid read operation and turned off to deactivate said row line.

5. The memory device of claim 3, 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.

6. A memory device 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 1o said read operation;

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. A memory device comprising:



11. The menory device of claim2, further conprising: a pre-charge circuit
for pre-charging the addressed and activated bit line and an another bit

| i ne, wherein said addressed and accessed bit line and said other bit Iine
are coupled to the sense anplifier. 25 20 June 2006 12. The nennry devi ce
of claim1ll, wherein said pre- charge CéJ[’CUIt pre charges t% 6? d and
activated b|t l'ine andtheaoth I ne prior t he nse ifier
sensi ng sai 8" RRAFE’ISIFAnEPagiRg % Nt @) pregramma %W@Eﬁ (ﬂ?@ ing, a
processor; and a nenory, said nenory further conprising, an apparatus for
readi ng d®cass mamerypiagsairaniasaltsmemeReingandom access nenmory cel |, said
apparatus conprising: an access circuit for coupling said nenory cell

bet ween an addmeasesbs eingliiafdricoafplidg waidl memeryaoel| hetveekh epsatttrassied
activated bit line during a read operation; a sense anplifier coupled to

sai d addrpgsssivated aoirll Viakeshdbh dddiesdedl ané eirsivatedabit ee eakingtateadf said

menory cell; and preventing circuitry for preventing said memory cell from
bei ng refor%§m. in response to said read operation. 14. A system
conprising, a processor; and a nenory, said nenory further conpri sing,

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;

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.

11. The memory device of claim 2, 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.



an apparatus for reading data froma programrabl e conductor random access
menory cell, said apparatus conprising: an access circuit for coupling said
menory cell between an addressed and activated word |ine and an addressed
and activated bit line during a read operation; a sense anplifier coupled
to said addressed and activated bit |i for sensing a | ogl gl s?§@§ of
said nenory cell; and 26 20 June 2Q06 reventing circuyitr q:??% nti ng
sai d menor y12elheimemasidayicerf i@y 11 nWhetsin mald (beCiaios CHEVS REPat i on:
wherein said access circuit is a transistor circuit and said preventing

ci r cui t r vhamyeethesaddieased and adtivated Hit line and te dectber bidise pifor & the | ogi cal
state of said nenory cell is transferred to said activated bit |Iine and
bef ore sajefise MNSIFicRBBhshFaid atdessad lapgdiautivateidabitlind. sai d menory cel | .

15. The system of claim 14, wherein said preventing circuitry conprises a
transi stor W@jﬁﬁsgﬁ%%?éoﬁﬁﬁ@i ctivated word line to be deactivated. 16. The
systemof claim 15, whereln said transistor is serially connected between
said word || {ver for said word line and is turned on during

said read o%gfgﬁggﬁﬁ%éﬁﬁturned off to deactivate said row line. 17. The
system of claim 15, wherein s?i& transi stor is connected between said word
line and gr BURMARA SRl MEMRIY THRACHERTRES'8G: d read operation and is turned

on to deactivate said word line. 18. A system conpri sing,
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.
14. A 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



a processor; and a nenory, said nenory further conprising, an apparatus for
readi ng data froma programabl e conductor random access nenory cell, said
apparatus conprising: an access circuit for coupling said nenory cel

bet ween an addressed and activated word |line and an addressed and

activated bit line during a read opergtion; a sense arrpllf dt
sai d addressed and activated, bit 1;ne ﬁ% ?@gyﬁé’ﬂeb? sai d

sensj
menory cel | ; and 2®regentik cseegy Slré?féﬁ?mﬂﬂ;? éP‘FQBﬁ’F? 8‘?' PR ARG sai d
menory cell frombeing refreshed in response to said read operati on;

wher ei n gefrashedireraspegse ite saidtrepdapepalictis a transistor serially connected
between an activated bit |line and a sense anplifier associated wth the
activate bivheréinesaiglaiadcess ighclit isomndenedter airsiuistamd bedichgprewrentinlg on
during a read operation and turned off before said nenory cell can be

refreshedrcliftry fafees! S CRANEISY WOrd liRe R6 VRLESAtvatst afte BBl SRIt§l Menory
further corrprl sing, an apparatus for reading data froma programmabl e

Conduc Ologf S rRF 42 oRAYREY gﬁ‘lﬂda&%?é@tb‘dsl QR B iy access

circuit for sai d nenor I etween an essed and acti vat ed

word |ine and an dressed t.ivat it lin
sense amplﬁ%r senses aefoglcgc state of salg memory Feell.

15. The system of claim 14, wherein said preventing circuitry comprises a
transistor which causes said activated word line to be deactivated.

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. A 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



during a read operation; a sense anplifier coupled to said addressed and
activated bit line for sensing a |logical state of said nenory cell; and
preventing circuitry for preventing said nenory cell frombeing refreshed
in response to said read operation; wherein said preventing circuitry
causes said activated word line to be eactivated to prede?&gpﬁ€gg gnount
of time after said nenory cell begjns %o transfer a |ogic e Po sai d
activated bit |ine.Prayent cigulidniosPreventng gaidumarerrcel drod hging
amplifier further conprises a first sense anplifier portion and a second
sense anpEfreshed fofaspense 2@ sad readoPEO8IBN;21. The system of cl ai m 20,
wherein said predeterm ned anmount of tine is after said first sense
anplifier pwherein sad greverdingdciesuitrp eborrisesi al tepsishar sarallyecamedtéd er
portion is activated. 22. The system of claim 20, wherein said first sense

anpl i fi erbdd@ebh@h adtivatdd bR GRE ara®kehs& bridlitlesassbaigtearwits Bisgctvand i f i er
portion is a P-sense anplifier. 23. The systemof claim 14, further

S48 o 15 AN dod Yo S o i, sok

f I
activate line an n-anot I ne, erein sald addressed and

accessed bit line and sai other hbit line are coupl t he sense
anplifi ero.peﬁg.'onl'ﬁ@8§V§‘Parﬂ%l?eft8f%?ﬂ5%ﬁ?%Pélil ﬁagﬁecfeﬁgaﬁ%?far ge circuit
pre-charges the addressed and activated bit |line and the another bit line
prior to thd9sAfysteragpMAiséid.sensi ng sai d addressed and activated bit
i ne.

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;
wherein said preventing circuitry causes said activated word line to be
deactivated to predetermined amount of time after said memory cell begins to
transfer a logical state to said activated bit line.
20. The system of claim 19, wherein said sense amplifier further comprises

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



25. A nethod for reading data froma programmabl e conductor random access
menory cell, said nethod conprising: activating an addressed word |ine
cont ai ni ng said programuabl e conductor random access nenory cell and
transferring a logical value in said cell to an associated addressed bit

|l i ne; deactivating said addressed word,}i ne ; and sensi ng a?({)/ §§b éal
transferred to_said bit line after sai ne i.s  deact t%ﬁtgag g The
t'dr ni ned

met hod of cPai Mhesysigadicaign2e, WBﬁEet'“@éi HE? goungd Araount
anount of tine after said activating. 27. The nethod of claim25, wherein
sai d sensdfteg saidtfirst seospr amphifier pottionats mgtivatedrand hafew safsl iserend uni t -
and 29 20 June 2006 activating a second sense anplifier unit a second

pr edet er ngemee drmpificafpiostiorsisi attimatedvat i ng of said first sense anplifier
unit. 28. The nethod of claim 25, wherein said deactivating takes place a

first pr ed?ﬁeTﬁb %9§|te@r’i‘BF8Fa|rﬁfzd R réht Riid fiPdt Sensé 'ah%llﬁ@g pBftictnisafNr essed

word | i ne. Thé met hod of claim 28, wherein said first predeterm ned
anmount  of r t
and bef OrSéetHSsagFadhﬁhf rla\?lgtssﬁﬂ de ﬁd g%ﬁésé;go flérabtﬂ‘tlgh §|ta| gaﬁ%ﬁmﬂhhégeﬂrﬁm

bef ore sai SESCﬂé%ﬂ%‘é%?&%aﬁﬁh?ﬁr&e@@ “Edet Bt .”S? nitand before sai d
activating gfprseaclzl'(ljarzgcc(:)[pc%|tsf%?s;$reacm%|rg|;|]:1|getrheugtlj(§ressed 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:

activating an addressed word line containing said programmable conductor
random access memory cell and transferring a logical value in said cell to an
associated addressed bit line;

deactivating said addressed word line ; and

sensing a logical value transferred to said bit line after said word line is
deactivated.

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



31. A nethod for reading data froma programrabl e conductor random access
menory cell, said nethod conprising: activating an addressed word |ine
cont ai ni ng said programuabl e conductor random access nenory cell and
transferring a logical value in said cell to an associated addressed bit
line; switching off an isolation transijstor |ocated on the 588 gbgg
addressed bit line and serially co '

r}_ne IL.hg a se se cfr{ghfl sard

cel | ; sensi A§AtINGGR S&COVAISTESE rARRITEF §eC elpfmpe tlr@? egtgrd wor d
line is deactivated. 32. The net hod of claim 31, wher ein said switching
of f takessaul actvatingwfesiid Sratiseode anmplifier ohitti ne after said activating. 33.
The nmethod of claim 31, wherein said sensing further conprises, activating
a first sengg. Ompl mktiedd vhiclaima®8, whtreidtdaid) deastivatimg ta&veseplaoqalai firsbr unit
a second predetermined tine after said activating of said first sense

anplifi egarﬂabfernﬁ%c?ﬁmwﬂ?o?ﬁ% af@f salhSctiveting bf @h #drbsié&PwordBnel n sai d

swtching off takes place a first predeterm ned anmount of tinme after said

activating %;eaﬁe %g%ghf 2'8' ereﬁl‘r’salgh smbtr@ %e% ifdld® Lot df’“er ein

said first I S af er ‘sai actlvatlng of said

Lhéfff.si?tsrﬁﬁﬁ?pa'\f@' samﬁa”q'v%@ oifesfai’cﬁ i&rs?h%se?ﬁaipéf‘“ Uftchnd Peford®sad® sense

predeterm ned amount of tine is before said activating of said first sense
anpl i f i eraciyating of sBigf srcongfeamse 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.

31. A method for reading data from a programmable conductor random
access memory cell, said method comprising:

activating an addressed word line containing said programmable conductor
random access memory cell and transferring a logical value in said cell to an
associated addressed bit line;

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.



activating of said second sense anplifier unit. 37. A nethod for reading

data from a programmabl e conduct or random access nenory cell, said nethod
conprising: pre-charging a first bit line coupled to the programrabl e
conductor random access nenory cell, said nenory cell including a

programmabl e conductor nmenory el enent, . pre-charging a seco gli,lézlo'bge ;
I ncreasing voltage on said first bit I?%e;,sw’,t hi n an és .
transistor 8f d8Edmethad pholegnpize wherept sgida IBg %(gﬁ{]ﬂh?ét ACEghfirst
element to said first bit line, switching off the access transistor of said
cel | to dwedeisrinined amoupt etfimamaiter saisoaclivetiog ofermddressakwerd lingn sai d
first bit line; sensing voltage on said first bit line and said second bit

line to det@bnilne methadiof alaigt dde wifersiai gaidr firgt areddtbemineddacoont wénor y
el enent; wherein said switching off is perforned before said sensing. 38. A

met hod f qimé qadifed ad VARG oP'<Re FiRsTeddreCanlifié Olntt aiiiDBefare CRAG menory
cell, said nethod conprising:” 31 20 June 2006 6. The nethod of claim 34,

of sai d rapihd 3 sREEROANRPEE PR LBt | L"Co G "act vating of said
ot ogr amabr 88caRsuEIgiod R A deraBnery wer PreddelfilehbiRUBNS!: oi no
time is before said activating of said first sense amplifier unit and before said
activating of said second sense amplifier unit.
37. A method for reading data from a programmable 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:



pre-charging a first bit line coupled to the progranmabl e conductor random
access nenory cell, said nmenory cell including a programuabl e conduct or
menory el ement; pre-charging a second bit line; increasing voltage on said
first bit line; switching on an access transistor of said cell to couple
the progranmmabl e conductor nenory elegent to said first bié Uhﬁﬁ?OOG
switching off the access transi stor of-said QF|{ to qecou |I%81 g

pr ogr ammabl 86¢ dhGuEeHiodeinsignme Bényhereinosaid Hitgt predgtepnined; amount of i g
voltage on said first bit line and said second bit line to determne a

| ogi cal dime dés befarai shigrastvatingbf saicbfiet seose mplifier aindnand beliersdith sai d
swtching off is perforned before said sensing. 38. A nethod for reading

dat a fr omaalivatiog bhsadezondsdneb@mpldiedonit. access menory cell, said nethod
conprising: switching on an isolation transistor to couple a first bit line

to a sense 3anMA ikdthbd BRI dallingSHaldl frohi 2e prddgranteatileesoriductom Faiommabl e
conductor nenory elenent of the programabl e conduct or random access
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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:

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 bit line;

pre-charging a second bit line;

increasing voltage on said first bit line;



sensing voltage on said first bit line and said second bit line to
determine a |ogical state of said programmable conductor menory el enent;
wherein said switching off is performed before said sensing.
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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 line to determine a
logical state of said programmable conductor memory element;

wherein said switching off is performed before said sensing.



