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MEMORY AND METHOD FOR SENSI NG SAVE BACKGROUND OF THE I NVENTION 1. Field
of the Invention: [0001] The present invention relates to integrated nenory
circuits. More specifically, it reflates to a nmethod for sehduggst2A@d
content of a programrabl e conductor random access nmenory (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 achieved thr | em conduct or fabrication
technol ogy and circuit design mﬁ%w{) mendous advances in these
two technol o migb}gﬁ SNSEFCPOR RARTSOM fMEMD :
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as well as increased procepETEROD FOIOSENSIINRASANRBOry cell typically
conprises, as basic conponents, an access transistor (switch) 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
a logic HGH (e.g., binary "1"), and a stored charge of the opposite

polarity represents a |agj &L e hina ) he basic drawback of
a DRAM i s that the char ged&# ta N OB THE IBNVENTION 006 eventual |y

| eaks away and therefore provisions nust be nade to "refresh” the capacitor
charge or else the data bit stored by the nmenory cell is lost. [0004] The

menory C(E%I_I oftg onventi onal SRAM on the other hand, conprises, as basic
corrpon@n icld of the lavcationansi stor or transistors and a menory elenent in the

f or m of

[0001] The present invention relates to integrated memory ¢ircuits. 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 yicld.

[0003] A DRAM memory cell typically comprises, as basic componeats, 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
(¢.g., binary “1”), and a stored charge of the opposite polarity represents a logic LOW
(¢.g., binary “0”). The basic drawback of a DRAM is that the charge on the capacitor



two or nore integrated circuit devices interconnected to finction as a

bi stable latch. An exanple of such a bistable latch is cross-coupl ed
inverters. Bistable latchcs do not need to be "refreshed,” as in b‘? case
of DRAM nenory cells, and will reliably2store a data bit inaueyst 2 qey

|l ong as they continue to receive supply voltage. [0005] Efforts continue to
i dentify other forns of non-volatile or sem-volatile nenory el enents.
Recent studi es have focused on resistive materials that can be prograrmed

to exhibit either high or |ow stable ohm c states. ) O
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pr ogr ammabl e conduct or menory el ement such as-one formed of the

chal cogenddinitilyas bngiashey bentimboterdcsive Iaapplytvoinaggl cally includes
chal cogeni de gl ass which can be doped with netal ions and a cat hode and _
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el ement fornmed of a doped
element of such material could be programmed (set) to a high resistive state to store, for

j 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 retricved 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 dcvisgd. For
example, chalcbgcnidc glasses which have switchable resistive states have been investigated
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 clement such as one formed of the chalcogcnidc 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
causcs a stable low resistance path to occur in the glass. Thus, stable low and high

resistance states can be used to store binary data.



chal cogende gl ass material. typically has a stable high resistance state

whi ch may be programmed to a | ow resistance state by applying a voltage
across the nmenory clenent. To restore the nenory cell to a high resistive
state, typically one needs to program Bhe cell with a negat AygustdP0% nyerse
vol tage which is equal to or greater that the voltage used to programthe
menory clenment to the |low resistance state. One partlcularly prom si ng
programmabl e conduct or chal cogeni de gl ass has a : Sc glass conposition and
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voltage after the cell is sensed. 4 2 August 500
nondestructively sense data stored in the memory elements of the array.

SUMMARY OF THE INVENTION

[0009] A sense eircuit f’or 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 cofplement reference line are precharged to a first
predetermined voltage. The cell being scnsed has the precharged voltage discharged
through the resistance of the programmable conductor memory element of the PCRAM
<cll. A comparison is made of the voltage read at the digit line and at the reference
conductor. If the voltage at the digit linc is greater than the reference voltage, the cell is
read as a hfgh resistance value (e.g., logic HIGH); however, if the voltage measured at the
digit linc 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The foregoi ng and ot her advant ages .
and features of the invention will becone nore apparent fromthe detail ed
description of preferred enbodi ments of the invention gi ven bel ow with
reference to the acconpanyi ng draw ngs 4m wi nch: [0011) Fig. A“H%?SPQ% t wo
menory arrays each enploying a plurality of PCRAM nenory cells, in
accordance with an exenpl ary enbodi nent of the invention; [00121 Figs. 2(a)
- 2(d) each depict a PCRAM nenory cell of Fig. 1; [0013] Fig. 3 depicts an
N-sense anplifier as used in the Fi g. 0014] Fig. 4
depicts a P-scnsc anpl i fiBIEEE DRI A L DedVLINGRY 5y [ 0015]
Fig. 5 depicts a flowchart descrl bi ng an operatlonal flow I n accordance -
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oo SRR TR RORrRY o orhFad BUERS 3B fIOASlog o minfiERol 2,
i n accongdabme b %cﬂxeﬂﬁur&eénpﬁodaegthaQBodﬁﬁ&Hbfﬁkg 7

depicts a timng difagram for a reading of 'l ow resistance in a sensed

menory d@ddntionngisar beldanwithwiefdiemoe xhenkesmpaniing ideswingoin whichi nvent i on;
and [0018] Fig. 8 depicts a block diagram of a proccssor- based system

cont ai ni ng rrerm y, I n accordance with an xerrpl ar

the i nvent chA PIESSEYS Paqnepry (%%(SJ{’ES& The
pr esent desc | bed. as mbodi nment s
descri be B}évﬁmhmc%:ﬁﬂ \59%"’5‘5% 19[380%@03%53@%'@ § may be

real i zed and ot her changes may be made to the disclosed enbodi nents w t hout
departing [(0I@Y t MFgs@(a)t 20d) &ARRpR: alICRAME $edthoty MlBf Kig. 1.5 2 August
2006 [00201 In accordance with an exenplary enbodi nent of he i nvention, a
pair of memory arrays are coupled to a respective plurality of sense

anpl i fiers[G&le FKigh3depints/an M-sense amplifideaspsedfinthe Fig.al memasy array;

programmabl e conductor nenory cells. In order to read

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

[0015] Fig. 5 depicts a flowchart dcscribing 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 scnsed

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.

DET. D DESCRIPTION OF PREFERRED DIMENTS

[0019] The present invention will be described as set forth in exemplary
cmbodiments 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.



a logical state of a given nenory cell, an appropriate voltage difference
must be placed across the programmabl e conductor nenory el ement. The
voltage difference nust be sufficient to enable a read operation _of the
progranmabl e conductor memory el ement, Sout insufficient to® AHERIEWhe

el ement to be programmed (or witten to). Once die appropriate voltage
difference exists across the nenory elenent, a digit (bit) line voltage
value is discharged through die nmenmory cell and through the progranmabl e

conduct or | enent,. A predeterm ped period of tine, affer the
di schar gi ngsgggins, acqasdaee; apgcwaﬁ-éxcm%adan ABYSOtoR: 2 pa i at ed
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the reference line, then a high reSistive state is detected and the
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t han t he volttgge at the refergﬂce line 106, th alowresjstive state is
det ect ePERY HF Sroggmmably copductop memaery clomente "eﬁeléagc\fg‘&lﬁ'é’@éc Pus§Bpp| i ed
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sel ected nenmory cell. Fig. 1 provides Qreater detail of” an exenplary
enbodi neiedtage cﬁﬁgcu eevexists acros§ dE2BEmiry elenediepd digit ¢hbir)dirtei vltagé valupas r  of

menory aprays 100, 165, each havipg, plurality of colums 108, 112, 106,
110 and ﬁ%fz)*?"fﬁ%’? thememory celf 3pd thipmh she srpgrammeble sepdneior srembenums
and ro ) . roqr | ondu r_r.andom _access nenory
(PerAvy SLaPFAE At dbbRiod AR UFTRRL SaEO B P eniBR Sn EEERGRERT R .
from colmide, vid'g sck38 apijflifie® h4sBbiatedRith Qe e I8cABRY Edl, Berwlih (e Rkl Bae
inputs fromcolum line 112 and colum |ITne 110. Each 'sense anplifier 102,

104 is oolaggandd digis complementarefaknayeltgeat dirgferer(deibiy iné.ne (e. g., 108)
of a cell 120 being read with a voltage at a reference line (e.g., 106) in

order to d i n et her the sensed nmemyry._cell 12Q is 6 2 August 2006 -
Féﬁﬁ' r the pre ctcrmincdd timc?&cydigit l{nc voltage is higher the

voltage at the reference line, then a high resistive state is detected and the reference linc 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 rcspﬁéﬁVéIy' 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 cach
intersection of columns and rows there is formed a programmable conductor random
access memory (PCRAM) cell such as memory cell 120. Sensc amplifier 102 receives
inputs from column line 108 and column line 106. Sense amplifier 104 receives inputs
from column linc 112 and column line 110. Each sease amplifier 102, 104 is configured
to compare a voltage at a digit (bit) line (c.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



storing a value of logic HGH or logic LOWN In the Fig. 1 arrangenent~ if
cell 120 is being read, a-voltage at digit line 108 is conpared with a
ref erence voltage on conplenentary digit line 106 by sense anplifier 102.
[0023] Dependi ng upon whi ch side of the& sense anplifier 1022 AYE¥EHi2AL6 t he
menory cell 120 of interest, the digit line 108 or 106 acts as die digit
line Dand the digit linc 106 on the other side acts as the reference
digit line D*. In this exanple, it is assunmed that nenory cell 120 is the

cell being sensed. 7hc colum |ine 108 associated with nenory, qccﬁl |..120 is
ref : xr ecstoring e vahis ofilggic HIEGH or lagic BOWo | lnithe Higel angngemens iqelld 2055 o5

the digigt. . t line D* h f line. h :
prggr:ag'lrkﬁipgg g?@ﬁﬁ&" Iﬁ’gﬁ’(ﬁwll"gi?é is%(?r[ﬁ He S‘ﬁ@’ %#é}gﬁntg?{%@%%ransi st or
114 and RS selBIBLYLRLEIENt 116. On d of th

prog?gmggﬁgﬁ%%?\l%g?hﬁtﬁngﬁgpg Iserrent li% i's coupl ed toeaegellO pl atee 118.

"I'hc other end of the programrmabl e conductor nenory elenment 116 is coupl ed
to a sour cgNO23] n Depemdinglupoh whichsidd ofxheisenseramplifier A5k ¢mtains the syegraxyn
termnal of access transistor_ 114 is _coupled o digjt Line 108. A gate of
t he acocestl VA hatinsersst, taeidigs s 0% ar L0OACkaAthe cligit hne 13 364 Fae gt Ohe
menory cell, 12Q. [0025] Fuygth t he,. D and I nes i o{o]

pre-char%f_?ﬁl@f 88?5%&9‘# %53‘51&[}? rcetrﬁirt@fﬁélr‘@: ﬁﬂcpﬁé E%cﬁr&lﬁhfe{g& ou%l%d that
predet erﬁvgg&gyw 120% aﬁ'&ﬁﬂ&gscnsya!.d)rh X Bk 08 ks%oéiﬂ&la'\ﬂi’h‘)hibrﬂ&?

ne
term nal t:ype conplenentary netal oidde sem conductor (

transi steall 120 isaeftrredabhe the digit (tit) kiic Dt aDsluaimiing 106iis rafenrpd ool at theudigit
"lhe DIine is coupled to one termnal of p-typc CMOS transistor 179 and

anot her Gasnplement fine D% 01 the seferenrs ling. coupl ed to vdd. The gates of both
transistors 177, 179 are coupled together for receiving a precharge

control si When,t he prech e control _si lahy§nalecel ved . b ~

controf <1 9081 OBk DR RIS SRRk Che I 190 RERUH Rk

di gi t - copPhTEA1 14 hﬂ&ag‘ AnfmaHR! GRfutor YAémof Semkntl136. ShAYEndf the

equilibrate circurt 17 r?%r equalizing the voltage on the D and D* digit

| i nes. ASrdograrhimable wmdu&ommmpel&mmdlétm¢mcd>;qa qccﬂqﬂmr]géi Thc; other
end of the programmable conductor memory clement 116 is coui:lcd to a source/dnain
terminal of access transistor 114. Another source/drain terminal of access transistor 114 is
coupled to digit linc 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 arc coupled together for
recciving a precharge control signal. When the precharge control signal is reccived, both
transistors 177, 179 are turned on and both the digit line D and digit—coinplcmcnt line D*
are charged to Vdd. Fig. 1 also shows an equilibrate cu'cmt 176 for cqualmng 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.



signal, the lines are then equilibrated by an equilibrate EQ signal applied.
to transistor 180. 7 2 August 2006 [0026] Turning to Fig. 2(a), a
sinplified schematic di agram of progranmmbl e conductor nenory cell 120 is
depi cted. Using the representative cell? 120 to describe t he? AugyERCPoN,
digit line D 108 is coupled to Vdd during precharge and al so coupled to a
first termnal of access transistor 114. Access transistor 114 is depicted
as n-type CMOS transistor; however, access transistor 114 nay easily be
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other bistablc resistive material that allows for the storage of binary
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1. 14 is, turned on and, conducting and coupl.es the digit line D 108 to the
pr ogr amprogermmablecoaducertnemeieaentent 186. [A30AThtidinel atddveapeogramnoeabdppl i ed
to rowinc 122 dictates what ogeration IS bein performed on di

d ,
pr ogr anRARAECIas MReBeBr clement 1§ 6anshbn made of chalcogenide glass, %@Mrﬁtﬁ@r bisblep

(org. Tesiile ek 40 it for o MomRLSe bl e TR plderpbrbIC cortnfifr,

2. 05V Mifitmbey aeRichfd16Gs Ldipled 36 ell ,?l,a\f@‘lll&%jéﬁ is2lEPY comndIe cSirdhf 18 for a

access transistor 114 is sufficient to tamon transistor 114 since that
cr eat es plunility ef progeammaplet @ntduetoraheniory elraientheThaceld phivel 138 lig debto 4Vt ) |

approxi mately 0.8V, petween the gate and the source/drain term nal coupl ed
P ! olsag! taimal fop providing & pridetermined voitage Jevel (.5, Vild,2) o 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 ¢lement 116.

(0027]  The voltage value applied to rowline 122 dictates what opcratioﬁ is being
chformcd on the programmable conductor memory element 116. For instance, assuming
the D line 108 is tied to Vdd (e.g., 2.5V) and ‘thé.ccﬂ plate is tied to %4 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
(VY), approximately 0.8V, between the gate and the source /drain terminal coupled to the
cell plare 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 programmablc conductor memory clement 116 in order



[00281 While 2.05V applied to the gate of access transistor 114 is
sufficient to turn it on, it is not sufficient for reading fromor witing
to the programmabl e conductor nenory cell 120. In accordance w t[}l sg
exenpl ary embodi nent of the invention, gpproximtely 0-2V ?s”“’lgﬂﬁf P84 to
be across the progranmabl e conductor nmenory clenent 116 in order. 2 August
2006 toread it. Further, in order to wite (e.g., re-programits val ue)
to the programmabl e conductor nenory el enent 116, a mninmumof 0.25V is
required to be across it and the polarity of the 0.25V depends on whet her
a logic F G lee MY ' e {tOval BREeR: gllagﬁgg[{, 116.
[ 0029] Ttuﬂr %ﬁgtt gu#:‘{ﬂg%’q%( b) ,H%Qﬁsﬂﬁ%@gg Pgévgel s and l’th‘ﬁeti r p(%lly’gri ties 1grc ‘
di scussedonductgr arhery diiment 1 ¥Qra minisman of 0125V sreqairad eo bppcmss itednel the
0.2V is required across the- programmabl e conductor menpry_ clenent 116, a

vol t age PPlangpepbsheedVydespends/onsvhethen 2 lagie BIGH arap ichripg sevrgen
di e gate,_of, access transi st 122. The threshold voltage, Vt, is
slesi 190

subt r act ST RHLE nt Ais approximtely 1.45V. The cell plate
being at 1.25V | eaves a voltage drop of 02V across the programuable

conductor mRERYY  FueARB tolHif; 260/ fhd ?&&g’éqm&xﬁ{‘&ﬁﬂgqﬁﬁﬁéﬁ 418 diftfssed in

contents of the el enent "116, "bu Insufficient for witing to the el enent

116, [ 00g@htdridytail (Edr al eqaidodpreretiensirve)appedtingecly AV i reqdirpd laardss thes f or
witing a logic LONback into the programmabl e conductor nenpry _clenent
116. As Dfogramaahiecondycgor memprg slempenick 1, 12 iedtaga,of aprieximatsly 2268481 evel

150, "t nep A 8 g gonting 18 puipled B the B B SRRy Eriie: T3 TG HresnSRL
al SO at IRdgRX WBE Slibieeaded Hbra P25V RAHGIOPAEA kinSiRely 108591 The cell plate

approxi mately’ -1225V I's across di e prodranmmab contact “and the logic LOW

may be beingiat tle26Wbeves 0 voltigredivpogs (2 Wedekess the prsgramniable cyndhaoe nicnidr.
[ 00311 Fig. 2(3&6depicts exenpl ary voltage |evels and polaritjes for
t

wri ti ng demsgr d 1614 wpltagecsufficient fangeysting caerentcatscefitha elasnentehkd, puel ement

116. As il cxl%%t_ grsvcvxr-iltiggclo the element; 1.16,

[0030]  Fig. 2(c) depicts exemplary voltage levels and polarities for writing a logic
LOW back into the programmable conductor mémory cicmcnt ‘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 linc 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 voltngc-lcvcls and polarities for writing a logic
HIGH back into the programmable conductor memory ¢lement 116. As will be described
in greater detail below, when a loéic HIGH level hasb;.cn rcad as bé‘ing-storcd by the
programmabie 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 appro:dmatdy Vdd, thereby placing a
voltage of approximately 1.7V at point A. The 1.7V at point A creates a potential



In greater detail below, when a logic H GH | evel has been read as being
stored by the programmable conductor nenory cell 120, the D line 108 is
boosted to approxinmately Vdd by the sense anplifier 102. Then, the rowine
122 is raised from approximtely 2.2-59 (its voltage | evel 2 duersig0fhe read
operation) to approxi mately VvVdd, thereby placing a voltage of
approximately 1.7V at point A The 1.7V at point A creates a potential 9 2
August 2006 difference of approidmately 0.45V across the programmabl e
conductor,_menory element 116 in order to rewite the logic H GH | evel .

[ 0032] R&@wqg mmnan:lygo 4§V acressshe prograpmable conductpn gemrry clgment

N- sensc |ifjer port anplifier portion. Fig. 3 depicts
t he I\l-sc]rgtggﬁﬂfd 1 i %&ﬁgﬁ’&st term nal of N-sense anplifier
350. receives digit corrplerrent line D (i.e., the colum line in the

Menory arr pyo ey acRNerdity bidk (FRAR! Y, ﬁ{crﬁ)isé Pnﬁ&ﬂlmmﬂﬁ&sm&ell of

[ nterest) and i's also coupled to-a gate of n-type CMOS transistor 305 and a

first tcmmplifidr poftion typde Mcmmﬁcspom@ﬂOFngSamm theNvianaé aniplilesensc
anplifier 350 _receives di glt line D (i.e., the colum_line in the nenory

array t RartieR54. i firstaepninal of N- $Wéﬁ@§!lﬁﬂa%510 Feceies d@be«pmam@tdmgé?e of
t t 0 d { | f t t 305, A dt

of 0 P 392 BT bt 12 e RPRF Rk atRER 5118 sbGRom At SR SenRi S
first tehhddy cAf ofiMeict %&'&Mc@l@raw RO8f b @%O%fn%ﬂsﬁ@éf%mnéﬁo

I's coupl ed to gr ound a a gate o or 310°receives a Fire

control fesgreaninal bénFype CMOS tramdistos 800alA sexond aeinvinal @&Nt-dmsd\hmphﬂa 350
anplifier 350 a predetermined tinme after the desired menory cell rowine

is fir edccca!cs\/dlgat lipe D dbe s thepealuma ling in| the3e¢mpryarray d@pp@@w the sl of

st t arresl o oot 67 B Brsstpis S?@Qen% gﬁ?r?t”se AL aBigon 405

and is [.,ﬁﬁ!,a] 6%)&
term naIEA iéfEOﬁaEtteype Wgﬁg???%ﬁf? econ t er m @g{& éfto
anmpl i f i erfirSsétrmtediof EMOY trandistoe 310. a’ﬂﬁbcbﬁd&hﬁﬁuﬂbdﬂ&&ﬁkﬁtﬁr 31044 emqflcd to

transistor 325 and a first termnal of transistor 330. A
ground and a gate of transistor 310 receives a Fire N control signal. The Fire N control

signal is received by the N-sense amplificr 350 a predetermined time after the desired
memory cell rowline is fired, as will b¢ described below.

[0033] Fig. 4 depicts a P-sense amplificr porﬁon 360\*0f a sense amplifier such as
sense amplifier 102, A first terminal of I’fsc_n;s_c_‘ ampl.lﬁcr 360 reccives digit complement
line D* and is also coupled to all gate of p-type CMOS transistor 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
sccond terminal of transistor 325 and a secorld terminal of transistor 330 are coupled to a
first terminal of transistorVSZO. 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



second termnal of transistor 325 and a second term nal of transistor 330

arc coupled to a first_.termnal of transistor 320. A gate of transistor

310 receives a Fire P control signal. The Fire P control signal is

received by the P-sense anplifier 360 a predetermned time 2 #200e Fire

N control signal is received by the N-sense anplifier 350. [00341 Turning

to Fig. 5, a flowhart describing an operational flow of the Figs. I and 2

schematic diagrans is depicted, in accordance with an exenpl ary enbodi nent

of the i nverRicgimed:nj)dpi | ar rocess flow, the follow ng paraneters

of the PCRAM cel | are E%ﬁﬁﬁ%%&éﬁeﬁwamampt@mc glﬁia eto

grow a dendr i"PERPH gleogna dihghyiag: %grhigﬁrermry clenent” 116 sw ¥c‘?-. Of ¢

to a high fe%ifé?ﬂ@ tEta e and thuS write chﬁattand(ﬁhﬂﬁﬁitéﬂ&gi&hibis

the erase current’\ >araaetcirsent isQNrofinddee] tl@?‘h;tq}},ii[tﬂo ram vol t'age

(Wilc a "I" (Wﬁmﬂl”t:féul;&%i c,"0") 1s --b.25V; Yi , 1( t ¢ Prograanvoltage

current is ai)groxi mat el'y CFPA?S’GV‘Y) t)lm-tO.ﬂEV; (i&}?'ttﬁr%ﬂsgnl corres&(%r]di ng to

a logic "0O" Mp@)mm%éggé and (vi) ~ that the resiStacHr 1$ approximately

corresponding to a logic "l 'S %WSPQ@&}IO&I@C tiragp EHM‘@@ gpi .

OMx It sho tﬁymuwntgcm@%ﬁp@%pahtg tive paraneters an b @PHQIVI)

vol t ages agbl\clﬁ%ift nces may be sctec é%ﬁ‘CG %@wa@rﬁiﬂhﬁ&d}ﬁ-ﬂf{&'

IS f scope t Bﬁﬁbﬂrcadﬂya;pﬂ}&g@dﬁghg%gwd 100351 The process 7

begi ns at Pr@qﬁﬁsaﬁ%ent 00 At .segnent 502, ﬁ%B%@!‘ﬁh&d,opt%@eﬁﬂmg@

two lines D and DFi Py Botdleqied for the*P@RAM Ewg;ﬁ‘toi ? colum_lines 10

106 from di Séagreenh theBmRinyiqg r ays 100j, 165-. 1 For pé% sPyrng frem the spiric and

description, we will assuné Vdd is appro)dmately 2. 5,V,, Thc,ccll 'Plate

118 is tied t? | a_Predeterm ned voltage (e-g-, Vvdd/ 2, or approximtely

1-25V) whi ch iL8085] heTha procets bi g@ h is present whenever the nemory is

active, ordmf whi ch can be sw tche k&wm5ﬂperﬁm&m&gmtm ' 6

i || ustrated enbodi ﬁ‘f’?hﬂlheﬂ/ahﬂm*»{wﬁc@ggohlsd urcpf)q on, at Pr.oces’ing ampiiter
an arer i .

segnent , fespective column lines 108,

For purposes of this description, we will

W frdml different Inemory arrays 100,165

(e.g., Vdd = pproximately 2.5 V)
cquilibrate circujt 176



At segnent 508, both lines D, D i0S, 106 arc Precharged to, a

Pr~determ ned voltage (C9-1 Vdd m approximately 2.5 V) vi | a precharge
circuit 175 and then, gq"bratcd by equilibrate circuit 176, [00361 A
selected rowine, 122 is firedat segnmenjy 510 . by applying azﬁ‘r“&.!%tz@pﬁi ned
voltage froma rONinC decoder to that rowine 122. In this exanple, the
predeterm ned voltage has been selected to be approximately 2.25V as"w ||
be described hercia. In order to read the contents of the nmenory cell 120)
or nore specifically, in order to read the resistance of the Pro rt%nﬁ%ble

conduct oy %%@%}bﬁ%gﬁdgggwmmzmn,pmm thegeellp

appr oxi et e present across the clenment 116. Lhis at
a voltagg aqiﬂagm{ceﬂfa?pﬁjmatchsﬂ)’.m;ﬁhc pequige F’@G’%‘o ag ?’55&1 ?ﬁ%w A
.ltagc of approximately 2.25V applied to rowine 122 tu-LWOn Unm stor
114. Si nb22tdfdFigieshol d voltage OF transistor 114 is approxi mately 0.8V,
then a voltage OF approirimately 1.45V is 2 August 2006 present at point

Awhile a v toggﬁaoh g@@@g{ﬁeﬁr@g@gw @ﬁv“amﬁra%é&smmmmuwmmm for

a differend p s e required read vol tag{e ~as indicated
at segrre%ltigelgfmc cﬁ'ﬁg.ﬁn@D[1Qj8%2]acﬂuhu1ﬁhﬂud:a§ccbbympprdmtﬁlx.ﬂ V (3heh access
transi st or 4"1s cohducting, the ,y,OIlV (up to._yol ;‘aa‘:'[of E%S %&ﬂ&n
line D 1@8picidmetelipl |6V )i dr eaz paraliyic SEpACHARH &8 Aﬂ%ﬂf it )e‘fly 5 ue to
a parasitic capacitance (e.g., 138 Fi 1.1 NtriBetWaRe in & SiPh -
li ne 108 thadokinen howlpﬁ@nﬂztgmdpwﬁﬁ'é(iﬁ%rﬂf%‘ éﬁ?gg'ﬁ‘ircg r'I(;l?tngt SN ﬂ:hw:m
appr oxi mat e A O 1lV. differencq. : di!‘!,'(g'ht'cim&so&h&doﬂithm ' ings
associ at écpwl’tn{’t‘ﬂﬁ-ﬁfé‘cm%clnn gﬁﬁ‘e&%ﬁ&\{g&% ar [l)!kIl 1062 die reference djgit

i ne. ThecRRi 26! ddd DPAPO6, thateferckis digiy e Thepaesbiticscapatitanse 138 B2y bfie
construction of’the nenor’y cell or an additional g@paci tagafe%iag th%&ri[p
of a fabrviaﬁaagglagfam:ipfmomhuoﬁmoﬁmmw% RT A8 .tl PR rcui t
and connected with digit line, D 108 du&ggoadég%&Pﬁrﬁkﬁgdﬂgﬁé‘ﬁ{m@, in

accor danahefpirh ofn fabricated capacitor can also
connected 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 lmc 12% cm?.ld be employed in
the memory array that is not of interest (¢.g.5 165) 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, duc to the
parasitic capacitance 138, the dummy ;pwlinc 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] Still 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




exenpl ary enbodi nrent of the invention, the anount of voltage increase when
the rowmfiac 122 is fired can be controlled by the nmenory architecture. The
increase in the voltage at D 108 is described at segnent 514. (0038% There .
are other ways to increase die voltage difference between [P &wgui200@s

seen by the sense anplifier 102. For instance, a dummy row |line 124 could
be enployed in the nenory array that is not of interest (e.g., 165) such
that the dumry rowinc 124 is always on and precharged to Vvdd
(approximately 2.5V). Then, when the desired rowine 122 is fired, and die
desired donghictor memdrg @Rmentrduiveeth apprommaglyla2sVy tix: el plawel k&veltage. The

esal t,  1mecore dabares OBFgHOR RIS IAREANT i (5Sistate drpCE (s REDBFPARIEe| y
2AV d 15 i t . | d
col um 1 $hit P ey cmGRAE. | AL RBI AL (F B2 13550 AR bikscliched”

| east apriwliteBI P isired 236 s8BRiznP5108tHEg 1 ffisd mpHAGCESU Beenabledd eiaGonlbill

bel ow. [0039] Still referring to Fig. 5, at segnent 516, die dlgl | i ne of

t
i nt er est signdl(fre Negt segmantdilSciwhichaompmmesths voliage oal the 1D 308t 4 O6Hines.
resi stance of the programmble 12 2. August 2006 - conduct.or. nmory, el ement
down to sm@%ﬁh |aﬁ°£¢rzw,m?w made aiﬁodwécglf@ tf)s progratmahle copdycsar i o
di scharg | S.. il .ealen.the resistance | evel of the
progr am*rgﬁ'%gﬁ{ g%ﬁ%ﬁ%@&%&%r%‘%mﬁﬁ A predetermned tine (e.qg.,
15-30ns) after the selected towine 122 is fired, at segnment 510, the

\-sense amfloLOpr BBPckamgiaol segment §2008 e elrmistivls thideadto whethegrint
518 which conpares the voltage on the D 108 and D* 106 |lines. At segnent
520, a digitiaivoltags on I J 08euhs dischargedtheidmethe veltageoon IHA06 én thmpredetarmined

Ccor acq SREFARE {8 ey FEi00F biReTiad badkca Bende INCTOIRES vaRsat B 406 a9 on

11 ot r ank0d 8RGHeabSRel ey B galen B AR, 35 Boc 00, 11 of 86 ARG e

D" 106 agdiie 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 clement 116 from being re-written. This may be desired when a logic HIGH was
read since a re-write may not be desired after cach 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 prcdctcrmi[icd 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 chmcnt 526.

[0043] At segment 528, P-sense amplifier 360 is cnabled, via control signal Fire P, a
predetermined time (e.g., 1-5ns) t; after the N-sensc amplifier 350 is cnabled. If a high
resistance level was recognized at segment 524 (i.e., D 108 is logic HIGH), then transistor



108 are respectively fed to gates of transistors 3015 and 300. If at the
predetermned tine, t2, the voltage at the digit line D 108 is higher than
the voltage at the digit conplenment |ine D 106, then D* 106 is grounded
and D~ remains floating and considered!ds having a high redidEacd%evel
(e.g., logic HGH) at segnent 524. (0041] It should be noted that row i ne
122 may be turned off after the access transistor 114 is turned on. Doing
so, however, will present the progranmabl e conductor | | | menory clenent

116 f ] _written. Thi desi red wh fogi ¢ Hl GH d
Since 5 PAOIF $8 8 RnASIORA2 e O teVoNiaBR ahURE AL OB it BOPUFE BT 5 1 0gi -

H GH as LS i | s of the programmabl e conductor nenory :
cl enent w&%%&ggﬁgé%ﬁ?e@éary re-witing may result in danmage tothe
clement 116 over tine. [0042] Still referring to segnent 522, if at the

pr edet er m @844 Me It 2low R&istalck A8R1 Vas rdeokBFet st sépment 524 (162D B8 {9"logie6,
then line D 108 is grounded and D 108 is considered as having a | ow

resi st anb®©Wthken trangistor] 38 is ofiuyd wanssgndAb 608 and dideIP* AV63e grinteinsd Bt
P-scnsc ar&lifier :“chil s enabl 3% via control signal Fire P, a

pr edet er IRRTGHRAtY Ydd gt scgmany a after the N-sense anplifier 350 is
enabled. If a high resistance |evel was recogni zed at segnent 524 (i.e., D

transi stor 998f o) A piEchd 85, Bk Rowhile 1283e FdRed B dpbRoaip@ifvad. 1t
appr oxi netiesprygiiiimables@idRittormiemohPétent 118 doftinesd b $owREfistive éBite,WheEn, as

recogni zed at segnment 524 (ie., D 108 is logic | L ,_then transistor
330 i s od¢scahed abonsi, saising3h6 rowling 122 doltage taapiroginatelyVdd & metcocgessary to

approxi matel.y Vdd at.segnent 532. [0045) ‘At- segnent 534, the rqow ine 122
Vol t age TEsWHLy L IR Fesistiys ms%rlmwk\ﬁga byfine 133 1HPegF faseddn pedsrap

Menory eheiReRt rd-Widi Rl sBranfishafs | Thids, FHd BrogriithablS conductor memory

clement 116 contained a high resistive state, then raising the rowline 12.2 to épproxih:ancly

Vdd sets the voltage at point A to approximately 1.7V, thereby placing a voltage potential
difference of approximately 0.45V across the programmablc 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 Flg 5. For cxample, initially,
both D 108 and D* 106 are precharged to approximately Vdd. At time t,, rowline 122
fires and turns on transistor 114. The volmgc 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 appfbxinlatciy 2.6V for approximately 15-
30ns while line D* 106 is maintéincd at approximately Vdd. At time t,, N-sensc amplifier
350 is cnabled and compares the voltage.at line I 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-scnsc amplifier 360 is cnabled and line D is boosted
to Vdd and read as logic HIGH. At time ¢, fhc roﬁrﬁué 122 voltage is incrca.scd from



descri bed above, raising the rowine 122 voltage to approximately Vdd is
not necessary to rc-wite a lowresistive state; hoa;cver, the rowinc 122
is nonetheless raised in order to facilitate re-wnting a high resis%ance
state. That is, if the progranmmabl e conductor menory cl emehU84% 2080t ai ned
a high resistive state, then raising the rowinc 122 to approxi mately Vdd
sets the voltage at point Ato approximately 1.7V, thereby placing a

vol tage potential difference of approximately 0.45V across the

progr ammabl e conduct menory . el e _ 16 which,is sufficient.for

P P PO HE 2k 5 SPBiN GG B Vi, ety rabLREERE GPRECE S Ress (1 ow
for findj i j seribed in connection with a
portiond%¥ @I gmagﬁ%@ecigﬁn%lﬁé‘:h?# it%ﬂ%?f?‘%" )oth D 108 and D* 106 are
precharged to approximtely vdd. At tine tj, rowine 122 fires and tuns on
transi st or [0047] ThBigv 7l dgiérs atribin(Bagra6i drrifgR)propess BowRirdinditg 4 Yow o
approximately 2.6V due to the parasitic capacitance 138 between rowinc 122

and c?| uresistanice) écvstbzaf deseeibed|in meahm:m with@i partiengfFigr DmEep pxagnplnatnétia,lly,

2.6V ' 5- ' i ne,D* 106 i, i ptai ned. at, .

mon ox. RBSFSBITIE B35 T RO HEL b chivh o bbbl VR ity owiine
t . 5 . o e

Vol Lage 122 Bresindiens g plahiiftor 11 "Thibditng 38D 108 bbEasts HypptSritridfcly

resi st an@d Vv ey sprosimatelg QeVahit rogsarsRECEdpacitarice 1381 TERER,AD MStib discBarged | n
addition, line D* 106 is forced to ground (OV) at tinme g. At time ta,
P-scnse &m apprexin@sdy 2.6V donapproxizmatelyi 1fe 30ns whio @3t 206 is maintaingddtr ead as
logic HGH At ti I, .the rowjne 122:voltage is |pcyeased from 14 »
noguct | FRREOSIAREVdrh: AF B SoN:Hhac,APBUArRAST 5 SBLed i GUpPURRHIS YIS
cont ent t I G tar.el ' ; 471
cont et Sylinc PAORLAHAIAS: PR HCHE LI kit PP 5 BH% fektiben )
resi st ansRDF &, theéiba USRS eésidifittel 16ved YWREEMGE Vis Ideserite inl @hnREtdnh SrictbFighgX
exanple, initially, both line D108 and fine D* 106 arc precharged.to

appr oxi nax asiditiondinesd 1081s forcedrrovgronod (0Y? at timest, adkt time mg Posense amplifien

e TPl e o D AL S WL LOW and i Deis

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
clement 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 tdr_uicctionivitﬁ 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 (B.AM) 808 which may be constructed as a plug-in module
containing one or more memory devices having the PCRAM structurc 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, c.g.,2 nﬁéroprdccésor, 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 scries of buses and bridges commonly
used in a processor-based system, but for convenicnce purposes only, the bus 820 has been



O1V to approximately 2.6V due to parasitic capacitance.138. Then, D 108 is
di scharged from approximately 2.6V for approximtely 15-30ns while D* 106
is maintained at approximtely vdd. At tine 4, N-scnsc anplifier 350 is
enabl ed and conpares the voltage at |ilfie D 108 with that of AusH 2806106,
If the voltage neasured at D 108 is less than that of D* 106, then a | ow
resi stance level is re-cognized, as described in connection with.Pig. 5.

In addition, line D 108 is forced to ground (OV) at tine t2,. At time 1~7

P- serw anphner ~36Q i,s enabl ed and Ii remai ns at O/ a S ad as
og ¢ LMt 412 el bhs o ngnr dogt L Aeve: (g mepicgy 304,806 32y
rowhne 1 I LS .l f r.oxls | ; X] :
Vdd, s 552 EiEREed b Ut BAF8A0; BRCAc T TONNFEH B ohos O pRABEBICHERIGRY
r esi st anThelpey&dssdrrbaied sypi@dS00EN ﬁ;dﬁdwduﬁi&bnmmbrque)ﬂ?mm&mch mdys
done so that other nenory, ce,* storing ahigh resistance |level may be rc-

wri tt en. albobegised g stoge aisbfiwarcaprogrambl ock di agram of a processor system
800 containing a PCRAM sem conductor nenory as described in connection
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syst em Spfbcasing eAakaownun ehe sitspaallelprotssser achinboeatbe tlasifiddoas singlb e
system 800 includes a central processing unit ~CJPU ) 802, e.g., a

m cr opr ostyeron/ multiple dm.@iﬂs&}ssmmtﬁll pERessirs kxaiuite, th@sapme OBrRGiondrdty e
814, and,RAM 808 over a bus. 820.. |t st. be n at the bus 820 may be
o ser hostSr i RS O P RRIg dast i HopH ot (MM ctnie At BRasr Ok
but for [ nly, the bus 820 has been 2 August 2006
illustrate %@%ﬁ%ﬁ#’éﬂgﬁgénﬁn I nput/output (1/0) device (e.g., nonitor)
804, 806 may al so be connected to the bus 820, but are not required in:

order to pf{@050te The preseaninvention prevideos BERAMOGHEIR (G xod a méfiedFos feading

I ncl udes a read-only nmenory (ROVM) 800 which may
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 acrbss a plurality of programmable conductor memory elements
116. A second terminal of the acccsé transistor 114 is coupled to a column line 108, which
can be the desired digit linc (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
(¢.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 clement 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



al so be used to store a software program [00491 Al though the Fig. 8

I bl ock, di agram depicts only one CPU 802, the Fig. ~8 systemcould also be
configured as!a parallel processor machi ne f or per form ng paraIIeI
processing. As known in the art, paral el , processor machi nesASgHSIFQ06
classified as single instruction/nultlple data (SI MD)~ neani ng, al
processors execute die sane instructions at the sane tinme, or nmultiple

i nstruction/rultipledata, (AlILM); neaning each processor executes

di fferent instructions. [0050] The present |nvent|on rovides a P eI
120 and 260l Honsmeory sl BcEebis Babocstisorelendf She, Gemary el 240 a

nmenory ceII 120 consj st,s,0f a.progr

series walRAeHEEEE R e it iR %&?%ﬁﬂcfﬁw%fﬁ BEFl dfle”
of the pPregliadMBblallHARe uoldectBHRRY r&hﬁﬂ%@tof%@ nicin adg.0 a cell

plate 118 that may extend across a plurality of programrabl e conductor
menory elenents 116. A second termnal of the access transistor 114 is
coupl ed t o E05AumWhile ehel@Sentidi has beandéseriticd inldstailéd congectidn with (pferrete

017 A b b S il 0

to digit | 6 f t

ar v ay 16 HmiE B SRR oRGERES, Chircr, dfavdnaba R v oA | O° L“ZW
plate 11§cofberand h@ﬁ&\ﬂbhf\ﬁfv&i?a%&;ﬁraz&rgm SbiHRRbNs 6°tduitAlnd

with a third predeternai ned voltage potential (c-g-, appfoximately 2. 25\/)
t he accesst hemtafost desctibédj but whivhdare tommicmsanata Mlth dmchpuimgmd sdopn@fEhel 08
di scharges fhr a _predetermped tjne periaqd ﬁ:ﬁs 15-; as) at whjch tjne,
line D MWysngAg- (Hoxsxample glthpugh: c%sm@anap ba%th ibed in canpertion wigh

lif wh th d
ol orent - BB 16 ihaif B TRy ATl SR I B OREEHTRES
bei ng 1 egitbse bt RGLR & BOhscd Ebei@hxﬁ¥%€sﬂﬁcr&{1ﬁ§h§ﬁguaﬁ1&ipmhbh@?t&
108 and line D 106, as well as the towine 122 voltage, up t
appr oxi matvehgioids boert Hedcribed if icghneaiorstvithae typevand pmyde@M@ﬁﬁtrdtﬁﬁth,Qt t he

menory cel | 2{% 2 August 2006
shoul apparent that complcmcntary CMOS transistors can be used instead.

Furthermore, although the invention has bccn clcscnbcd in connection with a specific

polarity for the memory cell 120, that polarity may be rcvcrscd rcsu.lnng in d.lﬂ’crcnt voltage
levels being applied to the transistor 114, cell plate 118, chglt hnc D 108 and d1g1t
complement line D* 106. Accordingly, thc.mvcnnon is not limited by the foregoing
description or drawings, but is only ﬁmitcd by the s;:opc of the appended claims.



120 if the nmenory cell did in fact have a high resistance level. If the
menory cell 120 had a | ow resistance |evel, then raising the voltage
potentials of lines D 108 and D* 106 and the rowine 122 will have no
effect on the resistance of the nenory cell 120. [0051] Wile the invention
has been described in detail in connection with preferred 2ABEHtASRGS
known at the tine, it should be readily understood that the invention is
not limted to the disclosed enbodi ments. - Bather, the invention can be
nodified to incorporate any nunber of variations, alterations,
substitutions or equival ent arrangenenggamWiQt heretofore described, but

whi ch are commensurate with the spirit and scope of the invention. For
exanpl e, al though~ the invention has been described in connection with
specific voltage levels, it should be readily apparent that voltage |evels
very different tlhahmethaskef sqpgeg alstaredealar af a yarighle fepisiancs mEPR™ve the sane
results. In addition, although the invention has been described in,
connect i GHEMGEEHhs methnd comprisinginc cMOS amisistors, it should be readily

apparent that conpl.enentary . transistors can,be used |nstead

FUr ther mor e al (HBUGFENRE A it URT Pihe R SRINCTERIPeSa RISERNEEL i on i th a
speci fi cvoﬂgéea&%‘tgé(, for the nenory cell 120, that polarity may be reversed
resulting in €rent voltage |levels being applied to the transistor 114,

cell plate 118, aq.iig.jatgnrétélpﬁcgss]tp%\sﬁfb? rﬁﬂbﬁlﬁg&%}?&ﬁ%gls?iwéméﬂt%d aid @it

Accordingly, the Tnvertion s n or egol ng escrrption or

dr awi ngs,lir}g%%kﬁ]ly%egdlvbméﬁggg}ﬂ dibReRcaRg Of the appended clainms. 17 2

August 2006 ArM 1. A ne of sensing a stored value of a variable
resistance menDIAmARAHABRRE voltdde ofBhhind ok MR Wit Agoltiiceah@iding a digit line

and a digit conplenment line to a predeterm ned voltage value; activating
an accessohipinés e t€ dttphtific hetisaivedavd, sidah@eby,aridgisal datdiofgsdid |ine to
apply a read voltage to said el enent; and
element.
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, wtierein 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.



conparing the voltage on said digit line with a voltage on said digit
conplenent line to determ ne a resistance |level, and thereby, a | ogical
state of said elenent. 2. The nethod of claim1, wherein said act of
precharging conprises precharging said digit line and said digit conplenent
line to approximately Vdd. 3. The netlod of claim 1, where} il aoagt of
prechargi ng conprises receiving a precharge control signal at a precharge
circuit and coupling said digit line and said digit conplenent line to
approximately vVdd. 4. The nethod of claim1l, wherein said act of
precharging further conprises equilibrating said voltage on said digit

line and sai d vel tEgeneRos af elafh 9ifhrth&WoRpeiRBRtdidchaindsaidhe nmet hod of
claim1l1, wherein said act of activating conprises firing a rowine coupled
to a gat ecldges@i shididiRgslingd foaapira&ieddrmiddd Ferddogifetm@béfore €aid atteofiret hod of
claiml further conprising discharging said voltage on said digit line for
a predet eomparag.peri od of time before said act of conparing. 7. The nethod
of claim®6, wherein said act of discharging further conprises discharging
sai d vol t age on7sdhd miitlid of dlaim §,rverareinsaidiagyel disghaeging fgthsxi mat el y equal
to said predeterm ned _voltage plus an_additional voltage. 8. The nethod of
cl ai m 7, comprgssischpigingisaid velizge otaddigtimedipm pyolaga¥dles ¢ capaci t ance
between said digit line and , a rowine coupled to said.acce transi stor.
9. The mBPHGYMBHC qA 10 YAl DredFteEBifsOlAge PSR, ﬂﬁ&ﬂymgwslfa@sr stance | evel
at said el ement 8. The method of claim 7, wherein said additional voltage is due
to parasitic capacitance between said digit line 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 1 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 O v and said
predetermined voltage.

13. The method of claim 12, wherein said act of applying
comprises applying said voltage to a cell plate ties to said second terminal of said
memory element.

14. A method for reading a variable resistance memory cell, the method

comprising:



10. The method of claim| further conprising rewiting said | ow resistance
| evel into said elenent. 11. The nethod of claim1 further conprising
reading a high resistance level at said elenent. 12. The nethod of claim1
further conprising applying a voltage to a second term nal of said nenory
el ement, said voltage being between 0 ¥ and said predet er n? fé@ustd®0age.

13. The nmethod of claim 12, wherein said act of applying conprises applying
said voltage to a cell plate ties to said second term nal of said nenory
element. 14. A nethod for reading a variable resistance nmenory cell, the
met hod conprising: 19 2 August 2006 setting a voltage of a cell plate of

said cell, to Wy \fd'ltragé oPQEélgﬂﬁtlefsﬁdrc%Hit%tﬂrﬁ{@h ghigsrpbticRforsai d cell is
coupled, to a first predeferm ned voltage; charging a first terninal of an

access t rragsi v ément ofahid «8lik caifled 16 aifesignedeteratneliedltigef 0 a second
predeterm ned vol tage, wherein said first termnal is coupled to a colum

| i ne of said celdhargitges éirst tanded ofidn hedess tradsiodr ofasand delleandiastfererice coupl ed
to a second portion of said resistive elenment, and wherein said first

t er mi nal candudar & a seebrd predetenningd cobagea mhersdn paia dirstdemaigplas coveled pat s of
a conparator; c_hargi ng a gate of said access transistor to a third

pr edet er riohuan line phepid cell, wiarein asseonchigmyibownd trappgpisicoupled 1Qat e i s
coupled! to a rowine of said cell; dischargin aid first termnal from
sai d secéﬁ&on&rléﬂ’@?’éPﬁﬁ"ﬁéde%}ﬁl"teé‘é%me‘%thi‘ftﬂuﬁherﬁﬁ’esag‘ézifsétt‘?%n 1fsAtd  and

conparin voltage at said first termnal with said second predeterm ned
vol t age ge%@}‘f&t‘:@g&’fqﬁ%"rﬁéf’}lﬁlﬂd iﬂ' TGSPRRAVEARRIES @ gaogg?ragqr, di schar gi ng begi ns

in order to 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, therein said second predetermined
voltage is greater than said first predetermined voltage.

16. The method of claim 14, wherein said act of discharging
comprises discharging said first terminal from a fourth predetermined voltage that is
slightly different from said second predetermined violtage, said fourth predetermined
voltage resulting from a parasitic capacitance associated with said column line.

17. The method of claim 14 farther comprising changing said
third predetermined voltage to a level sufficient to rewrite said resistance level to said

memory cell after said memory cell has been read.



determne a logical state of said cell. 15. The nethod of claim 14, therein
said second predeterm ned voltage is greater than said first predeterm ned
voltage. 16. The nethod of claim 14, wherein said act of discharging
conprises discharging said first termnal froma fourth predeterm ned
voltage that is slightly different frdm said second predet2Angued006
violtage, said fourth predetermned voltage resulting froma parasitic
capaci tance associated with said colum line. 17. The nethod of claim 14
farther conprising changing said third predeterm ned voltage to a | eve
sufficient to rewite said resistance level to said nenory cell after said

menory cell has jpegpe hitdthd A1An VY YalerdRQBid abBof J8giRt hod of claim 17,

wherein said act of changing conprises increasing sard third predeterm ned
vol t age tompdAksh ineeasifdg BAidRTE prodeesminedl vioddge tol&id JdvendprdRteraiingl ai m 18,
wherein said act of increasing conprises increasing said third
predet er wohhg@. vol tage | evel to approximately Vdd. 20. The nethod of claim
17 further conprising rewiting said high resistance |evel to said nenory
cell. 21. The maphTte afetladdosdfinldidy 18)iverertin ssidiadt aCincwhsippt ti ng conpri ses
setting said voltage of said cell plate to approxi mately Vdd. 22. The

met hod otowptsenifcreasing eaiditiird piedetgunined velbiage laveldo approzgsatelyeYdd.ng sai d
voltage of said cell plate to approximately Vvdd/ 2. 23. The nethod of claim
14, Wherein sai @0adhe orethatefgilzim 1 furthst comprising sgwitingsaid ansi st or
corrpriSﬁgJE hargi ng said first term pal and said reference conductor to
appr oxi rgsigtgace loyel tegaid pasmeFy ¢St ¢l ai m 14, wherein said act of charging

a gate 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.
23. The method of claim 14, Wherein said act of charging a first
terminal of a transistor comprises charging said first terminal and said reference
conductor to approximately Vdd.
24. The method of claim 14, wherein said act of charging a gate
comprises charging said gate to a value sufficient for reading said resistive element, but
less than a value that would enable said cell to be programmed.
25. The method of claim 24, therein said act of charging said
gate comprises charging said gate to a voltage level jbetween 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.



conprises charging said gate to a value sufficient for reading said
resistive elenent, but |ess than a value that would enable said cell to be
programmed. 25. The nethod of claim 24, therein said act of charging said
gate conprises charging said gate to a voltage | evel jbetween said first
and second predeterm ned vol tages. 261 The nmethod of cl ai ? DEgUKREPRI n
said act of discharging said first term nal conprises discharging said
first termnal fromapproximately Vdd plus an additional voltage. 21 2
August 2006 27. The nethod of claim 26, wherein said act of discharging
said first termnal conprises discharging said first terminal from

approxi mat el y Ve phelferRARIeidifDeChlein shidact 88 disthiggiglsfiad of claim 14,

wherein said act of conparing conprises conparing said voltage at said

first tefipdtAgminkltddniiisds QREPAFInR QHEHAE tarm@th]l fopl hRSBxRARREIV IBpRkY
15-30ns after said act of discharging has begun. 29. The nethod of claim 14
further apppxinsitstgodererm ning said nenory cell has a logic H GH state.

30. The nethod of claim 14 further conprising determning said nenory cell
has a | ogi c LOA28t dhemeBind of ai@trhipl Whereis easidiangofcommariag val ue of a

vari abl e resistance nenory cell, the nmethod conprising: precharging a

di gi t | i aemposgslcompaning stidrvsitageatifaphfirsbterminad padissid mn@? Btedpteamnegai d

cell to a first predeterm ned voltage; cha_r%lmﬁg, a cell plate of said cell
to a secHptagsranErdmaiche §5v8ns alier saighacy of disehpiginghag BeBH i ned vol t age bei ng

a value between QN o0 Aodof claim 14 MG comprismg dofaminhg safd "

memory cell has a logic HIGH state.

30. The method of claim 14 further comprising determining said
memory cell has a logic LOW state.

31. A method for sensing a stored value of a variable resistance memory cell,
the method comprising:

precharging a digit line coupled to a first terminal of an access transistor of
said 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 variable resistance memory

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



applying a third predetermined voltage to a rowine coupled to a gate of
said access transistor such that a resulting voltage across said variable
resi stance nenory cell is sufficient to read a |ogical state of said cell,
but insufficient to programsaid cell. 22 2 August 2006 32. A nethod for
sensing a stored value of a variable r¥&istance nenory cel | 2 Aughet 2086 hod
conprising: precharging a digit line to a reference voltage value, said
digit line being coupled to a first term nal of an access transistor of
said cell; charging a cell plate of said cell to a first predeterm ned
voltage, said first predeterm ned voltage being a val ue between OV and
sai d reference vol gl dsensield el VaRlt dfiEvfab A HRBDIENRRY bolDY
appl ying a second predeterm ned vol tage, said second predeterm ned voltage
bei ng sufthd gie@idll copkismgd: sai d nmenory cell, but insufficient to program

said menory cell; and | conparing a voltage read at said digit line with
said reference vpbdtageng B digt URé td PredereRtdWdlRga vhRg] &idd difiai Kingai d
menory cell. 33. A variable resistance nmenory structure conprising: a

digit |ineuprd téadirgitbrntiofln) fereBtesk tragsistar 6f dafditdll;f or precharging said
digit line and said digit conplenent line to a predeterm ned voltage val ue
prior to a read chpmgimg & oel] phie aftagbeell toanBist preteteanined wpltageg s@d\fasti abl e

resi stance nenory elenent to said digit line during a read operation; and
a sense agmpdetdrimened omitago hpiagiangluedictweppsO¥rand anid rdfeginice voltegeavaduss ai d di gi t
conplenment line during said read operation to determ ne a resistance |evel,
and thereby, a firtyg eEtwleeisast memory eedhby gpymgeansecomhiprefaerminedct ur e of

cl aim 33, erein said predetern ned . . ,
voltage, said second predetermined voltage being sufficient to read said memory cell, but

insufficient to program said memory cell; and |

comparing a voltage read at said digit line with said reference voltage in
order to determine a logical state of said memory cell.

33. A variable resistance 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 variable resistance 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 detehnine a resistance level, and
thereby, a logical state of said memory element.

34. The structure of claim 33, wherein said predetermined

voltage is approximately Vdd.



voltage is approximately Vvdd. 23 2 August 2006 35. The structure of claim
33, wherein said variable resistance nenory el enent conprises a

chal cogeni de gl ass having first and second electrodes. 36. The structure
of claim 35, wherein said chal cogenide glass has a Ge, Se and Ag
conposition. 37. The structure of clai?®h 33 further conpri sihgugusdpdabl e
parasitic capacitance between said digit line and a rowine of said nenory
structure, said variable parasitic capacitance causing said digit line to
be charged to a voltage | evel higher than said predeterm ned voltage
during said read operation. 38. The structure of claim 33, wherein said

digi t compl ements! The ric@RSAGIARPS: Wildtif sFRTRKRIbaYad ferent froma

menory array with which said nenmory cell is associated. 39. The structure
of cl ai Mdédryikldiint eOMPFL! I\¢hahddgBaidk lol s lﬁ_ﬁﬁng%mﬁatseédaﬁ equi | i brating

said digit line and said digit conplenent lineto said predeterm ned
vol t age. ekbBirodsssem conduct or nenory conprising: a variable resistance
menory elenment; a columm line; a rowine; a conductor for applying a first
vol tage to a fi B&t Thesmictate affclami 3, whardimidié chdsigehalegdasyenory el ement; a
transistor for selectively coupling said colum line to another term nal of
sai d var hes @er Itk Agcempesitiey. el ement in response to a gate vol tage
applied to said__row i ne; . o .
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 capacitance causing said digit line to be charged to a voltage level
higher than said predetermined voltage during said read operation.
38. The structure of claim 33, wherein said digit complement line
is associated with a memory array different from a memory array with which said
memory cell is associated.
39. The structure of claim 33 further comprising an equilibrate
circuit the equilibrating said digit line and said digit complement line to said
predetermined voltage.
40. A semiconductor memory comprising:
a variable resistance memory element;
a column line;
a rowline;
a conductor for applying a first voltage to a first terminal of said
variable resistance memory element;
a transistor for selectively coupling said column line to another terminal of

said variable resistance memory element in response to a gate voltage applied to said

rowline;



24 2 August 2006 a sense anplifier coupled to said colum line and a

ref erence conductor; and a precharge circuit for precharging said colum

| ine and reference conductor to a predeterm ned voltage prior to
application of a gate voltage to said rowine, said sense anplifier
conparing a voltage on said colum |in& and reference |ine2thogdstt20fi ne a
resi stance value of said variable resistance nenory el enent after said gate
voltage is applied to said rowine. 41. The nenory of claim40, wherein
said first voltage is a voltage between OV and approximately Vdd. 42. The
menory of claim40, wherein said variable resistance nenory el enment

compri ses a chal £aaenhig;akatphah dfidldoltin AALLALE Altrentd E5idueAESina?3, The

menory of claim42, wherein sald chal cogenide glass has a Ge, Se and Ag

conposi tion. 44.a glaehd¥BeirdtiOfor prethitghtl salfes18 15RI AhdGefefentelchbAdiftdrS
sufficient to read said nenory el enent but insufficient to program said

menory dbemeedeterAfinedheltageppioy t@bpplication 40a fgatetvitiage id séwilin® vari abl e
parasitic capacitance associated wth said colum |line, said variable
parasitic capaciaidstose ampkfiergpongiating alvohngd omeait coluenrclime grebrefareizcevol t age
| evel higher than said predeterm ned voltage supplied by said precharge
circuit ilmeredpersimetagesisiadceyerlee ofsaid eagmbleaiesigtangpl i ed to said row i ne.
46. The nenory of claim 45, wherein said variable parasitic capacitance
causes sdnemesy slementiafier said gateciodiegris appliahisy wid raxtlley 0. 1V hi gher than
sai d predeterm ned_yol tage s ied by said,precharge.circuit. 25 2 August
20:)6 P gf? Tﬁe memory o? Bllglllm 48, wﬁeref}l saidD ﬁrst vglta%e isa g
voltage between OV and approximately Vdd.

42. The memory of claim 40, wherein said variable resistance
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
clement.

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.



47. The nmenory of claim40, wherein said sense anplifier conprises: an
N-sense anplifier; and a P-sense anplifier coupled to said N-sense
anplifier, wherein said N-sense anplifier and said P-sense anplifier
conpare voltage values at said colum |ine and said reference conductor.
48. The menory of claim40, wherein sald reference conduct o August2086¢ci at ed
with a nenory array different froma nenory array with which said nenory
el enent is associated. 49. The nmenory of claim40 further conprising a
dunmmy rowl i ne associated with said reference conductor, said dunmy row ine
normal ly being fired to a dumy row ine voltage and when said gate voltage
is applied to sard | ks O\M: i i vated such that
sai d predeterm Er?Z'd %%fé@%é?ﬁ&%’g? g&re eééﬁe?\r%%lg%g%gﬁgallﬁag%gdecreases due to
parasiti gopR@Gi tance at a colum line associated with said dummy rowine.
50. A processor system conprising: a processor; and a sem conductor
menory struct ur an®dygiskaehplifies;aind processor, said sem conductor nenory
structure conprising: digit line and a digit conplenent line; «circuit for
prechar gi ng sai @ Fasagis¢ amphBernpoaipleditd saiid gV¥-serse apipdifien twhereie sdid Nsense
predeterm ned voltage value prior to a read operation; an access transistor
for coupPmRGigr dnd saap Pesenesssmplifierccomnine yoltagesibues at said golimii e and ne

during a r.ead_ operatipn; and 26 2 August 2006 a sense anplifier for
conpari néalgé?ﬁeéfg‘@?%?fi)@g?rd digit line and said digit

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 couplfed 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 variable resistance memory

element to said digit line during a read operation; and



conplenment line during said read operation to determ ne a resistance |evel
and thereby, a logical state of said nenory elenent. 51. The system of

cl ai m 50, wherein said predeterm ned voltage is approximtely vdd. 52. The
system of claim50, wherein said variable resistance nenory el ement
conprises a chal cogeni de gl ass having %6 rst and second el ecAugesd20063. The
system of claim52, wherein said chal cogenide glass has a Ge, Se and Ag
conposition. 54. The system of claimb50 further conprising a variable
parasitic capacitance between said digit Iine and a rowine of said nenory
cell, said vari akbgse RiIARk BrConRRARL VBRSRs SAYSIdNHg® fihd afld gid aldine to be
charged to a voltage |l evel higher than said prede%ernlned vol tage duri ng

sai d r eadomphhaint e dafing thia r%é’&b?‘d‘fh@cﬁn € @dtoinsifle WHEERhRCSRVEL Middi T _
conplenment line is associated with a nenory array different froma mneinory

array wi thershlyi afflogail dtate®fRaid/membly élemagsoci ated. 56. A processor system
conprising: a processor; and a sem conductor nmenory coupled to said

processor, sai dSkerfilemystent off claiffe$M) wwheempaid prafgtenminedrioiage resi st ance
menory el ement; a colum line; a rowine; 27 2 August 2006 a conductor for
appl yi ngisappraxamatedy Vdde to a first terminal of said variable resistance
menory element; a transistor for selectively coupling said colum line to
anot her t er mi naPZ offhe systempaelazmp| 59, whstein said sanahioresistineaent in response to

a gate voltage aEPIied to said . .
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.

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

56. A processor system comprising:

a processor; and

a semiconductor memory coupled to said processor, said semiconductor
memory comprising:

a variable resistance memory element; a column line; a rowline;



row ine; a sense anplifier coupled to said colum line and a reference
conductor; and a precharge circuit for precharging said colum |ine and
ref erence conductor to a predeterm ned voltage prior to application of a
gate voltage to said rowine, said sense anplifier conparing a voltage on

said colum line and reference |ine t¥ determnine a resistahdagusti2086 of
said vari abl e resistance nenory elenent after said gate voltage is applied
to said rowine. 57. A nethod for reading a sem conductor nmenory cell, the

met hod conprising: precharging a digit line and a digit conplenent line to
a predeterm ned voltage value; activating an access transistor coupled

bet ween a vari abl @nig&bstoans yIRh 4t vall %0k fiddtdersiithal ffisgigt |1 ne to apply
a read voltage to said variable resistanCe nenory elenent; and conparing

t he vol t agralsie radstanad geioty flemehf;h a vol tage on said digit conpl enent
line to determ ne a resistance |level, and thereby, a logical state of said
vari abl e resi st artcmsistndoyseidotivelytcoupling said column line to another terminal of

said variable resistance 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 variable resistance memory element after
said gate voltage is applied to said rowline.

57. A method for reading a semiconductor memory cell, the method
comprising:

precharging a digit line and a digit complement line to a predetermined
voltage value;

activating an access transistor coupled between a variable resistance memory
element and said digit line to apply a read voltage to said variable resistance memory
element; and

comparing the voltage on said digit line with a voltage on said digit
complement line to determine a resistance level, and thereby, a logical state of said

variable resistance memory element.



