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1. Field of the Invention:

[0001] The present invention relates to integrated memory circuits. More
specifically, it relates to a method for writing data to 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
considerable 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 “17), and a stored charge of the opposite polarity represents a logic
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LOW (e.g., binary "0"). The basic drawback of a DRAMis that the charge on
the capacitor eventually | eaks away and therefore provisions nust be nade
to "refreab'o3dtohss7 capacitor charge or el se the data bit strerasotyoorhe
menory cell is lost. [0004] The nenory cell of a conventional SRAM on the
ot her hand, conprises, as basic conponents, an access transistor or
transistors and a nenory elenent in the formof two or nore integrated
circuit i fn%h? e PRAM exanpl e
of such gbl sfé%fg | at 2@? gﬂg@%&as??ﬁd%%gérl&ogfs‘% coupqggg#%grc?gge%ﬁéﬁgt abl e

| at ches daparitor eesatuilly losks avelyraaditherefora provisivhemuaske afade BRAM frshDitlye
cells, and will reliably store a data bit indefinitely as long as they
conti nueC%Rﬁcrt@ééliwge%Gé?@@/d#&ae{g@sm%@v‘éc m@i}@ﬁ’%?%my cell requires a
| arger nunber of transistors and therefore anmount of silicon real estate

than a si and dr nor e [ 0005]
Efforts cng%rQQiAto ?g %H?’R}O%tcﬁ@ ?5?%6%%%8@&%@%8% q’l can
store daigmphiddsSas BAGE EfinpShedts I arcees@ﬁaﬁﬁ&by or bahsisol A8 2 RRGesYy studies
have focused on resistive materials that can be progranmed to exhi bit

ei t her hicpment i dve farbabf svobnmmore trntgatedkmuugieamnahitercoamcmchtme el enment
of such material coul d be  programed éset to a high resistive state to

store, f&m ‘—‘é*k’&r?ﬁlaebmtabbllﬁ&hy Amg_exaga:tlgo ?‘%Chci‘rbls%b@gl?@%a% 0§C¥Q§§\7 resistive

state to s bi nar a The [ ed RBit. en be
et eveougedifsttePh ot AT fhosheg L BE SRR agb i e BE
current Mﬁférﬂd}&‘&m‘h ahdill %éia%ly' Sre"BARA BitSheomAtePYs B %‘%l@e%rs deV' ce,
thus indicating the stable resistdance state it had previ ousl y béen

pr ogr ammeontimue {cOfRQ6Ve Qreplpaolageul &dwevpr,antls b merpoggredmgiikes,a lbigerabl e
resistive material is
number of transistors and therefore amount of silicon real estate than a simple DRAM

cell, and draws more power than a DRAM cell.

[0005] Efforts continue to identify other forms of memory elements which
can store data states and do not require extensive refreshing. Recent studies have
focused on resistive materials that can be programmed to exhibit either high or low
stable ohmic states. A programmable resistance element of such material could be
programmed (set) to a high resistive state to store, for example, a binary,“l” 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 voltage supplying a
current switched through the resistive memory element by an access device, thus

indicating the stable resistance state it had previously been programmed to.

[0006] One particularly promising programmable, bistable resistive material is
known as a programmable metalization material, also termed a programmable
- conductor material. A memory element comprised of such a material has a stable at rest
high resistance state, but can be programmed to a stable low resistance state by
application of a suitable voltage across the memory element. A reverse voltage of

suitable magnitude applied across the memory element can restore the high resistance

2



known as a programmabl e netalization material, also ternmed a programmuabl e
conductor material. A nenory elenent conprised of such a material has a
stabl e atwoesis4887T gh resi stance state, but can be programPed/iso2/a03s abl e

| ow resi stance state by application of a suitable voltage across the
menory el enment. A reverse voltage of suitable magnitude applied across the
menory el ement can restore the high resistance 2 WD 03/ 054887
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conductive dendrite through or urface of the progranm

conduct olonnthk gtifade oftherprogamrabble condaitor afateriibMArprogtanmablei ®nductor

nonvol atile, in that the | ow resistance state need not be refreshed, or if
r ef r eshi meemMaryralefueRicld nonyolagley i thag thelasy resistapce siaty pead ek betegreshigy or or

ks. [0Q00 One. | ary. bl duct | al [
chal cogerh AEUPEE & TANBE fot HHA0T AGORBL [TBHRSHA £ 8 SY FEVETR: A Speci fi c
exanple is germani um sel eni um (GexSel-x) diffused with silver (Ag) ions.

One et hod @ood]f f usi Ofhe &B&pﬁr&p&s ra@fbldEshduRfordRaERAl cBhS8egai UM
material is to initially evapora e%ﬂe germani um sel eni um gl ass and t hen

deposi t ahilhogenidy glassofmatirial/ baving aretilhiengdiffased fletein easpekHiclexampletiser i ng,
physi cal vapor. depfsi,t o) or other known technique in the art. = The | ayer

of ~ si | veBeimanipmsionia, (nCEfrx%me} disfugedyvith. slyerdifyeo i ePne nestbeg pf ét}ffvémgh i

| h . t han 600 t . so_that,the.en t th
ST ver o sisEF oot B G bR R Rt 0w Ry PR RN e bosd of
the chal %@Eﬂﬁ'ﬁgﬁ:ﬁ&trﬂﬂnaélass%ﬁd%eﬁ Beposit a Et@lg éagt@i' SEsifkAGSon $hdPRGIfOM th

silver. ectrodes are provided at spaced lons on the chal cogeni de
gl ass t ocappply bycptagesgf pliysiunl tipoy depositieddrraghthenowemecahnique in the art.

The layer of silver is irradiated, preferably with electromagnetic energy at a wavelength

less than 600 nanometers, so that the energy passes through the silver and to the
silver/glass interface, to break a chalcogenide bond of the chalcogenide material. Asa
result, the Ge:Se glass is doped with silver. Electrodes are provided at spaced locations
on the chalcogenide glass to apply voltages for writing and reading the memory

element.

[0008] Currently, circuitry for writing data to an array of programmable
conductor memory elements is being developed. One problem associated with writing
a programmable conductor memory element from a high resistance state to a low
resistance state is that a driver is used to supply a write voltage at high current, and once
the memory element switches to a low resistance state, the high current is still provided

by the driver. This results in wasted power.

YOFTHE]T TON

[0009] The present invention provides an improved write circuit and method

for writing a programmable conductor random access memory (PCRAM) cell which



el ement. [0008] Currently, circuitry for witing data to an array of
programmabl e conductor nenory elenents is being devel oped. One problem
associ at edowBlssr i ti ng a programmabl e conductor nenory @Camsar/4doroHm a
hi gh resistance state to a low resistance state is that a driver is used
to supply a wite voltage at high current, and once the nenory el enent
swtches to a | ow resistance state, the high current is still provided by
the driv i 4 ; IVIVA T | 1:0009]
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driver i's used to wri
voltages for the second voltage. Since no current supplying driver is used to write a

et
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memory element, wasted current is reduced.

FD TION E N

[0010] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of preferred embodiments of the

invention given below with reference to the accompanying drawings in which:

[0011] Fig. 1 depicts a memory array employing a plurality of PCRAM

memory cells, in accordance with an exemplary embodiment of the invention;
[0012] Fig. 2 depicts a PCRAM memory cell of Fig. 1;

[0013] Fig. 3A depicts a flowchart describing an operational flow, in

accordance with an exemplary embodiment of the invention;

[0014] Fig. 3B depicts a voltage arrangement across the PCRAM memory cell
of Fig.1;



menory el ement, wasted current is reduced. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0010] The foregoi ng and ot her advantages and features of the

I nvent i orwaiBlos4sBecone nore apparent fromthe detail ed de®Cmiysvz/enn7of
preferred enbodi nents of the invention given belowwth reference to the
acconpanyi ng drawi ngs in which: [0011] Fig. | depicts a nenory array
enploying a plurality of PCRAM nenory cells, in accordance with an

exenpl ary epjipdjiment o Wngei L RO art (g.‘ﬁ:]l Ig- | gﬁgg,RAM
menory cel | of I‘li g. 1; gt001?]&3!;2(\:51&?lé B%chépa?ct 39:‘#‘83\,@}%%}9?9%@%. I ng an
oper at i omadmbtyostlls, in acaciandawith ani dlfermtive xaitRdihy neobodiinvdition); ahthe

I nvention; [0014] Fig. 3B depicts a voltage arrangenent across the PCRAM
menory cell_ _of Fig. 1; 4 WD 03/054887 PCT/ US02/ 40078 [00151 Fig. 4.

depi cts a MO ar r aljige fpdepiatng blodk dizgmm; gf aupropermivbassdoystemegansaining
accordan ' an alternative enmbodi nent of the .inyentiop; and 0016]
o 5 qep AN Ao T sbdhest VA M BeoRrd iEutaiEght BhinSfenitthg a
PCRAM nmenory, in accordance with an exenpl ary enbodi nent of the invention.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0017] The present invention

wi |l be described in connection with exenplary enbodinments illustrated in
Figs. 1-5. O her enbodinents may be realized and other changes may be nade
to the di scl osedl2hibide PebESGR | BRIEEikd VB T

[0017] The present invention will be described in connection with exemplary
embodiments illustrated in Figs. 1-5. 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.

[0018] The term “silver” is intended to include not only elemental silver, but
silver with other trace metals or in various alloyed combinations with other metals as
known in the semiconductor industry, as long as such silver alloy is conductive, and as
long as the physical and electrical properties of the silver remain unchanged. Similarly,
the terms “germanium” and “selenium” are intended to include not only elemental
germanium and selenium, but germanium and selenium with other trace metals or in
various alloyed combinations with other metals as known in the semiconductor
industry, as long as the physical and electrical properties of the germanium or selenium

remain unchanged.

[0019] Fig. 1 depicts a memory array 100 having a plurality of row lines 110,
112, 114 and bit (column) lines 116, 118, 120. At each intersection of a row and bin
line there is formed a PCRAM cell such as memory cell 122. Each memory cell (e.g.,
122) contains an access transistor 124 and a programmable conductor memory element
126. The programmable conductor memory element may be formed of a chalcogenide

glass composition of Se:Ge which is doped with Ag. Suitable material composition for
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or scope of the present invention. [0018] The term"silver"” is intended to
i ncl ude not only elenental silver, but silver with other trace netals or

i n vari ouwOaBlos4sed conbi nations with other netals as knomRaTiusor/in®7s8

sem conductor industry, as long as such silver alloy is conductive, and as
| ong as the physical and electrical properties of the silver remain
unchanged. Simlarly, the terns "germaniunm and "seleniunm are intended to

i ncl ude i m and

sel eni um%\?ér?gﬂjo%/ JM%t%rrferagg(::fzger‘rie eﬁr] m%\?’a‘%&f\gﬁgoal 69%% ﬂ%ﬂ%ﬁ% ons with
ot her t‘@t§1cﬁﬁmi’dt@“ﬂ>r'(ﬂheﬂ$&g§ﬁi@e@lﬁ§§@§méﬁﬂ fd}q\asﬁlwy DR§ickORH Bethd® of
physi cal and el ectrical properties of the germanium™or selenium remain
unchangediorfragiog]” theglisclosiepbt which isimorporatedaierdifibyhaferergea Aucurdihg tg of
row lines 110, 112, 114 and pit (colum) Il ines 116, 118, 120. At each

i nt er sectRgAeBPIAY cabosdiment of theipresephipentian s gsrmaiun:seraime slhsses farnisa s

nmenory c e 2) contains.an

T anst st aF Mg, AAEETEIPtAected bofta e of SEimaIbElInifR 45G aring

pr ogr ametdiehienieict that HEWiinQl REERbicARYN&fC fr&l{ fclu%\u@ &e088 '(Mtﬁ a

gl ass conposition of Se:Ge which is doped wth ‘Sui'tabie naterr al
conposi t imaxifgm a@nﬂ@p@ﬁeﬁ&@&ﬁ@ﬁhusaapewmmmmm1e§sa @oatiruatetcrd bed
in U S g?é)ééc .Qqn Serial No. Q9/941,544 entitl ed St0|ch|onetryfor
Chal ocog & MAyEBRM AtPPHC ReteRtpspel Asaehendons: ofaboyt 20%sidess) on,

t he di scl t by, refe di t
aneexéfrﬁ|a§?§‘51§%$§ha‘.y¥”ntb% B N SR I L e T
gl asses fprepiéRnts the fit silver (Ag) atomic percentage which is the maximum amount which

will keep the glass in the glass forming region.

[0020] A first terminal 150 of the programmable conductor memory element
126 is coupled to a common cell plate 128. One source /drain terminal of each access
transistor 124 is coupled to a corresponding bit line (e.g., 118) and another
source/drain terminal of each access transistor 124 is coupled to a second terminal 152
of the programmable conductor memory element 126. Further, each bit line 116, 118,
120 is coupled to a precharge circuit 130 so that the bit line can be precharged to one
of two predetermined values (e.g., at or approximately at Vdd and at or approximately
at ground), as will be described below. Also, a parasitic capacitance 132 is shown for
the column line (e.g., 118 of Fig. 1) which is utilized to write , for example, the
memory cell 122. The parasitic capacitance has a value of about 500 fF, though this

value may vary depending on bit line and memory array architecture.

[0021} Turning to Fig. 2, a schematic diagram of memory cell 122 is
depicted in somewhat greater detail. Bit line 118 is coupled to a precharge circuit 130
and also coupled to a first source/drain terminal of access transistor 124, as well as to
respective first source/drain terminals of a plurality of other access transistors. Access

transistor 124, as well as the other access transistors, are depicted as n-type
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as nenory elements are selected froma range of gernani um sel eni um gl asses
having stoichionetries that fall within a first stoichionetric range Rl

i ncl udi ngWO®38Ss82 (with a maxi mum atoni c percentage of AgTwsenmwoped of
about 30% or less) continuously to Ge28Se72 (with a maximum atom c
percentage of Ag when doped of about 20%or less) and which have the
general fornula (Gex1Sel-x1)1-ylAgyl, wherein 18< x1<28 and wherein vyl

t ' ' ' | t he maxi mum
ount i aip e arf okl denftae AA GRS Foldfe Bi6S0) A
first terwimstorl B0l gy ehdlybeogpROTRRi® LPRFPECCHIOTRABEN LR aE 1BHpLas he6 1S

coupled to a common cel| plate 128. One source/drain term nal "of each
access tepHigspanding ppluritics obthsl etdier compouente spd mditageshire niddified( e. g., 118)

d another source/drain terninal. of each access transjstor 124 is coupl ed
? 2 a sec&ﬁ‘borfiﬂ%'n%griﬁs?rmmalﬁh@ %Fﬁ‘i}?’éﬂﬁ’fﬁ‘ﬁp@ MArB Clemans AgOds eopie 1%20
Furt her, [%{m | , 8 ' oupl . . rge Ecuit
sgrt hg[ ttﬁgﬁgft |(%1de8§1aé‘|ﬁ%el%8}eéﬁ5€%gl Ot%é&(zr%&lggf Erﬁlvr\%l %ﬁ%@%ﬁ%é%n% %Le%f val ues

(e.g., atoapledppracetmd edrihindl ofdbe pfﬁkr&hnﬁ'bl@&ﬁfd@éwﬁh@ﬁﬁb?r Aen@hPung) . as
wi |l be described below Al so, a parasitic capacitance 132 is shown for

t he col u¥ memféoned apove \p@gsimmiable copdubior mésont élémerd] 26 mayitteamadd ofz;
exanpl e, nory.cell 122.. Th rasjtic capacjtance has val ue o
aboLTP 50&&{:&, cfﬁc&%ﬁuf%lgss "%lHFIEIég CfFE{/)cg\)’!é‘Flﬂr S’:!i"é:&etl’i%ﬁ %ﬂfo_cﬁr%m{riagl@ and nenory
array are¢hj 0 ' ' &-!" agr.am menory
cel l 1229?2&@%25%% %ricf@ I n svg%gévﬁlé%g é)trfg)zg@élfgry e afﬁl &%%ﬁgﬁ' %Jesg Jl.) fgm?%' gf(glﬁ pl ed
to a prephagramnsdble vohduddor meftbrikRt@@URLas chepled td h bRy 68l fhid 18
term nal of access transistor 124, as wel| as to respective first
sour ce/ dferiaplueadity efenadryaelld. uThe celyplote b rticacwes voltagensimsinal for Access

providing a predetermined voltage level (e.g., at or approximately at Vdd/2) to the cell

plate 128. A gate of each access transistor 124 shown in Fig. 2 is tied to a respective

row line 114. When sufficient voltage is applied to a row line, e.g. 114, an associated

access transistor 124 is turned on and conducting. The voltages of the row line 114, bit

line 118 and cell plate 128 are selected as described below to enable read and write

operations of programmable conductor memory element 126.

[0022] Figs. 3A and 3B, respectively, show a flowchart and voltage chart
describing a write operation for a memory cell 122 in accordance with an exemplary
embodiment of the invention. In this exemplary process flow, the following parameters
of the programmable conductor memory cell are presumed: i) that the voltage across
an element 126 required to write from a low resistance state to a high resistance state is
0.25V; (ii) that the current required is approximately 10pA; (iii) that the voltage across
an element 126 required to write from a high resistance state to a low resistance state is
—0.25V; (iv) that the current required is approximately 10pA; (v) that the low resistance
state is approximately 10KQ; and (vi) that the high resistance state is any value grater
than 10MQ. It should be readily apparent that alternative parameters may be selected

for the PCRAM cell, depending on the material composition and size of the
7



transistor 124, as well as the other access transistors, are depicted as
n-type 6 WO 03/054887 PCT/ US02/ 40078 conpl enentary netal oxide

sem conduwDmB/0§48R10S) transi stors. However, access transi PCarust24oonzay
easily be replaced with a p-type CMOS transistor as long as the

correspondi ng polarities of the other conmponents and voltages are nodified
accordingly. Afirst termnal 150 of the programmable nenory el enent 126 is

coupl ed 1@%24 Igemciﬁ@édr b a&%enﬁﬁ@%ﬂfb 2bR &frfg,}rmhdof

transi st or coupled to a second terr r ogr anme

conduct orscopeof thesneeriin. 126. As nenti oned above, prograrrmabl e conduct or
menory el ement 126 may be made of a GCe: Se chal cogenide glass which is
doped vvith ther prograrmabl e conductor materials known to
t hose of or d%‘ﬁy skl rﬁngH@Fégt Arand igs & By &he waige pmasess brgingrasipregsse

conduct org, I S S ed toa cell. Iate 128, .fo
plurality® nergfggygggﬁ%n&&%qz ceelol?%lflg’t @8 1@&%?1??9 Y Drschygsd t8rafn nal
for — prowirdippeoamatefiet @i GRD/e} VageddRyaln &%e&?efr tRE cAPR:&pemat el y at
Vdd/2) to the cell 'plate 128. A gate of eachh access transistor 124 shown
in Fig. Zrograpmed tt@aéngtesqmmcvetaw omtd 4 loaw tekibrandbemts ulfitheicelbis goahg age i s

applied tqg.a row |ine, 4. an associated access transistor 124 is
t ur ned or?olgﬁla IEBTRRCEHE: S‘Fﬁéﬁ"db}ttlﬁﬁelsl%ﬁeqdﬁéo bswrechasgerhto gionnd, adhi 118

d |1 d bl d d
oper at i otht B s Eke AR AN b 25 T e do f@%f%?f%@fi%@ Ggn °
and 3B, I 9?6)&:‘{13{61/}5 atSVad Bif IRV stpredidrydd (A reﬁ@é%rnfﬁunééie\&ﬁfa g a

wite operation for 'a nenory cell 122 |n accordan e wth an exefpl ary
precharge circuit 130, respectively coupled to bit line 118. For purposes of this

exemplary description, we will assume the bit line voltage is V1, the voltage drop across
the access transistor 124 is V2, the voltage across the memory element 126 is V3, the
cell plate voltage is V4, and the word line (transistor 124 gate) voltage is V5, as shown
in Figure 3B. We will also assume that Vdd is 2.5V. Accordingly the cell plate 128 is
tied to a predetermined voltage of V4, which is at or approximately at Vdd,/2, e.g.
1.25V. Note the programmable conductor memory element 126 has reversed voltage
write polarities V3 depending on whether a memory element is written to a low
resistance state where V3 = —.25V or to a high resistance state where V3 = .25V. Also, a
write to a high resistance state is also considered an erase operation. Accordingly, if the
cell 122 is going to a low resistance state, then it is necessary to precharge the bit line
118 to at or approximately at Vdd. But if the cell is going to a high resistance state,

then the bit line 118 needs to be precharged to at or approximately at ground.

[0024] Once the bit line is precharged, a selected row line is fired at process
segment 304 by applying a predetermined voltage V5 to that row line. Process segment
300 also shows the cell plate being held at or approximately at Vdd/2. In this example,
a predetermined row line voltage V5 of at or approximately at 2.5V (Vdd) is sufficient
to turn on the access transistor 124. Since V1 = 2.5V, V4 = 1.25V, and the voltage



enbodi nent of the invention. In this exenplary process flow, the follow ng
paraneters of the progranmabl e conductor nenory cell are presuned: i) that
the vol t ago caos438% an el enent 126 required to wite fromraTiupaz/um®ss st ance
state to a high resistance state is 0.25V; (ii) that the current required
I s approximately 10(err)A; (iii) that the voltage across an elenent 126
required to wite froma high resistance state to a |ow resistance state is
-0.25V; (| j . | S ' ely re) A (v) that
the T ow 1 oV ZRErd S it Rl S8R RRBI 1 VORI Yo bR b epdelatn
resi st anc erafi$i@be). i Bhis Iavesd U6lealieV 8 of .35 \RAcrdOMiR hdmokh! clehent 2o ¥hi@adi | v
apparent that alternative paraneters nmay be selected “for the PCRAM cel |,
dependi ngswhcienetonprrogrimlit Fompobigh msisanc: & o oistanee FtaWDod k€54 887

PCT/ US02/ 40078 . pro ram*ragl e conductor nenory el ement 126, w thout

departi ngP’fCP'WltylPéogfﬁ“?’?’F 1oV resigtanse SEAte {Mact. nvent i on. [ 0023] Referring to
Fig. 3A and Fig. 3B, the wite process begins at process segnent 300 At

segnment 302,robhher bit Iy {i igtsc L o By b L1 al |y to at
or appr oxi ma[tel y] at eilgﬁgb%e(}?S\%h%&gaé%éﬁ Pr}gl %ﬂéwgfh%ﬁpﬁgﬁgggéﬁ%gﬁds to
be progr aamethetwltagbidgtp Vasicsdnhie nahsister & agprodmatily [B¥] theAMBE vslkateev3 | f
the cell is going to a hi ?h resi stance state, then the bit |line 118 needs
to be pretEaBdeemory gewent 126 in-1.05Vi whichels buffisiegotmpragram it fanr edivet ance
state, then the bit.li,ne needs to precharged to af or approxi mately at
vdd. Bit TPRENGe 7 bigh ‘@E‘ﬁ%%ﬂtafeo{)agoﬁ%ﬁég Fr39eHOR e ARreVioRsly pr echar ge

circuit IS 3PE Hi Y : bit line 118. For purposes of this
exenpl ar ?%ggé@?lpt ?{%% %%t%ﬁ?ﬁkaggg{&%% the bit line voltage is V1, the
vol t age drop across

[0026] Process segment 308 indicates that the applied voltage across the

memory element 126 which is discharged through the memory element to write the
selected resistance value therein. By using the parasitic capacitance 132 of the bit line
118 to hold the precharge voltage, the need to drive the bit line 118 with a transistor
connected to a voltage source is obviated, reducing current consumption during a write
operation. Finally, at processing segment 310, bit line 118 at the end of the write
operation voltage settles to a value which is less than the applied cell plate voltage V4,

€.g. < at or approximately at Vdd /2.

[0027] In order to read the contents of the memory cell 122, or more
specifically, in order to read the resistance of the programmable conductor memory
element 126 of the memory cell 122, a voltage difference of less than + 0.25V is applied
across the programmable conductor memory element 126. For example, a voltage of
.2V can be used for a read operation. This can be achieved by suitable selection voltage
during a read operation. For example, a bit line 118 voltage V1, of 2.45V and a voltage

drop V2 of 1 volt will produce .2 volts across memory element 126.

[0028] Referring now to Figure 4, a memory array 400 employing a plurality

of programmable conductor memory cells 122 is shown comprising parasitic

9



the access transistor 124 is V2, the voltage across the nenory el enent 126
Is V3, the cell plate voltage is V4, and the word line (transistor 124
gate) volwege/ss8¥5, as shown in Figure 3B. W will al sorasdisop4donat Vdd
is 2.5V. Accordingly the cell plate 128 is tied to a predeterm ned voltage
of V4, which is at or approximately at Vdd/ 2, e.g. 1.25V. Note the
programmabl e conductor nenory el enent 126 has reversed voltage wite

olariti i : [ | . w
Fos; st ancalaafePtas; S alaElpGfiof SEGN JiubE 50, THUEE LER GV -
. 25V. Al glescribedvwith eeferenae b G, 1 ¢0i6 tiawteSlefiréndesnahb& SRNGilldgitast an er ase
operation, Accordingly, if the cell 122 is going to a | ow resistance
state, t Keperibed; kerpeCapacitar k3¢ ipnddeditqthe dadumintline N toli®vide adtlitornal
approximately at Mdd. But..if the cell is ing . to i gh resi stance state,
Fhon t no hractefte. ¥ prdiic cabpitate e ik GRumRdie 6] Snpremlsmeredt
round. i i ' | gng[ ed, I ine is
19 ired at [ E% lecsl%lggég%girsl?l 0%85. ang p %/tlflng ﬁl pt(rz)eS gﬁezt?l%i)%ée%%\/%ﬁ%e{{gagQVS to

that rowHéme, oRkt ot esse adgditivnil capabiters 1843AWe prbadeghs npdddeobgiviritehel d at
or approximately at Vdd/ 2. In this exanple, a predeterm ned row |ine

vol t age Ppewtion: biansigrer d2Prinerdblechprior ®\ox ardhy tinge ofif prechengt opemticurto on
the access _transistor 12 Since VI _= 2.5V, V4 = i 25V, and .the voltage 8
WO 03/ 0558BRIC OEF QUHITE CagacRrs 534 £0 Hg bif ae 4d 8 SAftaranytifesoRsratian,
appr oxi mgt,gl; |5 - X0 t ' f r. RS St Thi s
obves atuartiol 29Gb el cof 2% ikeBb e 3 SpAAERCLOM b PR B3 m JFF

suf fi ci end nboimedepeanh thd ﬁﬁﬁh?ofibﬂfér operatibafleLtHeank MWy £FhSI@MCEe Sstate, or
keep a previously programed [ ow resistance state intact.

[0029] Fig. 5 illustrates a block diagram of a processor system 500 containing
a programmable conductor random access semiconductor memory as described in
connection with Figs. 1-4. For example, the PCRAM memory array 100 described in
connection with Figs. 1-4 may be part of random access memory (RAM) 508 which
may be configured as @ plug-in memory module. The processor-based system 500 may
be a computer system or any other processor system. The system 500 includes a central
processing unit (CPU) 502, e.g., a microprocessor, that communicates with floppy disk
drive 512, CD ROM drive 514, and RAM 508 over a bus 520. It must be noted that
the bus 520 may be a series of buses and bridges commonly used in a processor-based
system, but for convenience purposes only, the bus 520 has been illustrated as a single
bus. An input/output (I1/0) device (e.g., monitor) 504, 506 may also be connected to
the bus 520, but are not required in order to practice the invention. The processor-
based system 500 also includes a read-only memory (ROM) 510 which may also be
used to store a software program. Although the Fig. 5 block diagram depicts only one
CPU 502, the Fig. 5 system could also be configured as a parallel processor machine for

performing parallel processing.
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[0025] If the bit line 118 is precharged to VI at or approximtely at
ground, and the voltage drop V2 across the transistor is approximtely
.2V, therwDhe/094381 age V3 across nenory el ement 126 is - 1POFNjSoimoch i s
sufficient to programit froma |low resistance to a high resistance state
(also terned an erase) or keep a previously progranmed high resistance
state intact. [0026] Process segnent 308 indicates that the applied voltage
across the [oB30Y Y el ePRM thk i hd j t I[H;[Tﬂ

el ement to \gvri te the selecte VérMeﬂy stdgﬁoggh\?faé%%&?ﬁgrdg?%% f/ﬁlﬁgcl ng té

par asi t i prefepadiensnaimtas lafowher thettithé fieshcil@ beGeddilyduridiestos@ elharche
vol t age, the need tob'g{ii\é? &rﬂe[dgg'imlé]ne 1£@V\A’th£ tra?hsi.stor connected to
a vol t agel&siionds pet §ayiesl todthe disglastd gmbodiments c Kasharpthiednveuiamepnabenr i t e
operation, FEinall at _processing segnent. 310, bit line 118 at the end of
tﬁe write" 0%”8855??(%%% Aoy glélP?’F{agPYaglatle{}gﬂa&fgrmﬁq%gﬂl}l@ggs Phan the
aopL 1 d eBbhvaRhELRBLAARS it ncrore AeRln0l RRUGKS TR S Pha Vi) Gin  0027)
speci f i cah¢ ypirit andscgre dfirhe éakntion. rEﬁicihmpD:emﬁoﬁglﬁ’diH pgémakiscbeegnduct or
menory e en%nt 126 of the nenory cell 122, a voltage difference of |ess
than + 0dssppbed ingpnpegtiomwithspedifieveltamslayaia i séawbgquadﬂy appucyt dlaenent

126. For anpl e,, a_ vol. e of .2V gan .pe,used for a read eration. This
can be aé’ﬁﬁ%é/g;fgv‘gw%rﬁiér‘?ﬁggt g@“e%’f’?% C%?HBF%S‘E””HE% hfgua“ﬁe%@goad@%%gﬂ € For
exanpl e, jiveBtibn/Ha8Bedd 8edtPibka 98 cYhneonwi g&f}!ﬁ i of 1
volt will Sr odﬁcé1 .S volets acrogs rr%cﬁioglémglﬁgs nt %%Ql%%géﬁlgﬁgﬁéoﬁi ng now
to Fi gur elemena 126ntiar palarity dberepteyd rguhting iardiffedent volkagerioglabemg! e
conductor nenpry cells 122 is shown conprising parasitic

applied to'the transistor, cell plate, and digit line for a write operation as understood by

those skilled in the art. Accordingly, the invention is not limited by the foregoing

description or drawings, but is only limited by the scope of the appended claims.
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9 WD 03/054887 PCT/ US02/ 40078 capacitance 132, as well as a capacitor 134
and transistor 136. Those itens previously described with reference to

Fi g. 1 havwotohesssane ref erence nunber and will not be desecCThsd/inmere.
Capacitor 134 is added to the colum line 118 to provi de additional
capacitance if the parasitic capacitance on the colum line 118, for
exanpl e, provided by capacitance 132, is not sufficiently high enough to
store the precharge voltage. Hence, one or nore additional capacitors 134
can be provi déWhatgs plesded af new andudiesiced wpler privitanted By destiesst Raterdt3 the enabl ed
prior to or at the tine of a precharge operation to couple one or nore
added UapediStaiesis134 to the bit line 118. After a wite operation,
transistor 136 is turned "off" to keep the extra capacitance off the bit
line 118 in order to not interfere with the timng of other operations of
the menory brray fegshoddopwritinggo agnempgselement saidonethedgiomprismst a
processor system 500 containing a programmabl e conductor random access
sem conduct or yenory as described in . connectionwth Figs.. 1-4  For .
exanpl e, t%cmwﬁﬁm@i QP bish Vol e At ypees PHRBMEIHORFYL. 1- 4
may be part of random access nenory (RAM 508 which may be configured as a
pl ug- i SPEBRONPYoUpReitanTh associstwkwih shidsoddegtorem 500 may be a conput er
system or any other processor system The system 500 includes a central
processing unit., (CPU) 502, e.g., ,a mcroprocessor, that comunicates with
fl oppy di sl{souﬂh‘éé pregranyppiePRAvcer sreamory slenpeny betseesy wid frssyeltageon | ¢
must be noted that the bus 520 may be a series of buses and bridges

comorshiyl asselhciar aadpr ecesd eolthgeswedwrisys predetebminddresisanvestaeriagajplur poses
only, the bus 520 has been illustrated as a single

memory element.

2. A method as in claim 1 wherein said first voltage is higher than said second

voltage to write a predetermined resistance state in said memory element.

3. A method as in claim 1 wherein said first voltage is lower than said second

voltage to write a predetermined resistance state in said memory element,

4. A method as in claim 1 wherein said associated capacitance comprises a

parasitic capacitance of said conductor.

5. A method as in claim 1 wherein said associated capacitance comprises a

capacitor coupled to said conductor.
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bus. An input/output (1/0O device (e.g., nonitor) 504, 506 may al so be
connected to the bus 520, but are not required in order to practice the

i nvent i orwoTh®s4s8Dcessor- based system 500 al so i ncl udes &cmamsdz2/enly nenory
(ROM 510 which may al so be used to store a software program Although the
Fig. 5 bl ock diagramdepicts only one CPU 502, the Fig. 5 systemcould

al so be configured as a parallel processor nachine for performng parallel
pr ocessi ng. 610 VR ARHORISGH REH LSHRIARIAR asdoRRAR] capibnck N nlghueny | on has
been described in detail in connection with preferred enbodi nents known at
the tine, it should be.readily understood that the, invention is not

[ t e HAE SRPIHRRP S SEHL RN AR 3 RGP Cqupled 1R FRRCUSAS. be

nodi fied to incorporate any nunber of variations, alterations,
substitutions or equivalent arrangenents not heretofore described, but

whi ch are commensurate with the spirit and scope of the invention. For
exanpl e, al Though mithddmsdntclaim hwbheroie spid geegmineablé pondimtectneniorn t h
specific voltage levels, it should be readily apparent that voltage |evels
very delefirbetcdupitl tNQREcSIREfEODBHABIAE AR eH ral§fdr. Al SO, al though the
i nvention has been described in connection with a specific polarity for the
menory elenent 126, that polarity may be reversed resulting in different
voltage | evels being applied to the transistor, cell plate, and digit lLine

for a witegopergati S t : illed in the art.

Accor di ngl yé,;' theﬁilﬁgglgﬁaggﬂggirﬁc%)%%% %@ggs(%tvﬁiéaéeol &48f ﬁ%proé]é%%tﬂypﬁti on or
drawi ngs,, byt is only limted by the scope of the appended clains. 11
n%dd ang said second voltage is Vdd)}Z. P PP

9. A method as in claim 3 wherein said first voltage us ground and said second

voltage is at or approximately at Vdd /2.

10. A method as in claim 1 wherein said conductor is a bit line associated with

said memory element.

11. A method as in claim 1 wherein said memory element comprises a

chalcogenide glass memory element.

12. A method as in claim 11 wherein said chalcogenide glass memory element

comprises a germanium:selenium glass composition which is doped with silver.

13. A method for writing a semiconductor memory cell, the method comprising:

13



WD 03/ 054887 PCT/ US02/ 40078 What is clainmed as new and desired to be
protected by Letters Patent of the United States is: 1. A nethod for
witing twOa3messeTy el ement, said nmethod conprising: pre®cargogoas
conductor to a first voltage value, said first voltage being held on said
conductor by a capacitance associated with said conductor; coupling a
programmabl e conductor nenory el enment between said first voltage on said

conduct or armpplyisgadinst preddtagrined volthgetona fifse eahtindtiofacroginghaslee state in
said nenory element. 2. A nethod as in claiml wherein said first voltage
i's hi ghehdt S&h . voltage to wite a predeterm ned resistance
state in sa?%?nemgvscg?rgﬁgtﬁt. 3. Anethod as in claim1 wherein said first
voltage is lower than said second voltage to wite a predeterm ned

resistance shafging B bielikk GBI BRIy Gt whichAaltBileRbriSell Bel%hgé 8 3 s gﬁei n

sai d associ ated capacitance conprises a parasitic capacitanc sal

conduct, %dc 5 A (rénéa,%)l}od as. in‘_eglL“?Bm.l wherein sai d associ at ed cg}ggci t ance

conpr i SELIAIRIES &S SHat Ag B PAGRGSepicitagee FLefss f8G secon

PCT/ US02/ 40078 6. A nethod as in claim1 wherein said associ at ed
capaci tPé‘?ftCéef@@ﬁpﬁil\@kég@i parasitic capacitance of said conductor and a
capacitor coupled to said conductor. 7. A nethod as in claim1l wherein said

rogrammabl e _conduct.ar, nenpry .
prog appl(})rmg 5 third predetc%mmed voltage to a gate of a transistor to enable said

transistor and couple said bit line to a second terminal of said programmable conductor

memory element; and

using a voltage across said memory element when said transistor is enabled to

establish a resistance state of said memory element.

14.  The method of claim 13 wherein said second predetermined voltage is

greater than said first predetermined voltage.

15.  The method of claim 13 wherein said first predetermined voltage is greater

than said second predetermined voltage.

16.  The method of claim 13 wherein said voltage across said memory element is

discharged through said memory element to establish said resistance state.
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el ement is coupled to said conductor by enabling an access transistor. 8. A
nmethod as in claim2 wherein said first voltage is at or approxi mately at
Vdd and swod3sesend voltage is vdd/ 2. 9. A nethod as in clpairmis82/4dees ei n
said first voltage us ground and said second voltage is at or
approximately at vdd/2. 10. A nethod as in claim1l wherein said conductor
is a bit line associated with said nenory elenent. 11. A nethod as in

claim1 wherlgi.n SERSMEENBY Yf EhieATEB bwifePER shidlSfrsCpredORHGRRAN G 8 kst Hr TENDT Y
el enent. 12. A nethod as in claim1l1l wherein said chalcogenldg gl ass nenory

el enent rj mapi_um sel eni u | ass conposi.tion which is, doped
wi th sPORRImiety sk Vadradfd spd pprand bredeuminedales s sratapprodmpiely

met hod _copprising: 13 WO 03/054887 PCT/ US02/ 40078 applying a first

pr edet ‘ned voltage to a first termnal of a programmable conductor
menory el enment; charging a bit line of a menory array to which said nenory
cell belongs to a second predeterm ned voltage, said bit line having a
parasitic capacitance which stores said second predeterm ned voltage;

appl yi ng a tl8i r d Tiradetheidnofiedny b3 d@ecih 6aid Mt Re@teninednelagOls ik orenabl e
said transistor and couple said bit line to a second term nal of said

P ogr agpBRkin KRR IR /2 BRIV s&loAIE b de@ined voltage is at or approximately at

ground.

19.  The method of claim 13 wherein said act of applying a first predetermined
voltage comprises coupling a cell plate, to which said first terminal is coupled, to a source

of said first predetermined voltage.

20.  The method of claim 13 further comprising the step of selectively coupling at

least one capacitor to said bit line to store said second predetermined voltage.

21.  The method of claim 20 further comprising enabling a transistor to

selectively couple at least one capacitor to said bit line.

22.  The method of claim 13 wherein said parasitic capacitance has a value of

about 500 fF.

23.  The method of claim 13 wherein said programmable conductor memory

element comprises a chalcogenide glass.
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using a voltage across said nenory el ement when said transistor is enabled
to establish a resistance state of said nenory elenent. 14. The net hod of
cl ai m 13 woaseb4s8tai d second predeterm ned voltage is gr@ardrsoy/mans sai d
first predeterm ned voltage. 15. The nmethod of claim 13 wherein said first
predeterm ned voltage is greater than said second predeterm ned voltage.
16. The nmethod of claim 13 wherein said voltage across said nenory el enent

is discharged thpoughhSdif HRIDEYyiedeiBaid élﬁl@g%ﬁi‘dbic%ms e8inpris@si Ge:sece
state. 14 WD 03/054887 PCT/ US02/ 40078 17. The nethod of claim 13 wherein

said first predeternmned voltage,ig at or approxinmately at Vvdd/ 2 and said
seconcglﬁséﬂ’g“t@rsm%@“‘f Méggﬁ g"tgtsa%‘?r' approxi mately at Vvdd. 18. The met hod
of claim 13 wherein said first predeterm ned voltage is at or

approximately at vdd/ 2 and said second predeterm ned voltage is at or
approximately at ground. 19. The nethod of claim 13 wherein said act of
appl ying a EKrstAm@de@fmpﬁ@@mg\mm@@éY edhsridguethed sommiling cel | plate, to
which said first termnal is coupled, to a source of said first

pr edet er mi ned vol t age, . i‘I%F Thz,trrret hod of claim 13 further conprising the
step of selR¥eeharging 4B bine 49 2dirst Yles one capacitor to said bit line to
store said second predeterm ned voltage. 21. The nmethod of claim 20 further

conpri sing ff)rf)"fly%!g 19eordd %ﬁ?a'g%ttf} 2 ir§ terminal of a chalcogenide memory element; and

connecting a second terminal of said chalcogenide memory element to said bit line
to produce a voltage across said memory element sufficient to write a predetermined

resistance state into said memory element.

26. The method of claim 25 wherein said second voltage is greater than said first

voltage.

27.  The method of claim 25 wherein said first voltage is greater than said second

voltage.

28.  The method of claim 25 wherein said first voltage is held on said bit line by a

parasitic capacitance.

29.  The method of claim 25 further comprising selectively coupling at least one

capacitor to said bit line to receive and store said first voltage.
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selectively couple at |east one capacitor to said bit line. 22. The nethod
of claim 13 wherein said parasitic capacitance has a value of about 500
if. 23. TWoe mwes438T of claim 13 wherein said programuabl e ®omdisor/er7srenory
el enment conprises a chal cogeni de glass. 15 WO 03/ 054887 PCT/ US02/ 40078 24.
The net hod of claim 23 wherein said chal cogeni de gl ass conprises a Ge: Se

gl ass conposition which is doped with silver. 25. A method of operating a

menory cel | 30sai $heahB@dCsrainSINLirthd? cBfipMsHg \ShbRatthd a kdaBGstbPra first
vol tage; applying a second voltage to a first term nal of a chal cogenide

menory _glenent: and .connecting a second .t.er.m.nal of said chal cogenide
nenorysgf:@g&dqug%s?ﬁl%aﬂé Sthnr?gcap?cdtoﬁgfﬁaﬁég”'é | tage across sai d nenory

el enent sufficient to wite a predeterm ned resistance state into said
menory el ement. 26. The nmethod of claim25 wherein said second voltage is
greater than_said first voltage. 27. The nethod of claim25 wherein said
first voltagé- i s Theanetdpdiofgrimadywheresnspid b linggeas agmrasiticecappsitenge & cl ai m
25 wherein said first voltage is held on said bit line by a parasitic
capaci tbtee50®E. The net hod of claim 25 further conprising selectively
coupling at |east one

32.  The method of claim 25 wherein said chalcogenide memory element

comprises a Ge:Se glass composition doped with silver.

33.  The method of claim 25 wherein said connecting further comprises enabling

a transistor to connect said second terminal to said bit line.

34.  The method of claim 33 wherein said transistor is enabled by a word line

voltage applied to a gate of said transistor.

35. A memory structure comprising:
a conductor having an associated capacitance;

a precharge circuit for precharging said conductor to a first voltage, said first voltage

being held on said conductor by said associated capacitance;

a programmable conductor memory element having one terminal connected to a

second voltage; and
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capacitor to said bit line to receive and store said first voltage. 16 WD
03/ 054887 PCT/ US02/ 40078 30. The method of claim?29 further conprising
oper at i ngwe o/s4887 stor to selectively couple said at | eastrCansSovapagitor to
said bit line. 31. The nethod of claim25 wherein said bit line has a
parasitic capacitance of about 500 fF. 32. The nmethod of claim25 wherein
sai d chal cogeni de nenory el enent conprises a Ge: Se gl ass conposition doped

with silver ang ﬁeﬂgﬁ'&imggc&ive &ijﬁg JWBES R &5&@&9 of 908 564th lélb&ﬁh‘i'@.r

conprises ena a transistor to cofinect said second termn to said
bit line. 34. The nethod of claim 33 wherejin sajd tragnsistor is bl ed by
a wor dtq $ covgwa@éal%méaiewse snéoim Brd Gt and recpaddplaecsis csiblidhar y
structure conprising: a conductor having an associ ated capacitance; a

pr echavgleagei aceess saifl prograanhallgiclegnsrisdfficiend ve peogram said mestory elenzge tosai d
first voltage being held on said conductor by said associ ated capacitance;

CebongPPT AneEHeE AU b0 BBt Ba8 Pe) Usozl 0076 | an access dovice for

selectively coupling a second term nal of said nenory el enent

36. The memory structure of claim 35 wherein said access device is a transistor.

37. The memory structure of claim 35 wherein said precharge circuit supplies a
first value as said first voltage to program a higher resistance state into said memory
element and a second value as said first voltage to program a lower resistance state into said

memory element.

38. The memory structure of claim 37 wherein said first value is at or
approximately at Vdd, said second value is ground, and said second voltage is at or

approximately at Vdd /2.

39. The memory structure of claim 35 wherein said associated capacitance

comprises a parasitic capacitance of said conductor.

40. The memory structure of claim 35 wherein said associated capacitance

comprises at least one capacitor coupled to said conductor.
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to said conductor, said access device enabling said first and second

vol tages to establish a voltage across said programmbl e el enent

suf fi ci erwotos/oprssyr am sai d nenory el enment to one of a hi gogrusanaorower
resi stance state. 36. The nmenory structure of claim 35 wherein said access
device is a transistor. 37. The nenory structure of claim 35 wherein said
precharge circuit supplies a first value as said first voltage to program

a hi gher regj st af'ﬁ@n?érﬁ‘&? swk&@@fqlaﬁﬁwwh@ﬂeﬁmm 1308 ds@paii@nval ue as
said first voltage to programa |ower resistance state into said nenory

element. 38. The nenory structure, of erein said first lue is

at or COIPPRGRARATBIYF GPAVHECC & FaddsCQB@ﬁ‘%O{/3?%8%%“&’&%8“1%%&03% g%g econd
voltage is at or approximately at VvVdd/ 2. 39. The nenory structure of claim
35 whenid comshictbrassoci at ed capacitance conprises a parasitic capacitance

of said conductor. 40. The nmenory structure of claim 35 wherein said

associ at ed capacitance conprises at |east one capacitor coupled to said
conductor. 18 WD 03/054887 PCT/ US02/ 40078 41. The menory structure of

clai m 35 wheg ei NTEnftrdG§eehuehie of 2Pafi5anEerciid toedudopBhdit ineand
capaci tance of said conductor and at |east one capacitor coupled to said

conduct o 42 ., The truc ure of Ial erein said conductor is a
bit |if J%fﬁass dézgicg E‘gag)égdg gage a%Pa kLG r%gpdl\{@ol tage applied to a word
i ne.

43.  The memory structure of claim 35 wherein said memory element comprises a

chalcogenide glass memory element.

44.  The memory structure of claim 43 wherein said chalcogenide glass memory

element comprises a Ge:Se glass composition which is doped with silver.

45. A semiconductor memory comprising:
a bit line having an associated capacitance;
a programmable conductor memory element having first and second terminals;

a precharge circuit for precharging said bit line to one of two possible voltage values
depending on a desired state of resistance programming of said memory element, said

associated capacitance holding a precharge voltage value on said bit line;

a cell plate coupled to a first terminal of said memory element for supplying a third

voltage value to said first terminal; and
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43. The nenory structure of claim 35 wherein said nenory el ement conpri ses
a chal cogenide gl ass nenory el enent. 44. The nenory structure of claim43
wher ei n swod3ok@BTogeni de gl ass nmenory el ement conpri ses PATESIB#000$ ass
conposition which is doped with silver. 45. A sem conductor nenory
conprising: a bit line having an associ ated capacitance; a programuabl e
conductor nenory el enent having first and second termnals; a precharge

circuit forapheechfrihiidosfsfomie do IWolta@e Onea Wbrd Whe RAISElcltifely 8biplRy Val ues
depending on a desired state of resistance programm ng of said nenory

el ement . i,d .associated. capagi tance hol di a_precharge val tage val ue on
o a0 o P &R0 GRRRH 1 25RO PlpRpbiE iR 5 8%5nle:

el ement for supplying a third voltage value to said first termnal; and 19
WO 03/ SIsUREY tPETEWSTREA0TT basesrom theesitage anlues omsaid esh it wed by linevol t age
on a word line for selectively coupling said bit Iine to said second
termnal of said nenory elenent to programsaid nenory elenent to a

resi stance state based on the voltage values on said cell plate and bit

line. 46. Zbe sThtseomitoatattorenanhyryddf dtdigi 48 “herdirebae bf sa@ twb posdibllet Wo
possi bl e voltage values is higher than said third voltage val ue and the

s | s i'sh | > val ue and thy
val e, TR AL MERS! hef sl ARG VAR, by MR L BRCH RS it Yoy °9°

capaci tance conprises a parasitic capacjtance of said conductor.
P voltage valuesr.rll)s lower thanpsalc? third voltagg value.

47.  The semiconductor memory of claim 45 wherein said associated capacitance

comprises a parasitic capacitance of said conductor.

48.  The semiconductor memory of claim 45 wherein said associated capacitance

comprises at least one capacitor coupled to said conductor.

49.  The semiconductor memory of claim 45 wherein said associated capacitance
comprises a parasitic capacitance of said conductor and at least one capacitor coupled to

said conductor.

50. The semiconductor memory of claim 48 further comprising a switching

device for selectively coupling said at least one capacitor to said bit line.

51.  The semiconductor memory of claim 49 comprising a switching device for

selectively coupling said at least one capacitor to said bit line.
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48. The sem conductor nenory of claim45 wherein said associ ated

capaci tance conprises at |east one capacitor coupled to said conductor.
49. The swoiocossdsrt or menory of claim45 wherein said ass®ciratsezi40078
capacitance conprises a parasitic capacitance of said conductor and at

| east one capacitor coupled to said conductor. 50. The sem conductor
menory of claim48 further conprising a swtching device for selectively

coupling sagsl atThe ?&ﬁic@ﬁlﬁu&%lf) RL &Y drelaffidd Whéreln $d nfelorfRément

sem conductor nenory of claim49 cofprising a switching device for
selectively coupling said, at | east pne capacitor to said bit line. 20 WD
03/054%%?9%%ﬁfﬁ éﬁ?éﬁﬁa%gh§§vm?H5Y§§HFf nduct or nenory of clai m45 wherein
said nenory el ement conprises a chal cogenide glass nenory el enment. 53. The
sem conductor nmenory of claim 52 wherein said chal cogenide glass nenory

el enent conggises a Ge: Se glass conposjition which is doped with silver. 54.

The menory c| ‘Bhersemiconduesonmemaery of cliim52cwhersiicsaid fealcogeaide glasue of
about 500 W 55. A nenory cell conprising: a chal cogeni de nenory el ement

havi nambinos§ cRAEnS e6MPeisésed Gle!¥a! ghiss c8mipoEisibn WHTEH 3 ddpeel with silvegui t f or
selectively precharging said first nenory line to either a first or second
vol t age;

54. The memory of claim 47 wherein said parasitic capacitance has a value of

about 500 {F.

55. A memory cell comprising:
a chalcogenide memory element having first and second terminals;
a first memory line;

a circuit for selectively precharging said first memory line to either a first or second

voltage;

a circuit for supplying a third voltage to the first terminal of said chalcogenide

element; and

a device for switchably coupling the second terminal of said chalcogenide memory
element to said first memory line after said first memory line has been precharged, said
device causing a voltage to be applied across said chalcogenide memory element sufficient o
write one of two predetermined resistance states in said chalcogenide element depending

on which of said first or second voltage is precharged on said memory line.
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a circuit for supplying a third voltage to the first termnal of said

chal cogenide elenent; and a device for switchably coupling the second
term nal wbosasgsthal cogeni de nenory elenent to said fir CTrESouop7$ i ne
after said first nmenory |line has been precharged, said device causing a
voltage to be applied across said chal cogenide nmenory el enent sufficient o
wite one of two predeterm ned resistance states in said chal cogeni de

el enent de di n j i i : : i ed
o oad ool | hetfgler? Guipor Aahfes WiRlcRtiATARA oI RURAGPLRERAE OS]

claim55 wherein said third voltage is between said first and second
voltagé§d5§?mdﬁﬂyﬁﬁﬁmry cell of claim55 wherein said nenory line further
conprises a parasitic capacitance for holding an applied precharge

vol tage. 58. The nenory cell of claim55 further conprising at |east one
capacitor coupled to said nmenory line to receive and hol d said precharge
vol t age. 5957The Tiermemocetdll off claimd mwhsrdinsditl enemorydinesfumthen comptisdsiang
device for selectively coupling said at |east one capacitor to said nenory

l'ine. BQrasitio@apRiMAAYe Rfr HldinEan Apphed BlRhedkdolBpRry | ine has a parasitic

capaci tance of about 500 fF. 61 The menory of c¢laim55 wherein said

chal cogeni de nenory el enent conprises a germani um sel eni um gl ass

conposition which is doped with silver. 62. A processor system conprising:
58.  The memory cell of claim 55 further comprising at least one capacitor

coupled to said memory line to receive and hold said precharge voltage.

59.  The memory cell of claim 58 further comprising a switching device for

selectively coupling said at least one capacitor to said memory line.

60. The memory of claim 57 wherein said memory line has a parasitic capacitance

of about 500 fF.

61. The memory of claim 55 wherein said chalcogenide memory element

comprises a germanium:selenium glass composition which is doped with silver.

62. A processor system comprising:
a processor; and

a semiconductor memory coupled to said processor, said semiconductor memory

comprising:
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a processor; and a sem conductor nenory coupled to said processor, said
sem conduct or nenory conprising: 22 WO 03/054887 PCT/ US02/ 40078 a
conduct orwbamiosgsan associ at ed capaci tance; a precharge ciPCTUiSn2/4mrs
precharging said conductor to a first voltage, said first voltage being
hel d on said conductor by said associ ated capacitance; a programuabl e
conductor nenory el enent having one term nal connected to a second

vol tage; ang gidat6ehsvilguhaSsobRted&ipa&itineg] Y coupling a second term nal of
said nenory elenent to Said conductor, said access device enabling said
first and second voltages to establish a voltage across said programrmabl e
el enent suf § padchaigetdircpitdr prachaigihgreio cyndiceoent a fisst vohiegagkaid firstglodtagand

| ower resistance state. 63. The processor system of claim 62 wherein aid
acces sy hEf bf sild bABALSE 8y saidUsachiies IfiERARAT system of clalm 62
wherei n sdid precharge crrcurt supplies a Irst’value as said first

vol tage to program a higher resistance state into said nenory elenent and

a second vaj geogiemeditle EoM@ictyOmkAdRy ERnRRNO BhARL dnleA8BhinaB&dEleattclaost at e
into said nenory elenent. 65. The processor syStem of claim 64 wherein

said f%rst g@ﬁuqris at or approximately at Vvdd, said second value is at or
approx? ﬁg?%l % ’G‘Pgund, and said second voltage is at or approximtely at
vdd/ 2.

an access device for selectively coupling a second terminal of said memory element
to said conductor, said access device enabling said first and second voltages to establish a
voltage across said programmable element sufficient to program said memory element to

one of a higher and lower resistance state.

63.  The processor system of claim 62 wherein aid access device is a transistor.

64. The processor system of claim 62 wherein said precharge circuit supplies a
first value as said first voltage to program a higher resistance state into said memory
element and a second value as said first voltage to program a lower resistance state into said

memory element.

65.  The processor system of claim 64 wherein said first value is at or
approximately at Vdd, said second value is at or approximately at ground, and said second

voltage is at or approximately at Vdd /2.
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23 WD 03/054887 PCT/ US02/ 40078 66. The processor system of claim62
wherein aid associ ated capacitance conprises a parasitic capacitance of
sai d condwotods4887. The processor system of claim 62 wher @Ca/tsaz/a078
associ at ed capacitance conprises at |east one capacitor coupled to said
conductor. 68. The processor system of claim 62 wherein said associ ated
capacitance conprises a parasitic capacitance of said conductor and at

| east one cgpaci L syst em of
claim 62 vvh§r8e| ntI‘glal 38conc%cgg%tgm ‘?f?‘%‘% q)fﬁi Iﬁegﬁglr?pda%g%cl %gdacceggﬁ%rew ce is

enabl ed by a voltage applied to a worg I|ne 70. The processor, system of
cl ai m 6PMRFisss S PRIARIECARIFILLC AL §3E Fon BffPFi ses a chal cogeni de gl ass menory
el enent. 71. The processor system of claim 70 wherein said chal cogeni de
gl ass nmenory elenment conprises a Ge:Se glass conposition which is doped
with silver. 24

67.  The processor system of claim 62 wherein said associated capacitance

comprises at least one capacitor coupled to said conductor.

68.  The processor system of claim 62 wherein said associated capacitance
comprises a parasitic capacitance of said conductor and at least one capacitor coupled to

said conductor.

69.  The processor system of claim 62 wherein said conductor is a bit line and said

access device is enabled by a voltage applied to a word line.

70.  The processor system of claim 62 wherein said memory element comprises a

chalcogenide glass memory element.

71.  The processor system of claim 70 wherein said chalcogenide glass memory

element comprises a Ge:Se glass composition which is doped with silver.
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