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| NVENTI ONwD.0o3B7eskel of the I nvention: [0001] The present i mearusopmerel at es
to integrated nenory circuits. Mire specifically, it relates to a nethod
for sensing the content of a programrmabl e conductor random access nenory
(PCRAM cell. 2. Description of Prior Art: [0002] DRAMintegrated 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 cirEﬁF@E&EEﬂﬁmqﬂggﬁﬁgqogy. The tremendous
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and cost, as well as incregfRfrRHPFrROR YENSINGCOARIEA DRAM nenory cel

typically conprises, as basic conponents, an access transistor (swtch)
and a capacitor for storing a binary data bit in the formof a charge.
Typically, a charge of one polarity is stored on the capacitor to represent
alogic HGH (e.g., binary "1"), and a stored charge of the opposite
polarity represents a Iogic LCNVIﬁe. ., binary "0Q"). The basic drawback of
a DRAM i s that the char gBAGKGRE PCT/ US03/ 03674 2
eventual ly | eaks away and therefore provisions nust be made to "refresh”
the capacitor charge or else the data bit stored by the nmenory cell is

| ost .

1. Field of the Invention:

[0001] The present invention relates to integrated memory circuits. More
specifically, it relates to a method for sensing the content of a programmable conductor

random access memory (PCRAM) cell.

2. Description of Prior Art:

[0002] 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 and higher levels of
integration that permit dramatic reductions in memory array size and cost, as well as

increased process yield.

[0003] A DRAM memory cell typically comprises, as basic components, an access
transistor (switch) and a capacitor for storing a binary data bit in the form of a charge.
Typically, a charge of one polarity is stored on the capacitor to represent a logic HIGH
(e.g., binary “1”), and a stored charge of the opposite polarity represents a logic LOW
(e.g., binary “0”). The basic drawback of a DRAM is that the charge on the capacitor



[ 0004] The nenory cell of a conventional SRAM on the other hand,
conprises, as basic conponents, an access transistor or transistors and a
menory elwpmawn7ism the formof two or nore integrated cir ®aTUSd®03icces
interconnected to function as a bistaBle latch. An exanple of such a

bi stable latch is cross-coupled inverters. Bistable |latches do not need to
be "refreshed,” as in the case of DRAM nenory cells, and will reliably
store a data bit indefinitely as long as they continue to receive supply
vol t age. [00051 Efforts cont ifgue to jdentif non-vol atile or
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ohnic § %ggsqrckegtrhgg agamgr%% erg@rggiqtsu%glnece teEIefelrlrs'l(zlr(l)tg{'of such material could be
programmed (set) to a high resistive state to store, for exanple, a binary
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data bit. The stored data bit could then be retrieved by detect| nfc‘;q;t he
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glasses ave € rests states have been |nvest|gated as

dat a stiRragfcdRUADT ¥ waht Tadest DRAM M dellslevidoeidl, reBatsih sese DIdANM tienor y
devices. U S. Patents 5,761, 115, 5,896,312, 5,914,893, and 6, 084, 796 al |

descr i bedt¢hiisly aclongla ey condinaregoirpesivepmpalyedbltsgeei n by reference. One
characteristic of a programmabl e conductor nenory el enent such as one

el udes THbgarTae: Grisutif SrouR ibe Bopedt RPCRRLar Falsvales” ¥
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doped gl ass a norna stab resi stance state. Application of
a vol t 3gecAciNsd tblkehibatdigde hastdoaledaable ailees seatct ahpeogramniabié stsaramec pat h
to occur In the glass. Thus, stable |ow and high resistance states can be
used t elenonteofisughmyatdealaould 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.

[0006] Recently programmable conductor memory elements have been devised. For
example, chalcogenide glasses which have switchable resistive states have been invcsﬁgated
as data storage memory cells for use in memory devices, such as DRAM memory devices.
U.S. Patents 5,761,115, 5,896,312, 5,914,893, and 6,084,796 all describe this technology
and are incorporated herein by reference. One characteristic of a programmable conductor
memory element such as one formed of the chalcogenide glasses described above is that it
typically includes chalcogenide glass which can be doped with metal ions and a cathode and
anode spaced apart on one or more surfaces of the glass. The doped glass has a normal
and stable high resistance state. Application of a voltage across the cathode and anode
causes a stable low resistance path to occur in the glass. Thus, stable low and high

resistance states can be used to store binary data.



WO 03/ 071549 PCT/ US03/03674 3 [0007] A programrmabl e conductor nenory

el enrent forned of a doped chal cogenide glass material typically has a

st abl e hiwb 08#%i58¢ ance state which may be programmed to RCrawos/emist ance
state by applying a voltage across thé nmenory elenent. To restore the
menory cell to a high resistive state, typically one needs to programthe
cell wth a negative, or inverse voltage which is equal to or greater that
the voltage used to programthe nmenory elenent to the | ow resistance

state. On rticularly pramsin programmabl e conduct or. chal ¢cogeni de
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circuitry is required to nondestructively sense data stored in the nenory
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sensed has the precharged voltage discharged through the resistance of the

pr ogr ammitblsdveronduct or nenory el enent of the PCRAM cell. A conparison is
made of the voltage read at the digit line and at the reference conductor.
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functional programmable conductor memory, appropriate read circuitry is required to

nondestructively sense data stored in the memory elements of the array.

SUMMARY OF THE INVENTION

[0009] A sense circuit for reading a resistance level of a programmable conductor
random access memory (PCRAM) cell is provided. A voltage potential difference is
introduced across a PCRAM cell by activating an access transistor from a raised rowline
voltage. Both a digit line and a digit coimplement reference line are precharged to a first
predetermined voltage. The cell being sensed has the precharged voltage discharged
through the resistance of the programmable conductor memory element of the PCRAM
cell. A comparison is made of the voltage read at the digit line and at the reference
conductor. If the voltage at the digit line is greater than the reference voltage, the cell is
read as a high resistance value (e.g., logic HIGH); however, if the voltage measured at the
digit line is lower than that of the reference voltage, the cell is read as a low resistance value
(e.g., logic LOW). In an additional aspect of the invention, in order to rewrite a logic
“HIGH?” into the cell, the rowline associated with the cell being sensed may be raised to a

higher voltage after the cell is sensed.



(e.g., logic LON. In an additional aspect of the invention, in order to
rewite a logic "HGH into the cell, the rowine associated wth the cell
bei ng serwoed3neps4be rai sed to a higher voltage after thePc&lusod/a363ensed.
WD 03/ 071549 PCT/ US03/ 03674 4 BRI EF BESCRI PTI ON OF THE DRAW NGS [ 0010] The
f oregoi ng and ot her advantages and features of the invention will becone
nore apparent fromthe detail ed description of preferred enbodi nents of the
i nvention given below with reference to the acconpanyi ng drawi ngs i n which:
[0011] Fig. 1 depicts two mempry arra eac -|.|l_‘ a plurality of PCRAM
nmenory cel l S, in accor dagte A!a_.ab cA: P e‘-;!‘g ._,. .b—‘.;-s.n.a. e At 3f the i nventi on;
[0012] Figs. 2(a) - 2(d) each depict a PCRAM nenory cell of Fig. 1; [0013]
Fig. 3 depj a i £4 i ] . ray;
[oo1a] i o0 ik Tt BHEERnE IR Sl g RAntiBe sl e b BIRwAl RY
array; bdc8RkShofd sppaberftaPifilthe defalilodvbsiiptidassipréichgd dmspimehisatahef | ow,

in accordance with an exenplary enbodi nent of the invention; [0016] Fig. 6
depi ct Sneerttian gigenl belprawitharefeacnceadithe acfonhpaglyingediagtiagsce whick: sensed
menory cell, in accordance with an exenpl ary enbodi nent of the invention;
[0017] Fi 7. depi.ct timng diagram for regding of | ow resjstance in a
sensed ngQrQ)lr]yJ cg[;: g iidﬁp%ﬁ%‘a*f %Eéoqwaf%Y%?ﬁcgfé?ﬁng @Hﬁ?&%ﬁ’ﬁ?bmm
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enbodi nent of the invention. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS
[ 0019] Theo@rEjsenFigs.p(ant 20d) sschldepiet dXCRANEtheasorgetll o li;n exenpl ary
enbodi ments descri bed bel ow in connection with Figs. 1-8. OQher enbodi nents
may be

[0013] Fig. 3 depicts an N-sense amplifier as used in the Fig. 1 memory array;
[0014] Fig. 4 depicts a P-sense amplifier as used in the Fig. 1 memory array;

[0015] Fig. 5 depicts a flowchart describing an operational flow, in accordance with

an exemplary embodiment of the invention;

[0016] Fig. 6 depicts a timing diagram for a reading of high resistance in a sensed

memory cell, in accordance with an exemplary embodiment of the invention;

[0017]  Fig. 7 depicts a timing diagram for a reading of low resistance in a sensed

memory cell, in accordance with an exemplary embodiment of the invention; and

[0018] Fig. 8 depicts a block diagram of a processor-based system containing a

PCRAM memory, in accordance with an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0019] The present invention will be described as set forth in exemplary
embodiments described below in connection with Figs. 1-8. Other embodiments may be
realized and other changes may be made to the disclosed embodiments without departing

from the spirit or scope of the present invention.



realized and ot her changes may be nmade to the disclosed enbodi nents w t hout
departing fromthe spirit or scope of the present invention. W 03/071549
PCT/ US03/Wea34715%9 [ 0020] I n accordance with an exenpl ary echawdosrexsts of t he

i nvention, a pair of nenory arrays afe coupled to a respective plurality
of sense anplifiers where each nenory array is nmade up of a plurality of
programmabl e conductor nenory cells. In order to read a logical state of a
given nmenory cell, an appropriate voltage difference nmust be placed across
t he programmuabl e conductor nenory el ement. The voltage difference nust be
suf fi ci enf0030knabi accardange vagermeremplaty erhkodimsgit infabinycrBeRIFCRT Ohenor y

element, but insufficient, to enabl.e the elenent to rogra d (or
ot ¢ By aiiEE ek sSURB B A ETE it P L5yl & Frte aled R SRS Tt ut Hare
menory Wl | ' | | r t he
A S R R e R el DRSS
pr edet ef loghed sqagy oodgotn hdaRodf dell] ark hq?xd'psi@ﬂ&arcgdagg difégems, mastdenplacddson i s
made, via a sense anplifier associated wmth the given nenory cell, between
t he di gicrossithe pregrrmagable pendndeyinemasyislearanit Therwliage diffastncggausitben
reference.bit |ine H1002%[] | f after the redengnin d tine, theldi it,line
vol t age’ e R 0PI PH PP A tPf?gfé“}“B‘l‘ F SRRAUSEPR MEMQE §lemetty, fut
resisti; ' d [ | r . :
A e S S S S G S R A
line Maftagthifferantcoixistesatrdtd the mémbey elsmdat ecdigit (Bitdllihd eoldagy talhd ive i s
grounded. The reference voltage is supplied by a digit coqflenent l'ine
associ adischapgachthaauglthe memare selt gnd theppgh trp pregremarible eprdursopmgnwyy ay s
respecti,vely serve,as sources for. the a reference.voltage when the.other
of 1t he THBCHEnSRCATrITEed SRR S e BRGNS PEFTS ASPPISER I dos
greater I Qﬁﬁﬁ o e : | Nt i 2k Elg. 1
depi ct smg&%?rl% ?gffhnsgf pglP %gg%ﬁa%enor y %?égglfsl %%go%g’ B%tg}gﬁn %%la%t lghg
voltage and a digit complement reference voltage at a reference bit line.

[0021] Ifafter the predetermined time, the digit line voltage is higher than the
voltage at the reference line, then a high resistive state is detected and the reference line is
grounded. If, however, the digit line voltage is lower than the voltage at the reference line
106, then a low resistive state is detected and the digit line is grounded. The reference
voltage is supplied by a digit complement line associated with an adjacent memory array.
The two adjacent memory arrays respectively serve as sources for the a reference voltage
when the other of the two memory arrays contains a selected memory cell. Fig. 1 provides

greater detail of an exemplary embodiment of the invention.

[0022] Fig. 1 depicts a portion of a pair of memory arrays 100, 165, each having a
plurality of columns 108, 112, 106, 110 and rows 122, 126, 128, 124, 130, 132. At each
intersection of columns and rows there is formed a programmable conductor random
access memory (PCRAM) cell such as memory cell 120. Sense amplifier 102 receives
inputs from column line 108 and column line 106. Sense amplifier 104 receives inputs
from column line 112 and column line 110. Each sense amplifier 102, 104 is configured
to compare a voltage at a digit (bit) line (e.g., 108) of a cell 120 being read with a voltage

at a reference line (e.g., 106) in order to determine whether the sensed memory cell 120 is



plurality of colums 108, 112, 106, 110 and rows 122, 126, 128, 124, 130, 132.

At each intersection of columms and rows there is formed a programmbl e
conduct orwpandorsu9 access nenory (PCRAM cell such as nenoPgTasbsib20. Sense
anplifier 102 receives inputs fromcelum |ine 108 and columm |ine 106.
Sense anplifier 104 receives inputs fromcolum line 112 and columm I|ine
110. Each sense anplifier 102, 104 is configured to conpare a voltage at a
digit (bit) line (e.g., 108) of a cell 120 being read with a voltage at a
reference line (e.g., 106) in order_to deternine_whether the_ sensed nenory
cel | 1Xofisg m@amg/cgiqgaﬁ}ﬁﬂ@sl@gxcds@% Ig the Big Aqueangamgat,df cqllokd GisH GH or
logic LON In the Fig. 1.arran nt, if cell,120.is being read, a voltage
at o gi 1oin Fch Agoleedk anitBid v somBrisF LMtk Sgrhss OHAe Blipl enant ar y

digit |i (N : Dependi ng upon whi ch side of
t he seﬁggﬁg%gﬁPP%%gﬁgggn%gﬁég&ﬁg&?#%%%g%ggéélceII 120 of interest, the
digit line 108 or 106 acts as the digit line D and the digit line 106 on

t he ot her [8028] acDspasdihf@poafiiieinside dif ghd sdnseremplified h02 bostaesahphemaoty i S
assuned that nmenory cell 120 is the cell being sensed. The colum |jne 108
associ aelldl A0 ehingesagsy the digitling P8 or 1@ acts aytheodigh LingD angithe digie hing 8@ p,
Colum line 106 i.s referred to as the di ght +C | enent Li.ne D*. © he

r ef er end® G gt f‘aﬁﬁfﬁs aﬁz&ﬁ%m&%ﬁ?%%tblfnec oh(}HgﬂgrCXF'r‘ELFf‘E)Cr’>1/t & é?sflmfﬁi(fi%%nsi sts
of an %ﬁﬁﬁﬁﬁycéHf@@hﬁ&@%eﬂ%ﬁ%&%ﬁn@uPrTHé%&ﬁﬁﬁiEn&@@@ﬁ&&@ﬁm&?@ﬁﬁxnéhéﬂﬁnt
116. One end of the progra | e conductor nenory elenent 116 is coupled
to a ceadell Phisectil8d tdhe tid digit (bér)dinefD 1 inlypmadinenitiis ecfeard wo tag chadigitr y

el ement 116 is coupled to a source/drain termnal of access transistor

114. Arfsrhplemest e D, oirthe exfpicase lise- access transistor 114 is coupled to
digit line 108. A gate of the access transistor 114 is coupled to a rowine

122 assoﬂ)éﬁf]d V\figc@l lgr%egrgrgrrﬁgf)f/e c%?chilucgbzr(%nemory cell 120 consists of an access
transistor 114 and a programmable conductor memory element 116. One end of the
programmable conductor memory element 116 is coupled to a cell plate 118. The other
end of the programmable conductor memory element 116 is coupled to a source/drain
terminal of access transistor 114. Another source/drain terminal of access transistor 114 is
coupled to digit line 108. A gate of the access transistor 114 is coupled to a rowline 122

associated with the memory cell 120.

[0025]  Further, the D and D* lines are coupled to a pre-charging circuit 175 for
precharging the D and D* lines to a predetermined voltage value (e.g., Vdd). The D* line
is coupled to one terminal of p-type complementary metal oxide semiconductor (CMOS)
transistor 177 and another terminal of transistor 177 is coupled to Vdd. The D line is
coupled to one terminal of p-type CMOS transistor 179 and another terminal of transistor
179 is coupled to Vdd. The gates of both transistors 177, 179 are coupled together for
receiving a precharge control signal. When the precharge control signal is received, both
transistors 177, 179 are turned on and both the digit line D and digit-complement line D*
are charged to Vdd. Fig. 1 also shows an equilibrate circuit 176 for equalizing the voltage
on the D and D* digit lines. After the D and D* are precharged to Vdd by a precharge
signal, the lines are then equilibrated by an equilibrate EQ signal applied to transistor 180.



[0025] Further, the D and D* lines are coupled to a pre-charging circuit
175 for precharging the D and D* lines to a predeterm ned vol tage val ue
(e.qg., Voaap.o3dmes4D* [ine is coupled to one term nal of pPCYAES03/03674
conpl ementary netal oxide sem conductdr (CMOS) transistor 177 and anot her
termnal of transistor 177 is coupled to Vdd. The Dline is coupled to one
termnal of p-type CMOS transistor 179 and another term nal of transistor
179 is coupled to vVdd. The gates of both transistors 177, 179 are coupl ed
together for receiving a_precharge control signa}. When, t he precharge
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precharge signal, the [ines are then equili by an equilibrate EQ

si gnal tw@ppinabdf fqessransissdol 141 8AccerBRdi A3 H19 iRdEpitis0 3 B3FPpd CMO0026]
Turning to Fig. 2(a), a sinplified schematjc dia?ra of progranmabl e
conduct Bnsipsem bYWt aqcess fransisey £14ayarigbe Frplaced madenPatPy MBS 120 to
describe the inventign, digit line 08 is,coupled to Vdd durin
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Access LRSS rdindly| A deBhE tGthiAf JF iR is LbAPIRHSH Alfirst RWBURI of
access transistor 114" may easily be replaced with a p-type CMOS transistor
as | ongpgrichimablerdogsipondimgnpol demtnesl ®@f As neernidned abonpgnegtasmable

vol tages are nodified accordingly. A secaond termnal of transistor 114 is
coupl edcanslugtarimemorieelamsar 166 mayr byymadeabraleegraids slassyerpnyodies Ristible 16,

As menti oned above rogra bl e . condugct.or memory ¢l enent 116 ymay he de
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el enent 116 1s coupled to cell plate 118 which is also a common conduct or
for a plutaliay of progframiadicatomitnceoranatoct eenramorVhetdhpintes] 18Miseiedaiola pl at e
118 is tied to a

voltage terminal for providing a predetermined voltage level (e.g., Vdd/2) to the cell plate

118. A gate of access transistor 114 is tied to rowline 122. When sufficient voltage is

applied to rowline 122, access transistor 114 is turned on and conducting and couples the

digit line D 108 to the programmable conductor memory element 116.

[0027] The voltage value applied to rowline 122 dictates what operation is being
performed on the programmable conductor memory element 116. For instance, assuming
the D line 108 is tied to Vdd (e.g., 2.5V) and the cell plate is tied to %2 Vdd (e.g., 1.25V),
in order to activate the access transistor 114, a minimum of 2.05V must be applied to its
gate. A voltage of 2.05V at the gate of access transistor 114 is sufficient to turn on
transistor 114 since that creates a difference of potential of at least the threshold voltage
(Vt), approximately 0.8V, between the gate and the source/drain terminal coupled to the
cell plate 118.

[0028] While 2.05V applied to the gate of access transistor 114 is sufficient to turn it
on, it is not sufficient for reading from or writing to the programmable conductor memory
cell 120. In accordance with an exemplary embodiment of the invention, approximately

0.2V is required to be across the programmable conductor memory element 116 in order



voltage termnal for providing a predeterm ned voltage |level (e.g., Vdd/2)
to the cell plate 118. A gate of access transistor 114 is tied to rowine
122. WerwouwBbisuent voltage is applied to rowine 122, RCTAS83/036ansi st or
114 is turned on and conducting and cBuples the digit |line D 108 to the
programmabl e conductor nenory el ement 116. [0027] The vol tage val ue applied
to rowine 122 dictates what operation is being perfornmed on the
programabl e conductor nenory el enent 116. For instance, assunming the D
line 108 is tied to Vdd (e.g., 2.5V) and the cell plate is tied to 1/2 Vdd
(e.g., to.eaVjt, Furthesy deprdes tastite 4¢-6., thProgaBsHs vﬂaebsﬁ%tﬂwérprqgmmraab#m rrum
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appr oxi e gate and”the source/drain term nal coupl ed

to the uﬁ@khn@hagaﬂéﬁﬁntEDGZS] While 2.05V applied to the gate of access
transistor 114 is sufficient to turnit on, it is not sufficient for
reading fromor witing to thehgro granmabl e conductor menory c¢cell 120. In
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being rewitten to the nenory el enent 116. [0029] Turnln to Fig. 2(b),
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i's clement 116; a voltage sufficient for reading the contents of the element 116, but

insufficient for writing to the element 116.

[0030]  Fig. 2(c) depicts exemplary voltage levels and polarities for writing a logic
LOW back into the programmable conductor memory element 116. As will be described
in greater detail below, when a logic LOW level has been read as being stored by the
programmable conductor memory cell 120, the D line 108 is grounded by the sense
amplifier 102. Point A is also at approximately ground and, therefore, a voltage drop of
approximately -1.25V is across the programmable contact and the logic LOW may be

rewritten back into the programmable conductor memory element 116.

[0031] Fig. 2(d) depicts exemplary voltage levels and polarities for writing a logic
HIGH back into the programmable conductor memory element 116. As will be described
in greater detail below, when a logic HIGH level has been read as being stored by the
programmable conductor memory cell 120, the D line 108 is boosted to approximately
Vdd by the sense amplifier 102. Then, the rowline 122 is raised from approximately 2.25V
(its voltage level during the read operation) to approximately Vdd, thereby placing a

voltage of approximately 1.7V at point A. The 1.7V at point A creates a potential



applied to the rowine 122 coupled to the gate of access transistor 122.
The threshold voltage, Vt, is subtracted from2.25V and point Ais

appr oxi mewelog/011546V. The cell plate being at 1.25V | eave®Ca/usos/omge drop
of 0.2V across the progranmabl e conduétor nmenory elenment 116; a voltage
sufficient for reading the contents of the elenent 116, but insufficient
for witing to the elenent 116. [0030] Fig. 2(c) depicts exenplary voltage
| evel s and polarities for witing a logic LOWback into the programable
conductor nenory elenent 116. As will be described in greater detai
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Fig. 3 AgpidfrctialNos 8ARGsRFBOD 8 A second terminal of transistor 305 are coupled to

a first terminal of CMOS transistor 310. A second terminal of transistor 310 is coupled to

ground and a gate of transistor 310 receives a Fire N control signal. The Fire N control
signal is received by the N-sense amplifier 350 a predetermined time after the desired
memory cell rowline is fired, as will be described below.

[0033] Fig. 4 depicts a P-sense amplifier portion 360 of a sense amplifier such as
sense amplifier 102. A first terminal of P-sense amplifier 360 receives digit complement
line D* and is also coupled to a gate of p-type CMOS transistbr 330 and a first terminal of
p-type CMOS transistor 325. A second terminal of P-sense amplifier 360 receives digit line
D and is also coupled to a gate of transistor 325 and a first terminal of transistor 330. A
second terminal of transistor 325 and a second terminal of transistor 330 are coupled to a
first terminal of transistor 320. A gate of transistor 320 receives a Fire P control signal.
The Fire P control signal is received by the P-sense amplifier 360 a predetermined time

after the Fire N control signal is received by the N-sense amplifier 350.

[0034] Turning to Fig. 5, a flowchart describing an operational flow of the Figs. 1
and 2 schematic diagrams is depicted, in accordance with an exemplary embodiment of the

invention. In this exemplary process flow, the following parameters of the PCRAM cell are



portion 350. A first termnal of N-sense anplifier 350 receives digit
conplenent line D (i.e., the colum line in the nenory array adjacent to
t he menoryoasizns4d hat contai ns-the nenory cell of intere®CI/HBN03634 al SO
coupled to a gate of n-type CMOS tran®i stor 305 and a first term nal of
n-type CMOS transistor 300. A second term nal of N-sense anplifier 350
receives digit line D(i.e., the colum line in the nenory array that
contains the cell of interest) and is also coupled to a gate of transistor
300 and a first _termnal of transistor 305. . A second termnal of
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invention. In thi's exenplary pfocess flow, the fol ng parameters of the

PCRAM cE06 franediffer&id/drhbAbarryh/ 1080 3603664 putfoses of this description, we will
assume Vdd is approximately 2.5V. The cell plate 118 is tied to a predetermined voltage
(e.g., Vdd/2, or approximately 1.25V) which is either a condition which is present
whenever the memory is active, or one which can be switched to by memory operation. In
this illustrated embodiment, the Vdd/2 voltage is turned on at processing segment 506.
At segment 508, both lines D, D* 108, 106 are precharged to a predetermined voltage
(e.g., Vdd = approximately 2.5 V) via precharge circuit 175 and then equilibrated by

equilibrate circuit 176.

[0036] A sclected rowline 122 is fired at segment 510 By applying a predetermined
voltage from a rowline decoder to that rowline 122. In this example, the predetermined
voltage has been selected to be approximately 2.25V as will be described herein. In order
to read the contents of the memory cell 120, or more specifically, in order to read the
resistance of the programmable conductor memory element 116 of the memory cell 120, a
voltage of approximately 0.2V must be present across the element 116. This means that a
voltage of approximately 2.25V must be applied to the rowline 122. A voltage of
approximately 2.25V applied to rowline 122 turns on transistor 114. Since the threshold

voltage of transistor 114 is approximately 0.8V, then a voltage of approximately 1.45V is



presuned: i) that the erase voltage to grow a dendrite in progranmabl e
conductor nenory elenent 116 switching it to a high resistance state and
t hus witwoasbogise "1" is 0.25V;, (ii) that the erase cur PENUSN303674
approximately 10pA; (iii) that the prdgramvoltage (wite a "1" elenent to
logic "0") is -0.25V; (iv) that the programcurrent is approximtely 10pA
(v) that the resistance corresponding to a logic "0" is approximately 101'Z
and (vi) that the resistance corresponding to a logic "1" is any val ue
greater than approximately 10ME2. It should be readily apparent_ that
al t er napleventpapainstie mhilgradvadisge of ppRroxinatalyek 25 ¥ s prasentitahe 68l plaje hiS
selected for..the P Mcell wt t ,departi fromthe spi,rit .and scope of
The' | nvBRE Gt g0 SoPPrRE TSy b e regaleede B d SgReRt bt
502, segﬁog@‘%isﬂer 102 sees the two lines D and D, where both D and D*
are respective colum lines 108, 106 fromdifferent nmenory arrays 100,
165. For purposes of this description, we will assunme Vdd is approximtely
2.5V. The [06BY] pl AtshohlBbé sndniteed oh# phadatcessnmrasitaol Mageonfectng, thied/ 2,

or approximately 1.25V) which is either a condition which is, present
whenevevoliags crféﬁed;glt Hng B 1 0% is astuadliancimrser byappreswiele R (P B9 menory

operation. In this Jllustrated enbodi nent,  the d/2-..vo|ta i d on
at pr ocﬁ?gf’ﬁ&%&%@zﬁw gﬁ%_.to 2 Rpras rfé‘ﬁ?cq%ﬁéé (%58p P%ggl Onféﬁslg%,b ]ﬁg%fgé,b E%%%ar e
prechar ged J19ma ISl SEdHRedwWRltB%eof e -rHemogﬁi&:ﬂ? "BIRR IR fbprofinatiy
via precharge circuit 175 and then equilibrated by equilibrate circuit
176. [ 0986V Aiffetmettedweandigielid?D, tse foluadh late 5eR)nmotiatetOvily thppilybeigga
predeterm ned voltage froma rowine decoder to that rowine 122. In this
exanpl ercadi@0ppaddd L AP ndhe refesencsghisihdigepdds pasrsieq epacisange laggpakbemt el y
2.25V as will be descri.bed herein. In order to read the. contents. of the
rermor y BT % gingioof B gaerpean of o fitbogirel §7 Paadtiat Flafidiee bl o
the proglaamRble GBAGHEY ChpdtREPEY A& BE Providéd ohidhe sWREREY irfakduidal 2
vol t age of approxi mately OPZV must be present across the element 116. This
means t é@inegted with digit line D 108 during a read operation; therefore, in accordance with an
exemplary embodiment of the invention, the amount of voltage increase when the rowline
122 is fired can be controlled by the memory architecture. The increase in the voltage at D

108 is described at segment 514.

[0038] There are other ways to increase the voltage difference between D and D*, as
seen by the sense amplifier 102. For instance, a dummy row line 124 could be employed in
the memory array that is not of interest (e.g., 165) such that the dummy rowline 124 is
always on and precharged to Vdd (approximately 2.5V). Then, when the desired rowline
122 is fired, and the desired digit line D 108 is raised to approximately 2.6V, due to the
parasitic capacitance 138, the dummy rowline 124 is turned off and, as a result, the voltage
at digit complement line D* 106 drops to approximately 2.4V due to the parasitic
capacitance 138 between the dummy rowline 124 and column line 106. The end result is
that D 108 and D* 106 differ by at least approximately 0.2V when D 108 begins to
discharge as described below.

[0039]  Siill referring to Fig. 5, at segment 516, the digit line of interest D 108

begins to discharge from approximately 2.6V through the resistance of the programmable



vol tage of approximately 2.25V nust be applied to the rowine 122. A

vol tage of approximately 2.25V applied to rowine 122 turns on transistor
114. Si ncwotohe7tshe eshol d  voltage of transistor 114 is appCoAisesossiy 0.8V,
then a voltage of approximately 1.45M2i s WD 03/071549 PCT/ US03/03674 11
present at point A while a voltage of approximately 1.25V is present at the
cell plate 118 for a difference of approximately 0.2V, the required read
voltage, as indicated at segnent 512 of Fig. 5. [0037] It should be

mentioned that when access transistor 114 s conducti‘:‘?’fgé t he vaol tageJE of
the di giondiites nErog dlemart dewn yo appiaximagiyol 28 p tasestarlate L I8 vakagsp ks

her oroasithe e rHAS SRSFOiAR BRHe OB A oh L Poulcrig S o5 tibipRiibible,

cel I ThiFutes %érﬁol’l;p%@rﬂgﬁpﬁ RN ¥ de@rifinkY tﬂhlé f(%ge, NGe3bed) Weent @idctdd ne

D, the colum |1 ne 108 associated wmth the cel i'ng read 120, and D*
106, t hewliatarerie fretl, gk sedrndre. 5 1) ehPAT-asist amplifipasdh® snaablkdgviraynbel vari ed
as a function of the construction of the memory cell or an addig‘ion |
capaci tsignebFira Natscgoent o018 wvhiciheornparey theayitise on hgd> 08angeD prlddi ia‘&a
which is switch incircuit.and connected wth digit i D 108 ring a
read opdrSBMGRL %gﬂe? QFE?F‘@}nﬁthdég@rdgé‘ﬁg% “a}eﬁhﬁr Cpég%rﬁﬁ]néﬁe 8%% |t$rlgnt of
the inventi Moltagelacer ease when the rowine 122 is
fired CCZ%B %%%él??so%@g%ﬁ%e msrmryc architecture. The increase in the
voltage at D 108 is described at segnent 514. [0038] There are other ways
to increaf@040ie Vbt agmpld,fat ecganee: 392, wedenedihiamdois, nade asteemhdhet e sense

amplifier 102. For instance, a durmg row |ine 124 coul d bhe enployed iin  the
meror y igitihyoltaggion B k8 hay dischasged; below e voltagg oadet 10A4r thhpredgipmpined

when © PGEEDE derBol PAE)- 253 PRRTrEd0 B (HE oBRR BRI Y P og e
rai sed {¢3 ARREQSELARISKM & S¥es IH'@adsBtbRB05 and 300. If at the predetermined time

t,, the voltage at the digit line D 108 is higher than the voltage at the digit complement

line D* 106, then D* 106 is grounded and D remains floating and considered as having a

high resistance level (e.g., logic HIGH) at segment 524.

[0041] It should be noted that rowline 122 may be turned off after the access
transistor 114 is turned on. Doing so, however, will present the programmable conductor
memory element 116 from being re-written. This may be desired when a logic HIGH was
read since a re-write may not be desired after each read operation of a logic HIGH as this is
the normal state of the programmable conductor memory element 116 and repeated

unnecessary re-writing may result in damage to the element 116 over time.

[0042]  Still referring to segment 522, if at the predetermined time t,, the voltage at
D 108 is lower than that at D* 106, then line D 108 is grounded and D 108 is considered

as having a low resistance level (e.g., logic LOW) at segment 526.

[0043] At segment 528, P-sense amplifier 360 is enabled, via control signal Fire P, a
predetermined time (e.g., 1-5ns) t, after the N-sense amplifier 350 is enabled. Ifa high

resistance level was recognized at segment 524 (i.e., D 108 is logic HIGH), then transistor



parasitic capacitance 138, the dummy rowine 124 is turned off and, as a
result, the voltage at digit conplenent |ine D 106 drops to approximately
2.4V due WO oBloziSpar asitic capacitance 138 between the dumey/usosbicne 124
and colum line 106. The end result i® that D 108 and D* 106 differ by at
| east approximately 0.2V when D 108 begins to discharge as descri bed
below. [0039] Still referring to Fig. 5 at segnent 516, the digit |ine of
interest D 108 begins to discharge from approxi mately 2.6V through the
resi stance of the progranmmable WO 03/071549 PCT/ US03/03674 12 conductor
nenory 33@msent antbwantison b dxdffandithe volpasg attling 124108 ipbapsted t8 vol t age. The
| onger the disc arvgégho eratiﬁgﬁéakes, the greater the resistance | evel of

t he pr oPARTEBILEY CEEn ry element 116. A predetermined tine (e.g.,
15-30ns) after the selected rowine 122 is fired, at segment 510, the

N-sense a hiier j I ; L ureee N nt
515 whi ch aotphr ch TRE balrage on T ha b a0h wad B b6l fes. Tus Poaner
520, a Hewe),rhastiaosisios 330deoffantaraistdred2 s i @ nprreplisael 6 is omdniined at

el enent 116 has a_|ow or high _resistance |evel. [0040] For exanple, at
segnent appzoximatelg Vaeldntrgsmsat P82made as to whether the initial voltage on
D 108 has di scharged bel ow the voltage on D 106 in the predeterm ned

ti meframe , -30ns)...Referri to Fi.g. .3, the vol.ta | u at
o 06 and OBt heA BB Ak BE I MheaT A vl syt o et P ARG YR OT 5,
If at thg g% Aet 80Pl e dhi B’ mdrioryt dém¥! 1 PdEoRbinel 1dhwdickistive\@ar®, 428, b
hi gher than the voltage at the digit conplenent |ine D 106, then D* 106

i s groudecetdbeddbd¥er, edisihgshé toalinant? Zndtgensi geredmasclyn ddidng nat nédegdary to

resi stance |evel (e,g., logic HHGH at segnent 524. [0041]. I1t. should be

not ed t¥apritonlawnEesBRye sy heweyehdac srwling 124 isppncsleeess saised irdst 1 114

I's tur nﬁ(cjﬂigaq:é rfl?_%i’rﬂ%gsg higrlllorewsel\s/t%{lte Xga'écl. Tﬂ{a%sis%ri] tl{[eri)ei'o {a%%rngbmglngugtgP %Pc%&iy
element 116 contained a high resistive state, then raising the rowline 122 to approximately
Vdd sets the voltage at point A to approximately 1.7V, thereby placing a voltage potential
difference of approximately 0.45V across the programmable conductor memory element

116 which is sufficient for re-writing.

[0046] Fig. 6 depicts a timing diagram showing a process flow for finding a high
resistance level, as described in connection with a portion of Fig. 5. For example, initially,
both D 108 and D* 106 are precharged to approximately Vdd. At time t;, rowline 122
fires and turns on transistor 114. The voltage at D 108 increases by approximately 0.1V to
approximately 2.6V due to the parasitic capacitance 138 between rowline 122 and column
line 108. Then, line D 108 is discharged from approximately 2.6V for approximately 15-
30ns while line D* 106 is maintained at approximately Vdd. At time t,, N-sense amplifier
350 is enabled and compares the voltage at line D 108 with that of line D* 106. If the
voltage measured at D 108 is greater than that of D* 106, then a high resistance level is
recognized, as described in connection with Fig. 5. In addition, line D* 106 is forced to
ground (0V) at time t,. At time t,, P-sense amplifier 360 is enabled and line D is boosted

to Vdd and read as logic HIGH. At time t,, the rowline 122 voltage is increased from



menory el enment 116 frombeing re-witten. This may be desired when a | ogic
H GH was read since are-wite may not be desired after each read

oper at i onwofoza7isagi c HHGH as this is the nornal state of PChaSps/agranmmuabl e
conductor nenory elenment 116 and repedt ed unnecessary re-witing may
result in damage to the elenent 116 over tinme. [0042] Still referring to
segnent 522, if at the predetermned tine t2, the voltage at D 108 is

| ower than that at D* 106, then line D 108 is grounded and D 108 is

consi dered as avi ng a lowresis e | evel | c L at segnent
526. [0@?3‘]”‘11@&“‘5 to momm%lﬁt\gcpéﬁ%wew 81’” é‘H}téa a control
signal Fj r ti 5ns) t3 after the N- sense
anpl i fiIgO gaé%mlaglcena ﬁg%)? F%n[féhq 116;% éeerse%g taeglnce | evel was recogni zed at
segnent 524 (i.e., D108 is logic HHG), then transistor WO 03/071549

PCT/ US03/ 6@4? 1Big3 3 Uepfeton tighifle Uiadnsh Shewink2d ptdcesf flow ek fikdiny allbage at
line D 10 oosted to approximately Vdd at segnent 530. [0044] If a |ow
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t hen transi st 0 transistor, 325 .on ne D 106
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not necessary to re-wite a lowresistive state; however, the rowine 122

i's nonefrtwl appsoximiasdyl 2iGV Grchpproximatedy il b 3Quseviile: | ¥6nig naainaiiedragsi st ance
state. s ool GdPeAPLoTaTIEbLe Sorglcts, regy, elerent 11g copt i nec
e 2 IR0 By 0 08 AL AL o PR B
progr any@ibk 6 0eQ fekicd Riw FRFRINte #dveBRtcognized, as described in connection with Fig. 5.

In addition, line D 108 is forced to ground (0V) at time t,. At time t;, P-sense amplifier

360 is enabled and line D remains at 0V and is read as logic LOW and line D* is

maintained at approximately Vdd. At time t,, rowline 122 voltage is increased from

approximately 2.25 to approximately Vdd. As described above, although this is not

necessary to re-write a low resistance level in the programmable conductor memory

element 116, it is done so that other memory cells storing a high resistance level may be re-

written.

[0048] Fig. 8 illustrates a block diagram of a processor system 800 containing a
PCRAM semiconductor memory as described in connection with Figs. 1-7. For example,
the PCRAM memory arrays 100, 165 described in connection with Figs. 1-7 may be part
of random access memory (RAM) 808 which may be constructed as a plug-in module
containing one or more memory devices having the PCRAM structure described above.
The processor-based system 800 may be a computer system or any other processor system.
The system 800 includes a central processing unit (CPU) 802, e.g., a microprocessor, that
communicates with floppy disk drive 812, CD ROM drive 814, and RAM 808 over a bus
820. It must be noted that the bus 820 may be a series of buses and bridges commonly

used in a processor-based system, but for convenience purposes only, the bus 820 has been



116 which is sufficient for re-witing. [0046] Fig. 6 depicts a timng

di agram showi ng a process flow for finding a high resistance |evel, as
descri bedwpr3oorsmecti on with a portion of Fig. 5. For examplrasod/ederd al |y,
both D 108 and D* 106 are precharged o approxi mately vdd. At tinme t1,
rowine 122 fires and turns on transistor 114. The voltage at D 108

I ncreases by approximately 0.1V to approximately 2.6V due to the parasitic
capaci tance 138 between row ine 122 and colum 1line 108. Then, line D 108

i s discharged from appyoxi mately 2.6V for,_approximtely 15- ile line
D 106 liUS‘Stﬁ%FFﬁta&Pﬁ@(%?%Pu%lpﬁPd%ﬁ’ Pé‘FRPt\@AQ% Vice ﬁ%-gt,zpowt%@@g? 39\31}11%{ er
350 is apled a res I (S 110, . ine D*
350 15 ApRBL ey And- LRI 65 A0F MBILAAS, Ryl BIASo MG alihe
a hi gh TR8 hadREeR-HaSMBlystein 806GRGNh&RHes R feadesEly nk&Hoky( RRORNSU(] RRichi rhiy
Fig. 5. Inaddition, line D 106 is forced to ground (OV) at tine t2. At

time t3lsdPbs essbtaspld 4 seitwas(prograemabl ed and line Dis boosted to Vdd and
read as logic HHGH At time t4, the rowine 122 voltage is increased from

WO 03/ 071 / 3/03674_. 1 roximately 2.25 to i.mately Vvdd,

t her eby eiéﬁﬁ%?; Kﬁgoeshﬁéﬁﬁg- éfﬁgﬁ%&agmﬁaﬁwmrﬁye&a%%ﬁﬁ&é&t 116 to
be rew | . ' t.1.0 ' . ' . s flow
for 1 nariERcop ety PR £hinftcl il 8o aATHS Mt thids BLOAESS

porti onpffedsirl. As kie®¥n &X @EP4re, pdrilld] pdbde¥sor MR@thindsicag bl clddfiedds sihgle D* 106
are precharg]é%to approximately vVdd. At tinme t1, rowmine 122 fires and
turns omstruetm Snoltipld data(REMLY), nzggeing alDprbesssprscexeasteshp yarap prsowictanehty

O 1V t o appr oxi mat el .QV.due to parasitic c citance 138. Then, D 108 is
di schar cfamlertHH‘F’a‘Hp‘?‘/’BﬁF insfpcgoR I BiplS 5 > ICRBINENTISh REPESSS s+ 106

I s mai ntal Lhately vdd. At tinme t2, N-sense anplifier 350 is
enabl edé}%ﬁgégg?r&peéﬁggﬁgﬁé&%sf age at line D 108 with that of |ine D* 106.

If the voltage neasured at D 108 is | ess than that
[0050] The present invention provides a PCRAM cell 120 and a method for reading

the contents of the memory cell 120. The memory cell 120 consists of a programmable
conductor memory element 116 in series with a first terminal of an access transistor 114.
The other side of the programmable conductor memory element 116 is coupled to a cell
plate 118 that may extend across a plurality of programmable conductor memory elements
116. A second terminal of the access transistor 114 is coupled to a column line 108, which
can be the desired digit line (D). The gate of the transistor 114 is coupled to the rowline
122 of the memory cell 120. A first predetermined voltage potential (e.g., Vdd) is applied
to digit line D 108 and a reference digit line D* 106 of an adjacent memory array 165. A
second predetermined voltage potential is applied to the cell plate 118. When the rowline
122 for a desired memory cell 120 is fired with a third predetermined voltage potential
(e.g., approximately 2.25V), the access transistor 114 is turned on and conducts and digit
line D 108 discharges for a predetermined time period (e.g., 15-30ns) at which time, line
D 108 and line D* 106 are compared with each other, with sense amplifier 102, in order to
determine whether the programmable conductor element 116 contains a high or low
resistance level. The memory cell 120 being read is then prepared for a next cycle by
precharging both line D 108 and line D* 106, as well as the rowline 122 voltage, up to

approximately Vdd so that the high resistance level may be rewritten to the memory cell



of D* 106, then a |l ow resistance level is recognized, as described in
connection with Fig. 5. In addition, line D 108 is forced to ground (OV)
at tinme twoAw7Hke t 3, P-sense anplifier 360 is enabl edramdishs/mss7D
remains at OV and is read as logic LOWand line D is nmaintained at
approximately Vdd. At tinme t4, rowine 122 voltage is increased from
approximately 2.25 to approximately Vdd. As descri bed above, although this
is not necessary to re-wite a |low resistance |level in the progranmabl e

o0 TR W Do ST o bR S0 0
Lt SRR O gy ASSRE R AR 0oy R

exanpl erowkifel PERAMhERIRG Efedt Y theliflstad&DofigRGhEReg; tdll TxmMnection with
Figs. 1-7 may be part of random access nenory (RAM" 808 which may be

constructed as a plug-in nodule containing one or nore nenory devices

havi ng t hd 008RAMV §¥hilectheripveisiney hisdtensissaibediihalepribioesnaectiers withgyrsfesreds00
be a co ter tem or any.othe rocessor te The, t.em 800
| e e oNBRE S KA LBt HEe, it iR PGB R toc Thar IAS it RUSHEs B4hat
i gat: i j - Ari -@%ﬂ i ﬁ@gj M 808 over
;ort;’runsj " g%&alty%g%&g}gg%ggggﬁ%ﬂ%%? %%{%euré%% rra@&})ae/ﬁla%sélrol es otf%Abuses and

bri dgesio teyanyusadbenofvaph a6 88 S0erbiasebubystueidns by tagﬁ@ﬁleﬁpmm;cﬁmm
purposes only, the bus 820 has been WO 03/071549 PCT/ US03/03674 15
i 1 | ust r apeHemgtofarsdesgtibedhuzit vrich apucoroepsurate with thiespiveaie seppe afshéet or)

ﬁ?ﬁl’er :? ﬁw%%éeaa?%é%?%nﬁ%ﬁ%% b e e dnen P BRI D
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CPU 802thdsBelekdribedherein can be used to achieve the same results. In addition, although the

invention has been described in connection with n-type and p-type CMOS transistors, it
should be readily apparent that complementary CMOS transistors can be used instead.
Furthermore, although the invention has been described in connection with a specific
polarity for the memory cell 120, that polarity may be reversed resulting in different voltage
levels being applied to the transistor 114, cell plate 118, digit line D 108 and digit
complement line D* 106. Accordingly, the invention is not limited by the foregoing

description or drawings, but is only limited by the scope of the appended claims.



system coul d al so be configured as a parallel processor nmachine for
performng parallel processing. As known in the art, parallel processor
machi nes wan3beised assi fied as single instruction/multipl@Caatsas/¢srdD),
meani ng all processors execute the salffe instructions at the sane tinme, or
mul tiple instruction/nmultiple data (M MD), neaning each processor executes
different instructions. [0050] The present invention provides a PCRAM cel |
120 and a nmethod for reading the contents of the nmenory cell 120. The
menory cell 120 consists of a programmable conductor nenory el enent 116 in
series with a ngfttis Leiipal of an access transistor 114. The other side
of the programmabl e conductor menory el enent 116 is coupled to a cell

plate 118 that ey SXhGADFALIAPa Gl dl ke bY o BoRhRURAITBOA G EONEALAT

menory el enents secon erm nal L ransi st or

coupled to a colu line 108 kch can be the desired digit line (D). The
gat e ofacfﬁénfer[gﬂ@’in;si‘f[wmif%c %Ctl\é\(g%ﬁ?rggrl?%gt he rowmine 122 of the menory
cell 120. A first, predeteym ned volt otential. (e q. dd) _is i ed
to digit line B r%ﬂ%laé{‘gléﬂﬁéﬂ‘gé Cﬁgigfgnﬁpf Cr%*]m%cfggao?re ﬁteala%ggﬁoﬁta grmry

array 165. A second predeterm ned voltage potential is applied to the cell
pl ate T8 WwWhen the rowine 122 for a desired nenory cell 120 is fired
with a third predeterm ned voltage potential (e.qg,,,approximtely. 2.25V),
the access trafSH@IHE APAUCES LaAsREY CBHPQ?HC}’CE\S’H%%'&?@ c@ﬁgepnaiaﬁfitsaldl c"é‘é {98
di scharges for a predeternmined tinme period (e.g., 15-30ns) at which tine,
line DPPhB2 s5ad Yalfee op saidelapentedbar ed with each other, with sense
amplifier 102, in order to determne whether the progranmmuabl e conduct or

el ement 116 cospaipasing the ypltage onerid digit Brawid 3 wlige omwaiddigyrsprerlemendo
being read is then prepared for a next cycle by precharging both Iine D
108 andling teeddderming a lagicakdtatead saidecl¢roont. ne 122 voltage, up to
approximately Vdd so that the high resistance level may be rewitten to the
menory cell WO 03/071549 PCT/ US03/ 03674 16

2. The method of claim 1, wherein said act of precharging comprises

precharging said digit line and said digit complement line to approximately Vdd.

3. The method of claim 1, wherein said act of precharging comprises receiving a
precharge control signal at a precharge circuit and coupling said digit line and said digit

complement line to approximately Vdd.

4. The method of claim 1, wherein said act of precharging further comprises

equilibrating said voltage on said digit line and said voltage on said digit complement line.

5. The method of claim 1, wherein said act of activating comprises firing a

rowline coupled to a gate of said access transistor.



120 if the nmenory cell did in fact have a high resistance level. If the
menory cell 120 had a | ow resistance |level, then raising the voltage

pot ent i alwomB/ovismes D 108 and D* 106 and the row ine 122 Pairtusodesses no
effect on the resistance of the nenord cell 120. [0051] Wi le the invention

has been described in detail in connection with preferred enbodinents
known at the tine, it should be readily understood that the invention is
not limted to the disclosed enbodi ments. Rather, the invention can be

nodi fied to incorporate any nunber of variations, alterations,

substitut i ons of. SAULNALSHLrALIANIRTRAL SonhokiralelAlARE sdRSelEReln !

whi ch are commensurate wt e spirit and sco I nventTon. For

exanpl e,;. 0, i i : | i tion with
speci fi glg\?/éo%a%glegecgﬁtél?ﬂﬁgagﬁgaﬁgﬁﬁgﬁ Creg%fg?qs%ﬁ%g%g?ije%t é Egl%c vol tage | evel s
very different than those described herein can be used to achieve the sane

results. In addition, although the 1invention has been described in,
connection wth ns{ype an - e transistors, it. shoyld be readily
appar ent that ?onﬁ‘ér’i’%ﬁgaf?é\%% G PUIEFILS sacigﬁdﬁghﬁggﬁ @ﬁ%’tcéﬁar.npmes

Furt hernore, althou t he invention has been descyibed in connection wiith a
Speci 11 scipie st Tlreeios ko) T om0 ol rRe S AR 584 60 g
resulting in di,ffer%nt vol tage, ,.l.evel s being applied to the transistor 114,
cel | pl Brdeepminggd yplfage; @@&%ﬂﬁﬂévﬂ’i&@g?' conpl enent |ine D* 106.
Accordingly, the invention is not Iimted by the foregoing description or
drawi ngs, but is only Iimted by the scope of the appended clains. WO

03/ 071549 PCT/ US03/ 03674 17 What_is clained is: 1. A method of sensing a
stored val ue of8-aThesesthartwsickhinohatharep spighneshiiona veliaggis dyeodagassist | t he
met hod conprising: precharging a digit |ine and a di_git conpl enent line to
a pr edetapanitieg besweeysid digiehine and a rowline coupled to said access transistor.

9. The method of claim 1 further comprising reading a low resistance level at

said element.

|

10.The method of claim 9 further comprising rewriting said low resistance level

into said element.

11. The method of claim 1 further comprising reading a high resistance level at

said element.

12.The method of claim 1 further comprising applying a voltage to a second
terminal of said memory element, said voltage being between Ov and said predetermined

voltage.



activating an access transistor coupled between said el enent and said digit
line to apply a read voltage to said el enent; and conparing the voltage on
said digiwolmoeisweth a voltage on said digit conplenent IPCR@SvdoHRLt er m ne
a logical state of said elenent. 2. TWe nethod of claim1l, wherein said act
of precharging conprises precharging said digit line and said digit
conplenent line to approximately Vdd. 3. The nethod of claim1l, wherein
said act of precharging conprises receiving a precharge control signal at
a precharge circuit and coupling said digit line and said digit conplenent
line to approxi{mt ey . 0 i in.sai

pr echar gi ng furﬁﬂ%%l}é%%dséfsdmglqw % %ab&é%ldéﬂaég y!\%é@%ﬁnicgiagp @E{g% fhd

l'i ne and ald vol t on_said. t n met hod of claim
1, wher €’ &8ar%a? 8%1?8%1;6 Q% (R C?%%O%%ﬁpg?lggg%ﬁﬂ%lcgwrfdc Ele coupled to a
gate of sald access tran5|stor. WO 03/ 071549 PCT/ US03/ 03674 18 6. The

nmet hod of clain11 further conprising discharging said voltage on said

digit line for rede er ned eriod of tine before s act , of, conpari ng.
7. The met hod o d %%ﬁrﬂlc% ugpr H}C&‘:‘?fé{rcﬁﬁn‘glcf[ﬂ? g conpri ses
di schargi ng said voltage on sald digit line froma vol tage val ue

appr oxi MBIy N€¢qual to said predetermned voltage plus an additional
voltage. 8. The nmethod of claimy7, where ai d additional voltage is, due
to parasitic caﬁé@gaﬂéga%%éé?ﬂ@léﬁdoéﬁad] gell, jtoy ahy §lﬁtwmmogaaﬁv5@aeto
sai d access transistor. 9. The nmethod of claim1 further conprising reading
a | ow r elsmenied saidesedllis gpupded doet epederomingdsvaleRiod of claim 9 furt her

conprising rewiting said | ow resistance |eve
charging a first terminal of an access transistor of said cell and a reference

conductor to a second predetermined voltage, wherein said first terminal is coupled to a
column line of said cell, wherein a second terminal of said transistor is coupled to a second
portion of said resistive element, and wherein said first terminal and said reference
conductor are coupled to respective inputs of a comparator;

charging a gate of said access transistor to a third predetermined voltage in order
to read said cell, wherein said gate is coupled to a rowline of said cell;

discharging said first terminal from said second predetermined voltage through
the resistive element; and

comparing a voltage at said first terminal with said second predetermined voltage
a predetermined period of time after said act of discharging begins in order to determine a

logical state of said cell.

15.The method of claim 14, wherein said second predetermined voltage is

greater than said first predetermined voltage.



into said element. 11. The nethod of claim1 further conprising reading a
hi gh resi stance |level at said elenent. 12. The nmethod of claim 1l further
conpri si Nyoapprypieng a voltage to a second term nal of saPdTrEs®03s7£] enent,
said voltage being between Ov and sai¥® predeterm ned voltage. WO 03/ 071549
PCT/ US03/ 03674 19 13. The nethod of claim 12, wherein said act of applying
conprises applying said voltage to a cell plate ties to said second
termnal of said nenory elenment. 14. A nethod for reading a sem conductor
menory cell, the method conprising: setting a voltage of a cell plate of
said cell, to Wy cfy,anfiiSd PR 9q hefid €34 St (‘ffedisc%la%lﬁgrcoﬁl maid cell is
coupled, to a first predetermned voltage; charging a f1rst termnal of an
access I st ofr. i.d.cal : s O
or cdet e liPAE ot Btub o AR B GRS Bach R BT SR
line of ;said.cell ., wherein a second termn of i.d.tr ' {.8..C | ed
to'a selBmtsagStong PiEieitpiheRSoRaEs v iR ReaS R MRN8 Koyl BA
term nal and. said reference onggctgr @re @ggpled to respective inputs of
TS AT R

a conpaf BEGPHCERBIGIAGT 3G9 E % \n ransistor to a third
predeterm ned voltage in order to read said cell, wherein said gate is
coupled to a rowine of said cell; discharging said first termnal from

sai d second predeterm ned yoltage through the .resjstive elenent; and

conparing a vol]?ig;@heame%%ohlﬁ%’% 1%21{1%&%%@%‘{1‘?*11%& #giRg sHd tg’ﬁ@det er m ned
| t det i ned iod of . ti ft id act of dischargi

\éggi ﬁgepﬁ:a %g}igchxrféjné]ggr%})qi{é{f% su%cicnltr{g r?wri&r s.aiS {'esis?a(r:lcc ?cvcl ‘closs%ic{le rrngelmrl)%y

cell after said memory cell has been read.

18. The method of claim 17, wherein said act of changing comprises increasing

said third predetermined voltage to said second predetermined voltage.

19. The method of claim 18, wherein said act of increasing comprises increasing

said third predetermined voltage level to approximately Vdd.

20. The method of claim 17 further comprising rewriting said high resistance

level to said memory cell.

21. The method of claim 14, wherein said act of setting comprises setting said

voltage of said cell plate to approximately Vdd.

22. The method of claim 21, wherein said act of setting comprises setting said

voltage of said cell plate to approximately Vdd/2.



| ogi cal state of said cell. 15. The nethod of claim 14, wherein said second
predeterm ned voltage is greater than said first predeterm ned voltage. WO
03/ 071549WB@3HUS@B/ 03674 20 16. The nethod of claim 14, wogrEsosoma d act
of discharging conprises dischargin@isaid first termnal froma fourth
predeterm ned voltage that is slightly different fromsaid second
predeterm ned voltage, said fourth predeterm ned voltage resulting from a
parasitic capacitance associated with said colum line. 17. The net hod of
claim14 further conprising changing said third predeterm ned voltage to a

llevel sufficients tohd MidEoS@kith 125WAERNCRId SMEIf &Qrgiﬁ%gﬂiﬁrf@frﬁinal:gf '
after said nenory cell has been read. 18. The nmethod of claim 17, wherein

sai d ?‘CEraHJistSP@&Qgﬂges%ﬁ}gﬂl%@aﬁdiﬂ?&rt@ﬁﬁfnﬁgaﬁc%ﬂd bt cPLes@lghMged vol tage
to said second predetermmned voltage. 19. The nethod of claim 18, wherein

sai d acf .x;l'n[gﬁgl yNg conprises increasing said third predeterm ned

vol t age If[m)e to9§§%d;oxi mately vdd. 20. The nethod of claim 17 further
conprising rewiting said high resistance |level to said nenory cell. 21.
The met hod of claim 14, wherein said act of setting conprises setting said

21, nerein-saii ot B b RAMAR B e gl OB
[ vad/ 2. WO 03/071549 PCT/ USO03/ 0367 21 23. T
et hod GHCET RIS iharaldh LRHRAT e o FRaEnb i, T

value that would enable said cell to be programmed.

25.The method of claim 24, wherein said act of charging said gate comprises

charging said gate to a voltage level between said first and second predetermined voltages.

26. The method of claim 16, wherein said act of discharging said first terminal
comprises discharging said first terminal from approximately Vdd plus an additional

voltage.

27. The method of claim 26, wherein said act of discharging said first terminal

comprises discharging said first terminal from approximately Vdd plus approximately 0.1V.

28. The method of claim 14, wherein said act of comparing comprises
comparing said voltage at said first terminal with said second predetermined voltage

approximately 15-30ns after said act of discharging has begun.

29. The method of claim 14 further comprising determining said memory cell

has a logic HIGH state.



transi stor conprises charging said first termnal and said reference
conductor to approximtely vdd. 24. The nethod of claim 14, wherein said
act of chwogBngisaw gate conprises charging said gate to aPealuses/sisifici ent
for reading said resistive element, b2t |ess than a value that would
enable said cell to be programmed. 25. The nethod of claim 24, wherein said
act of charging said gate conprises charging said gate to a voltage |eve
bet ween said first and second predeterm ned voltages. 26. The net hod of
claim 16, wherein said act of discharging said first termnal conprises

di scharging said first termnal from approxi mately Vdd plus an additional
vol tage. 27. The nethod of claim 26, wherein said act of discharging said
first term nal 0 i | Schangi ' i ] :

approxi mat el y vgg'p Séﬁggﬁg%xi%a?§}£g%ﬁ*ﬁﬁ&°53§§$¥%g&%§?ﬁ%%é%@32?%ﬁﬁﬁﬁﬁﬁu
wherein I it aring conprises conparing said voltage at said
first tgﬁgﬁg%$£&%?ﬁ7%%¥g second predeterm ned vol tage approximately
15-30ns after said act of discharging has begun. 29. The nethod of claim 14
further conprising determning said nmenory cell has a logic HHGH state. WD
03/ 071549 PCT/ U03/,036744 , 22 30. The nethod of. cl aim 14 further conprjsing
deter mi ni ng sai dimehbEpiosb i s ASiaIEn 2beif aaeripablf chaihgP idom
sensing a stored val.ue, of a B ranmabl e conduct or random assess nenory

cell, t RSHEPRBPESHES Prgh égggﬁﬁpﬁﬁﬁg a digit line coupled to a first

term nal of an access.transi.stor of .said cell to i rst predeterm ned
VO| t age. precﬁargmg a g_lglt flIlC couplec? to a ﬁrst termmafl ogan acces% trans}stor ofnsald

cell to a first predetermined voltage;
charging a cell plate of said cell to a second predetermined voltage, said second
predetermined voltage being a value between 0V and said first predetermined voltage; and
applying a third predetermined voltage to a rowline coupled to a gate of said
access transistor such that a resulting voltage across said programmable conductor memory

cell is sufficient to read a logical state of said cell, but insufficient to program said cell.

32. A method for sensing a stored value of a programmable conductor random
access memory cell, the method comprising:

precharging a digit line to a reference voltage value, said digit line being coupled
to a first terminal of an access transistor of said cell;

charging a cell plate of said cell to a first predetermined voltage, said first
predetermined voltage being a value between 0V and said reference voltage value;

firing a rowline of said memory cell by applying a second predetermined voltage,
said second predetermined voltage being sufficient to read said memory cell, but

insufficient to program said memory cell; and



charging a cell plate of said cell to a second predeterm ned vol tage, said
second predeterm ned voltage being a val ue between OV and said first

pr edet er woad/oviskt age; and applying a third predeterm ne@dCraiSozgs74 0 a
row i ne coupled to a gate of said acc®ss transistor such that a resulting
vol tage across sai d programrabl e conductor nenory «cell is, sufficient to
read a logical state of said cell, but insufficient to programsaid cell.
32. A nethod for sensing a stored val ue of a programmbl e conduct or random
access nmenory cell, the nmethod conprising: precharging a digit line to a

reference vol t aggnyaidiea voRAEE Rh@lak sdidl AeiPRAOGIBAUR] REreb @ Folfal $ ot & rbnal
of an access transistor of said cell; charging a cell plate of "sard cell to

a first i L. fiqst redet erm ned vol t age being a
drafe%f%&ﬁ%{\/ mg«gﬂ sl begdsd A yfdefist P g g

val ue between sald reference’voltage value; firing a rowine of said
menory cell by applying a second predeterm ned voltage, said second
predeterm ned vol tage being sufficient to read said nenory cell, but

insufficient to,pr i ] : and WD.03/071549 PCT/ US03/ 03674
23 conparing a %§|?%%@ﬂ%éﬁgﬂgﬁﬁggﬁﬁwﬁ?gF?MF}ﬁgnaﬁ§ﬁg3aid reference voltage

in order to determipne a |logical state of. said nenory cell. 33. A
sem conduct or n%ﬁ%?@m%i?ﬂ%%3#39%8H8§P§P38P6>a digit line and a digit
conplenent line; .a cifrcuit .for. precharging sgid digit line and.said digit
conpl ement | i ne® WL %@éﬁfé}%‘ﬁg r?%@ 58&111& énaélﬂﬁleélg iCBWI}rf‘?}nSmr foa
operation;,an access, transi stor forg%ﬁﬂgéing a programraebl e conduct or

i

merory BFEETURET Veliags Wiy priey fea ¥ 9%ead operation; and a sense

anplifier for conparing voltages on said digit |line and said digit
an access transistor for coupling a programmable conductor memory element to

said digit line during a read operation; and
a sense amplifier for comparing voltages on said digit line and said digit
complement line during said read operation to determine a logical state of said memory

element.

34. The structure of claim 33, wherein said predetermined voltage is

approximately Vdd.

35. The structure of claim 33, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

36. The structure of claim 35, wherein said chalcogenide glass has a Ge, Se and

Ag composition.

37. The structure of claim 33 further comprising a variable parasitic capacitance

between said digit line and a rowline of said memory structure, said variable parasitic



conplenment line during said read operation to determne a | ogical state of
said nenory elenent. 34. The structure of claim33, wherein said

pr edet er ivoed/ovislt age is approximately Vdd. 35. The stru®Cmuso»636c4 ai m 33,
wherein said programmbl e conductor n¥®nory el enent conprises a

chal cogeni de gl ass having first and second el ectrodes. 36. The structure of
claim 35, wherein said chal cogenide glass has a Ge, Se and Ag conposition.
37. The structure of claim33 further conprising a variable parasitic
capaci tance between said digit line and a rowine of said nenory

Struct Ule@pack@hét ¥RGILR1 831 dfld iR Ll 981 C%GF é&é‘f@ﬁé}%@% saad

capacrtance causing said difgit line to be charged to a voltage |evel higher

t han salrpqedqu Egr, t L\(lqll1 Qﬂﬁrgiéf%rlﬁ"@at%@ﬁd read operation. 38. The

structure of c ere n sal it conplenment line is associated
with a nmenory array drfferent froma nmenory array with which said nmenory
cell is associated. 39. The structure of clain133 further conprising an

equilibrate ci rgg.gpfk;e%émcr egefcpﬁrﬁtgg'gvhe gildqa%ltlclxr@@ and Al d§ gés Iﬁ]ér%iry

conpl ement |ine sai St 6r'm ned vo

duct I | i
Fou i ne g %arrr”&%ra?r@rrﬁcﬁ%f%ﬁ%?@oﬁga %crr”c‘?&"“éwﬁjggﬂw& 74 r%%gi’o?‘r’gf nal " of
sai d pro%%%gya | e conductor nenory el enent;

39. The structure of claim 33 further comprising an equilibrate circuit for

equilibrating said digit line and said digit complement line to said predetermined voltage.

40. A semiconductor memory comprising:

a programmable conductor memory element;

a column line;

a rowline;

a conductor for applying a first voltage to a first terminal of said programmable
conductor memory element;

a transistor for selectively coupling said column line to another terminal of said
programmable conductor memory element in response to a gate voltage applied to said
rowline;

a sense amplifier coupled to said column line and a reference conductor; and

a precharge circuit for precharging said éolumn line and reference conductor to a

predetermined voltage prior to application of a gate voltage to said rowline,



a transistor for selectively coupling said colum |ine to another term nal
of said programmabl e conductor nenory elenent in response to a gate
vol t age awplodedisto said rowine; a sense anplifier coupl @dTtuso¥eded+ col um
line and a reference conductor; and a&S3precharge circuit for precharging
said colum |ine and reference conductor to a predeterm ned voltage prior
to application of a gate voltage to said rowine, WO 03/071549

PCT/ US03/ 03674 25 said sense anplifier conparing a voltage on said col um
line and reference line to determ ne a resistance value of said

programmabl e co AR gg@% L g ' | .ed
to said row i ne?ﬂ%‘%rﬁ‘%’he rre%??lngf C g?%tﬁ%e, é@\/lrslggeci% %hgralt;ﬁ%lg%iﬂragffe\%%ﬁg gllél'g IS

a vol t agg RELWRED 2 Rbist VARRY %iaﬂpﬁr% Yallyﬁjl‘JbleA&)ndﬁbf‘orqﬁémf)éreggrgghﬁmrﬁsgid

wherein said programmbl e conduct or nory el enent conpri

chalcoggﬂhﬂﬁgg%%2§§§?yHg%é%kfﬁ%ﬂﬂgd second el ectrodes. 43. The nenory of

claim4z, cogeni de glass has a Ge, Se and Ag conposition.
44. The nmenory of claim40, wherein said gate voltage is sufficient to read
said nenory elenent but insufficient to program said nenory el ement. 45.

Th f i 40 furth : i s{ng. i_abl Pt it
ascootated wi thEbuCBPRR Pl Ha B Bros s B labtioa allske BERfkes 0V

causing said col.um,|l| to be charged to a voltage | evel higher than said
predet e ﬁ@anwpﬁgﬁ%bgﬁpplied by said precharge circuit in response to
said gate voltage being applied to said rowine. 46. The nenory of claim
45, wherein said variable parasitic capacitance causes said colum line to

be charged to agfr%xinately 0.1V hi gher than said predeterm ned
. 'The memory of claim 40, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

43. The memory of claim 42, wherein said chalcogenide glass has a Ge, Se and

Ag composition.

44. The memory of claim 40, wherein said gate voltage is sufficient to read said

memory element but insufficient to program said memory element.

45. The memory of claim 40 further comprising a variable parasitic capacitance
associated with said column line, said variable parasitic capacitance causing said column line
to be charged to a voltage level higher than said predetermined voltage supplied by said

precharge circuit in response to said gate voltage being applied to said rowline.

46. The memory of claim 45, wherein said variable parasitic capacitance causes
said column line to be charged to approximately 0.1V higher than said predetermined

voltage supplied by said precharge circuit.



vol tage supplied by said precharge circuit. W 03/071549 PCT/US03/03674 26
47. The nmenory of claim 40, wherein said sense anplifier conprises: an
N-sense awplospieng and a P-sense anplifier coupled to sai @CHSeses74
anplifier, wherein said N-sense anpli6fier and said P-sense anplifier
conpare voltage values at said colum line and said reference conductor.
48. The nenory of claim 40, wherein said reference conductor is associated
with a nenory array different froma nenory array with which said nenory
element is associated. 49. The nenory of claim40 further conprising a
dummy rowl i ne associated wth said reference conductor, said dummy rowine
nornmally being fired to a dummy row ine voltage and when said gate voltage

s applied to sg7dTRuhldiEry SAUSMIMOTYLERM L8 cdsE aRRALL VaBHUC ¢ hal

sai d predeterm ned voltage ‘at said reference condu ecreases due to

parasitic CapaC&iFﬁ&ﬁw@Eg@hﬁ&?ﬂHH | ine associated with said dummy row i ne.

50. A processor system r’sing: a processor; and a sem conductor
p y nmp g p
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reféfence conductor.

48. The memory of claim 40, wherein said reference conductor is associated

with a memory array different from a memory array with which said memory element is

associated.

49. The memory of claim 40 further comprising a dummy rowline associated
with said reference conductor, said dummy rowline normally being fired to a dummy
rowline voltage and when said gate voltage is applied to said rowline, said dummy rowline
is deactivated such that said predetermined voltage at said reference conductor decreases

due to parasitic capacitance at a column line associated with said dummy rowline.

50. A processor system, comprising:
a processor; and
a semiconductor memory structure coupled to said processor, said
semiconductor memory structure comprising;
a digit line and a digit complement line;
a circuit for precharging said digit line and said digit complement line to a

predetermined voltage value prior to a read operation;



an access transistor for coupling a programuabl e conductor nenory el enent
to said digit line during a read operation; and a sense anplifier for
conpar i ngwoeBhages on said digit line and said digit conmpCensnyodersne
during said read operation to determ2fe a | ogical state of said nenory

el enent. 51. The system of claim50, wherein said predeterm ned voltage is
approxi mately vVdd. 52. The system of claim50, wherein said programabl e
conductor nenory el enent conprises a chal cogenide glass having first and
second el ectrodes. 53. The system of claim52, wherein said chal cogenide

glass has a Ge, S@naReGranSiHR IS éd@hng%logpﬁnﬂﬁfeed@n‘ahc@r%éﬁlégf dinERer
conprising a variable paraS|t|c capaci tance “between said digit li'ne and a

row i ne of sgjdy gﬁﬁgﬁmngqj bedd Rk FARIE aP@r asi ti ¢ capacitance causing
said digit linet e cha#&g C ﬁ? tagémﬁevel hi gher than said

predeterm ned  voltage dip ﬁ&fﬁﬁtgmh%?%@ ommé%ﬁﬁﬁl% VSRR ¢l alm

50 wherein said dlglt cow enent C|ate a fenory-array
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processor; a@g ql canduct or menory coupled to sald processor, said
emo cm 1‘1
sem conduct or ri sing: a progranmmabl e conductor nenory el enent;

51. The system of claim 50, wherein said predetermined voltage is

approximately Vdd.

52. The system of claim 50, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

53. The system of claim 52, wherein said chalcogenide glass has a Ge, Se and Ag

composition.

54. The system of claim 50 further comprising a variable parasitic capacitance
between said digit line and a rowline of said memory cell, said variable parasitic capacitance
causing said digit line to be charged to a voltage level higher than said predetermined

voltage during said read operation.

55. The system of claim 50 wherein said digit complement line is associated
with a memory array different from a memory array with which said memory cell is

associated.



a colum line; arowine; a conductor for applying a first voltage to a
first termnal of said programmble conductor nenory el ement; a transistor
for sel ecwpbwaloyiseoupl ing said colum line to another ternmpPaalusos/o363ai d
programabl e conductor nmenory el enent28in response to a gate voltage applied
to said rowWine; a sense anplifier coupled to said colum |ine and a

ref erence conductor; and a precharge circuit for precharging said colum
line and reference conductor to a predetermined voltage prior to
application of a gate voltage to said rowine, said sense anplifier

conparing a vol £698 988RbMsyeRit BOmbtifiggand reference line to determne a
resi stance val ue of "said programmabl e cgnductor menory el enment after said

gate vol tage is, gRREésBE 4y sai d rowine.
a semiconductor memory coupled to said processor, said semiconductor memory
comprising:

a programmable conductor memory element;

a column line;

a rowline;

a conductor for applying a first voltage to a first terminal of said
programmable conductor memory element;

a transistor for selectively coupling said column line to another terminal of
said programmable conductor memory element in response to a gate voltage applied to
said rowline;

a sense amplifier coupled to said column line and a reference conductor; and

a precharge circuit for precharging said column line and reference conductor
to a predetermined voltage prior to application of a gate voltage to said rowline,

said sense amplifier comparing a voltage on said column line and reference
line to determine a resistance value of said programmable conductor memory element

after said gate voltage is applied to said rowline.



