19 June 2006 =E OF | NVENTI ON A PROGRAMVABLE CONDUCTOR RANDOM ACCESS MEMORY
AND A METHOD FOR WRI TI NG THERETO BACKGROUND OF THE |INIVENTION] 1. Field
of the Invention: [0001] The present invention rel ates to i ntegrated nmenory
circuits. Mre specifically, it relates to a method fof 9wWtNeidW0data to a
programmabl e conductor random access nenory (PCRAM cell. 2. Description
of Prior Art: [0002] DRAMintegrated circuit arrays have existed for nore
than thirty vyears and their q§§;§%gﬁagggé$ﬁie%in storage capacity has been
achi eved t hrough advances in or tabrication technol ogy and
circuit desh PROSRAMMABLEIQONDUGTOR RANDOM ACECRSS MEMORYIAND A

t echnol ogi es have al so achi eved hi gher and hi gher Ievels of integration
that pernit dramatic reduMEGHO Fg d cost, as well as
i ncreased process yield. [0003] A DRAM nenory ceII typically conprises, as
basi ¢ 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 capaC|tor to represent a logic HGH (e.g.,
binary "1"), and a stor eBALKGROL [AhB AN rity represents a
logic 1 19 June 2006 LOW (e.qg., blnary "0") The ba5|c drawback of a DRAM
is that the charge on the

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
vears 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.

10003] 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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capacitor eventually | eaks away and therefore provisions nust be nmade to
"refresh" the capacitor charge or else the data bit stored by the nenory
cell is lost. [0004] The nenory cell of a conventional EEQM e ot her
hand, conprises, as basic conponents, an access transi r“”&?éh ansi stors
and a nenory elenent in the formof two or nore integrated circuit devices
I nterconnected to function as a bistable |atch. An exanple of such a

bi stabl e | IS a.pai kndf Hass-. coupl ' nhers. . Bi.s l.at ches do
not need t%@g(c'ﬁéﬁl’gﬂ%egﬁ‘ r];hscq?aﬁmt aewbbgélggf%ﬁﬁ&iﬁ%n&c%&?& st?lg and will
reliably stiaéitér dahally leaksn@hal aid HekdfoRpro@ignsatudhR)madeodtreftssh? the ecei ve
supply voltage. However, such a nmenory cell requires_ a |arger nunber of

transi st or §aPariton dharasrasrelse shpdata biststosed by s memeryest #tlest han a sinpl e DRAM

cell, and draws nore power than a DRAM cell. [0005] Efforts continue to
i denti fy ot hepoppf ms Ofl‘hgﬂ{?ﬁf 4e Aol SIEAN, 8hehEotet Baki at es and do
not require th eﬁ];ive refres ﬂ*ﬁg ecen'y stoudi es have fgcused on resistive

mat eri al s tdapricaras tbesip cagpauames) at accessttianbistoe bt tremsishirgandp npegperyst abl e

ohm c states. A progranmapl e resistance e] ement, af such nmaterial could be
pr ogr ammred <FTERS '%ttggg"rlrﬁ Gﬁt“foe%ri Bpra Rt C‘ﬁcB‘tgng‘?,m'fCB‘?o“é‘ﬁ%ﬁ%?oe, a binary

"1" data bgfncRbn aP4 BREBIFIECH! AntxhiRple ' Shchld Bitablk Meeh sQ irQYfRrdds DI nary " 0”
data bit. The stored data bit could then be retrieved by detecting the

magni t ude ofupded iogctours. Bistabldetchespdul yitmgedito baifrefnthedyli asah et ¢abg ofigh t he
resistive ry el emeng by an. access device,.th .indicating the stable
" esi st ance R EeROT i, i Pell EigbIE Sofe ity Pikapisinitgl % et st

parti cul ar [hdue#h $édafle RSy FIPRL! SrloRbwt alkiea hRSdot) cMPraqRireyd Bigeks  known
as a programmubl e netalization material, also terned a programabl e

conduct or member efl transistasnandythetefere amovnnefisilisen red esatethap aatmpld BRAM s a

stable at Ec?l? ind 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 “1” data bit or
programmed to a low resistive state to store a binary “0” data bit. The stored data bit
could then be retrieved by detecting the magnitude of a readout 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 voitage of
suitable magnitude applied across the memory element can restore the high resistance
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hi gh resi stance state, but can be programred to a stable | ow resistance
state by application of a suitable voltage across the nenory elenent. A
reverse voltage of suitable nmagnitude applied across tRé Jlmsmg el enent
can restore the high resistance 2 19 June 2006 state. The6{ st ance
state is caused by gromh of a conductive dendrite through or on the
surface of the programmabl e conductor material. A progranmabl e conductor

I ' I | ' A b
rerm Y, TR 1 BN s Ly RS U SRR R O

refreshed, 0 refres

period, e.gn tHayafe¢ ofRisroglaBMhble iRluetoe Mataial Apegyramiiblceondndact or
material conprises a chal cogenide glass material havi 2‘% met al _iQns

di ffused t Femary clemenpisaionvelatileqimihat the low esisaArasts slcah nakbq wlesed, oy

di ffused wi [ 1.00S Lif £ US| silver ions
into the oure itk PR e TRARD M et M or kB e

ger mani um sel eni um gl ass and then deposit a thin |ayer of silver upon the

gl ass, for dR80P) e byespurxempiangprogriysiabédd condporor depasil tompgiseor ot her
known technjque in the art.. The layer. of silver is ifradiated r.eferably
with el ect ?llf’ﬂ‘é?&‘?%‘ﬁf: 8% Eplsriabha a,ﬁgfé-{lgﬁbfl@que@gr%g%s. Cr%ﬁ%‘ﬁ'gtl%rs, so
that the epahOMiPRSIES QUG difustl W8I sIRT AL idiBe Ol th¥Bbd OF Affsing
interface, to break a chal cogeni de bond of the~"chal cogenide material. As.a

resul t, ththeGivesdony ingsthesgedopadmpictehiusi matarial e pttidlfeyaporsteghovi ded at

d locati t.he chal ' | | | t f it
and r ead! nE TR Py PG ERENT ePOUOR CHT LRE] §F TSt FORRARS BRSO | t§ ng.
data to ancﬁfﬂp@é’b}gipd@fe%gQﬁl{ﬁféklexap&&ﬁ%%éiﬁgﬁ,_ SRR kSN ESqicSinkBe I,

W

devel oped. One probl em associ at ed writ’ing
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. As a
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.

1

[0008] Currently, circuitry for writing data to an array of programmable
conductor memory elements is being developed. One problerh 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.

SUMMARY OF THE INVENTION

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

for writing a programmable conductor random access memory (PCRAM) cell which
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a programrabl e conductor nenory el enent froma high resistance state to a

| ow resistance state is that a driver is used to supply a wite voltage at
hi gh current, and once the nenory elenment switches to | ow r.esj.stance
state, the high current is still provided by the drive?QJﬁﬁﬁéﬁi%%ults in
wast ed power. SUMVARY OF THE | NVENTI ON [ 0009] The present invention
provides an inproved wite circuit and nmethod for witing a progranmbl e

conductor random acgess megpry (P |1 _which 3 19 Jupe 2006 r.educes
hast e povkSRHCeRTaA PoseLorBie i feempipht BY U ARE SnelorotibRel PRev
parasitiC coanaakd 81£Bit Ghe @o Rigply the vrit@ valkiR for 4 progiinhhsbly ebidi@torf O a
programmabl & conductor nenory €lenent. A first predeterm ned voltage is

appl i ed t omambry eemert. nd fizst pofdetermined yolirgeed applicd ol a drsstermingd of 2el enent  and

a bit line is char,ged t second redeterm.ned.val tage. An_acgess
ransi st or PRBHEHBR heodilonTErgey drberand= bt e i drer e a el of (e
menory el e _ﬂéteﬂﬁﬁﬁe& b@ltigcf%n&@éksm& dﬂﬁbk@ﬂﬁspt@ﬂﬁrgéd Bit Hﬁcgﬂn!:tsbdend and
polarity ich cause the nmenory elenent to be witten to a_ desired

resi st ancetesnimakof the imenperyfelamant pre thet fsstand second|voliagesiate ofd magwhsicant , t he

witing of ry.elhement .to a particular resi NCE.. rﬁgnii a
bi nary val %Jngil:(’q(g%&gé"hé%hn e pugan%?oﬁée%cn?\%\%%%?%ﬁé% %%%‘%ﬁ%&%sges 5’% ‘he
second vol ifagefirsSpRdetchfinetd voRide i6 HERcyhdtghttte WtitidgSofuSREmbE eMihére 18 a

menory el enent, wasted current 1s reduced. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ putiojlarpristprscagpicsratiaga binameyalegicrarhesgagoledby viing e differant e

I nvention W a r Ll-ed . rd. QL. of

| nvent i on Wikkes BPBATECIR! fABRAGHR! nf LR ISp g 68 i8R thRIre1
memory element, wasted current is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

{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;



I nvention given below wth reference to the acconpanyi ng draw ngs in which:
(0011] Fig. 1 depicts a nenory array enploying a plurality of PCRAM nenory
cells, in accordance with an exenplary enbodi nent of the_invention; [0012]

Fig. 2 depicts a PCRAM menory cell of Fig. 1; [0013] Figg‘@Wegggﬁgts a

fl owchart describing an operational flow, in accordance with an exenplary
enbodi nent of the invention; [0014] Fig. 3B depicts a voltage arrangenent

across the P nor y.. ce of Fig. 1: 4 19 June 2006.][0 Ri.g. 4

dopi ot s & merI0NShr 1 oy Hikt dpiche ot i R RERRRT IR R PR s, i n
accor dance nynhdryaslisgid ficBatahvewRV e ditdraRtivedimbodentmiithe RRentaig ah@016] Fi g.
5 depicts a block diagram of a processor-based system containing a PCRAM

menory, in accordance with an, exenpl ary enbodi nent of the inventian,

DETAI LED DESdﬂBﬂfr]a ON OF@M%WWH\H‘% I{reeefﬂf'bﬂﬁ%f FEEREEANRRENt | on
will be de VR ' | Hm%gm Ivhlisdd ated in
Fi gs. 1-5.§2¥%er éﬁ%%gﬂﬁgﬁ%%bﬁgﬁ&%ﬁﬂ?géﬁgggg&ﬁﬁ ot e# cha%gté may be made
to the disclosed enbodi nrents without departing fromthe spirit or scope of
the present invention. [0018] The term"silver"” is intended to include not
only elenental silver, but silver with other trace netals or in various

al | oyed conbi nat i gaRs- W &by At : j '\-
i ndustry, as |long -as such SiTVer )Y 15 ( trve, ar Tong as the
physi cal and electrical properties of the silver remain unchanged.
Simlarly, [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

5



the terns "germani umt and "sel eniunt are intended to include not only

el enrental germani um and sel eni um but germani um and sel eniumw th ot her
trace netals or in various alloyed conbinations with other netals as known
in the sem conductor industry, as long as the physical T8nne <G i cal
properties of the germanium or selenium renain unchanged. [0019] Fig. 1
depicts a nenory array 100 having a plurality of row lines 110, 112, 114

and bit (colum) lLines 116, 11 120. At each,intersection of row and bin
| i ne there §<™ #ﬁ_@&readwa‘&iw' ; ain SERhNG- B394, .cm@% menory cel |
(e.9., 1225 GaNLAkNY FHCRES il g%i‘%éém[:ﬁsiﬁ)‘i‘ msnﬂgo HERES IR R G duct or

menory el enment 126.° The progra conduct or ry elenent nmay be
formed of &ocmationlem: disclogirasswhichdacdrpomtedfhefen & raflriente. | Accdatimgiton t h
Ag. Suitable rratelrial l?o osition for 5 19 June 2006 el enent 126 are
described i TFEPRKHR %‘g%“%‘_’ F PESCRYCHSPR, TR epfusy plasses fr use
" St oi chi 0NMgs fénidd clehRhACROEN AL RS $85e T ek thadiCh: s MEARKY g IREW H9mgand

Met hod of Formation,"” the disclosure of which i1s incorporated herein by

ref erence. smichiemd¢tnigs that fadlrwighie apfirastoicidodineage &, indedipg oSt (witkat i on,
germani um sel_eni um gl asses for e .as ry .ele ts,are selected froma
range of gé?%ﬂ‘iuﬁrﬁt lcﬁmﬁé’gégéﬁlﬁa\f{gﬁgyoé%uégﬁgﬁétl?sf)e%onf‘ﬁ‘é? Yol .
Wi thin a fiGegSes itk Qi RaBhLCarbARgRrRhrdgh oF U Imn%g%%?axiwzb% G les§RXI MUM
atom c percentage of Ag when doped of about 30%or |ess) continuously to

Ge28Se72 (whd Whichrhaxe thmpencobfamudy (Gmbage.. phde, wireinddsec28fand vdwetei? 0% or
| d_whi ch h | f. | Sel:x1) 1- y1Ag71i wher ei
182128 SniPiReHB e SurtvidREl SomiSbthestideviorh b plegib SRRkt age
which is tRhell REpi At Bla8dBURE gkl Bhning 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

6



will keep the glass in the glass formng region. [0020] A first term nal
150 of the programmabl e conductor nenory elenent 126 is coupled to a
common cell plate 128. One source/drain termnal of eacg cestﬂgiran5|stor
124 is coupled to a corresponding bit line (e.g., 118) ﬁdf df
source/drain term nal of each access transistor 124 is coupled to a second
termnnal 152 of the programmabl e conductor menory el ement 126. Further,

each bit line 116, 118, .120.is coupl ed rechar ircuit 130 so that
the bit | fEMPETGRLAy et gades °{1‘éf°8ﬁ\é‘=t%éw v EEAREVepACES (e.g.,

at or apprQiﬁh&’iﬁb@hﬂ%ay\égﬂly%%fl&ccgrmép??-‘%gﬂé’@myuﬁst BYHHas e Wi Il be
descri bed bel ow. Also, "a parasitic capaclitance 132 1s shown for t he col umm

line (e.g. CO!IQ@OQﬂlDElgg)Jarm)cs whibelothe cotmipbhemsl andveltigeeare rhadifiekanpl e, t he
menory cel

Though ¢ni &ocopdingl. bt Byl \EGRT s cEreBmmablernean stonoiy o8 cgepled

ar chi t ect urc@dm[&%&én&u pllafwlztso Eh&om? so&céﬁﬂﬁﬂ%ﬂnﬁnﬂ'cﬁ%ﬁmt&f 1z@gory cell
122 is depicted in sonewhat greater detail’. Bit line 118 is coupled to a

prechar ge €piRled to 4 ggond termin ofdmmbgzarrmbéc dandgctos evenuey dicmient 126.m nal of

access tra 5?&1 %4?‘95 wel | ective Elrst ggurc /dra ¢
terminals of @ prurarity’ %qogmgﬁ gt PR elsrRent 4 S s(?sator
124, as welde: &Sch&ngaﬁdT@glas%Gﬂﬁ&ﬁsﬁbﬁ&Ew&h@ﬂﬁr Bk rs mablen-type 6 19
June 2006 cogglenentary net al oxi de sen1conductor ( transi stors.

However, a torypaipeals kegwn pothess oferdinayy shill lpé'-bf— ac enhydlsotbeaispd.t Ype COMOS
S % g AR oo RPN PR, Py Gh PO
pr ogr ammabfoe arphudalisy cfﬂr@e'lﬁdikty B Tl @O PpRhEU28 istied to a voltage terminal for

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 a.nd 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 10MCQ. 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



to the common cell plate 128. A second source/drain term nal of transistor
124 is coupled to a second term nal of the programabl e conductor nenory
el enent 126. As nentioned above, programrabl e conduct or noréoébenent 126
may be made of a Ge: Se chal cogeni de gl ass which is dop ' | ver, but
ot her progranmmable conductor materials known to those of ordinary skill in
the art nmay al so be used The progranmabl e conductor nennry el ement 126 is
coupled to ce | ate 128 . faor l.una cel. The
cell pl atep%i%&m{glc du@torncl)ﬁoa gle cn'f}?ch {rh Edg 35%/?‘%% crsﬁ%%le derm ned
vol t age | ewedpe(&f.the invahtiéu. apprOX|nater at vdd/ 2) to t he ceII pl ate 128
A gate of each access transistor 124 shown in Fig. 2is tiedto a

respective r Line 114 V\hen 1Y) age .i s ed to a row |line,
e. gp 114, an G028} at e f%{eesg% 3&&5«3%2 qg\gnmrﬁ@as %%ﬂpemmct. ng.
The vol tag%§grﬁénttfﬂ)® AP e%n‘uﬂﬁ 303 4the ttlmclé ebﬁ!'%x‘clie a1l iCaldan ??t | Oa.%@%%@ﬁte

sel ected as ‘descri bed below to enab e rea It’e  ope
pr ogr ammabloe appxmtumﬁtdy atreﬂmn'ﬁl‘él)emrﬁmd lafndin@azCivhéthesthe 34l &rtd baB,

tivel h har t d | t hayt d Lpi t
operat | on PHIEIRREIPy THEH Foopisgck Fek ok 5f AIRHE Bonee: SRS JCHBal § BBt ment

of the inveigOpesistaed f#h, @68 T EEMn@ngﬁéc?{sfté QWprécH E&)H gmuﬁe Y @MEt ers
of the progranmabl e conductor nenory cell are presumeg that the voltage

across an th eslidngoingao rdowiresisthnco stare, ﬂEnfthobxtélnb ovcdsdg |bstpa¢tbergsdao etto a

hi gh t I at t hat t di
alpgr o>r<:arsnlatS é’? 901?6 r@ﬂﬁt‘?}' F‘?Yd‘gh ﬁft\ﬁt“ﬁélgéﬁ R5 e@%:"rra 4 %g'lfﬂrl?aﬁ If‘a'%r equi red
to wite f ?ﬁﬁh@rg@ icithuif €80 %@é@@eﬁﬂ@hﬁlﬁ:ﬁ‘h %m'l&\é’lfws'm @ﬂﬁﬁséstcgttﬁls' s -0.2%V

(iv) that the current reqwred is approximately | OpA;, "(v) that the | ow

resi st ance cxemplagy d escr@pq@nows ol assyme et llJafn'cbl(agc is Yhahe voleaghidgbp aeeisst ance
state is alpe a\tlc%l %@4 HZ@; é%"g\ééf%ée across tHe mcn?or{,' %f%gnlclnylig Ra‘yf, %c t hat

alternative par
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 2 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.

10024} 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



for the PCRAM cell, depending on the material conposition and size of the 7
19 June 2006 programrabl e conductor nenory el enment 126, w thout departing
fromthe spirit and scope of the invention. [0023] Refﬁéring hﬁ Fig. 3A
and Fig. 3B, the wite process begins at process segne J 2 6segrrent
302, the bit line, e.g. bit line 118, is initially precharged to at or
approximately at either CND or Vdd, dependi ng on whet her the cell is to be

pr ogr ammed si stance state or to Si st e state. Lf the
el T s goi P2 e b6 ol sapRroaty Ry YoE B Foft e ek els 1 o
be prechar geghstseorilr ’Q‘HBQeavé’ﬂﬁvdlfatge 5RCEV adrdssdfit Riknidly BlehRWt 156 Wilanee

state, then the bit line needs to be precharged to at” or approximtely at

vdd. Bit I|W@Ciﬂmtq)qugfamheﬁgladllmgbgcsmaadetcelpmm&mwmag@r\kﬁ@aprecharge
circuit 130 ctivel ed to |ine 118. For purposes of this
exenpl ary rg‘f:lr %ﬁ’%’ m’\"fé W‘?"Fmﬁ?ﬂ ?tﬁémﬁ?tt line voltage is V1, the

vol tage drop across the access transistor 124 is V2, the voltage across

the menory el E)ﬁ%t] 126 If she Vit Liad1218 ﬁfplréchaiga&eoWuuta;gﬁppx@xi&fﬁtclﬁiﬁﬂgnbhﬁdmrd
line (transi Hﬁ cg voltaels V5, as shown in Figure 3B. W wll
al so assurna"‘“g1 ?V B\RCrOSE: rtmfwgqowqper%patem 3Yet@28h¢ §°1talgFé7c$ to a

predet er m negdhwgle cEInc ﬁlZﬁ"ﬂ' M58 wictOk sn?fﬁ@i Eﬁ&%ﬂé’n rodff Ry

1.25V. Note the pro e con uctdr nenory e as reversed
vol t age vvrrealmrmoItamlﬂglemstnchenﬁ:B(ﬂalmgtcﬁﬁcd\hQEhﬁ) o2 kegd pyevidiuslrent i s
wrlttentoalowmrg l§ta1nce state where V3 = -.25V or to a high resistance

stat e wher @D FgSBtnee stlGIptagt. 1 o 3 high resistance state is al so
consi dered an erase operation. Accordingly, if the cell 122 is going to a

l'ow resi st anc@ogbpt e, Ph6Rsd deghRnD SELRRARGYs Ut REEGAL okl Lidss tHene
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
clement 126 of the memory cell 122, a voltaéc difference of less than + .25V is applied
across the programmable conductor memory element 126. For example, a volrage 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



118 to at or approximately at vdd. But if the cell is going to a high

resi stance state, then the bit line 118 needs to be precharged to at or
approximately at ground. [0024] Once the bit line is pre1\ h egQQﬁa sel ected
rowline is fired at process segnent 304 by applying a %*@U% ne
voltage V5 to that row line. Process segnent 300 also shows the ceII pl ate
being held at or approxi matel y at vdd/2. In this exanple, a predeterm ned

o e, LOLEREENL 2] by DRSOk Syl VB 2oL,

vol tage 8 IRsclibee va&%fceéxﬁe tﬁlgaph%&h& Bfndfefldive nhatbel hPill ot be
approximately 1 volt (i.e., volt plus resistance of transistor). This

| eaves a vkl C@Qed {rereo fCapagipradditis addet do nemonlyma lieerd A td plovivke ackditional

sufficient mit fr.oma high | st.anc oW r esi tance ate, or
keep a prev%ous 'ﬁig‘ﬁ PATREE SPRAR. ogttg?lﬁ%l“@f‘i'fl@(hhtgé Eﬁf‘upféthe bi t
line 118 |$yﬁ51ﬁ©hﬁ[c@qt$2t B n¥t s@ficigitlyPRph eﬁb@iﬁlsyorefthaﬁﬁem e vﬁﬁgct he

vol t age dr(ﬁ) V2 across the transistor is approximatel \/g t hen t he

vol t age V3HeREs.0HS Graneie\t élb@nﬂmp@@m@icgn(bswomm needeifof aoirignt t o

programit g W t.anc sta al so terned
an erase) OPE@H&&‘ a prs'lgé\’/olﬁci)ll"j%l@&mgkdé)flgﬁg%g ﬂ:l 'ﬁ &5?1%1&[ g’f’é‘ml PRt Bt .
[0026] Proecegsde sagasﬁforea&&iemdp&&b@amnatmé b@hﬁ@mls APk kﬁa@op&mﬁls the
menory el ement 126 which is discharged through the menory el ement to wite
the sel ectiapsiytes]3q Wiemed SR to kespeba cxlEycapscrmgcq o thyabin bine 118 raprder t ance
132 of the, rechar oIt e, the ed to drive
the bit Ilnt“-;e)h%t ‘hte&)ﬁr %éﬁﬁleg%@f% Oft&ﬁerp SECPa “i}‘g‘r%&éy §@ rce is
obvi at ed, reducing current consurrptlon duri ng a wite

(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 a'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 (I/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 paralle! processing.
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operation. Finally, at processing segnent 310, bit line 118 at the end of
the wite operation voltage settles to a value which is |less than the
applied cell plate voltage V4, e.g. < at or approximtely, at 2. [0027]
In order to read the contents of the nmenory cell 122, %%ﬂﬂﬂ§%65g
specifically, in order to read the resistance of the programuabl e conductor
menory elenment 126 of the nenory cell 122, a voltage difference of |ess
than + 0. 25V j pIieqm]@g S 59@ r QEEP e.conduct or enent
126. For exan{)q%eg;wa vol tage&%flﬁvc. (%ﬁér)lg{?g usé&c?lénraéltaﬁé%c ng%‘g%gr{wgiﬁ. Thi s
can be achipesfesedymboidintdntekmateatthe GméQitsheidd bd Weddily vadésaddeharcas i on. For
exanple, a bit line 118 voltggg V1, of 2.45V and_a voltage drop V2 of 1

volt will préates is ponlispited tpthe disclppadnmbasiimartnt Rather, thogpeptigresasrts ng now
to Figure 4,850 | LA Li : ammabl e
conduct or rre?mr y Q%F%&%%yﬁnﬁp‘gﬁggmﬁ Og)c?rrpr |°gf’%%tg%§f) g%%??séﬁ%@gfgg une 2006
capaci t anceqidensramgtineas not bajeatotealesctitdd pnd vihicnsie cboimehsdratcTidise it ens
previously , described with reference_to Fig ave t he sane reference

1
nunber and t SRS S5gPe el dnysagoneFer campl ritousiahe inveatior Bas ks ephe
col um |1 NQedeliBed th mlﬁl\él:l.{ii&'r ﬂrﬁﬁ's{iécﬁﬁw a6 PRAAL LARGEId e %Q%m%%g@ﬁ%h{ tHar
I 1 p e

capaci tance on the colum 1|1ine 8, focljr exanpl e, provi capacl tance
132, is notvokageflewisonrty diffhiegh tenabigde described thercitheanisecusedr ddsoy aitlicagh the

Hence, one.or nor ddi tj onal .capacitors 134 can_be provided as needed for
awite oHE’Fﬁ??%ﬁ?SabﬁcﬁﬁL‘?F‘g?’Sfmi eEUINY édpifﬂﬁ‘ﬁ?"lgféfy 6P BE MOV e of a

precharge @RRfeat 196, the: pelait) nfayBRGe RS m&&&%@%@&@&@&m Sletdddplifgt he bit
line 118. After a vvritepoperat iyg%, y tr?ansist r 136 is tur%eg "o?‘%"gto keep
t he extra eppiditoahegasision, kel plate, hnchdiglt 1®e ifor owdteroperation 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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to not interfere with the timng of other operations of the nmenory array
100. [0029] Fig. 5 illustrates a block diagramof a processor system 500
contai ning a programmabl e conductor rapndom access sem conduct.Qr y as
described in connection with Figs. 1-4& For exanple, the PCRA JH%%)%
array 100 described in connection with Figs. 1-4 may be part of random
access nenory (RAM 508 which may be configured as al plug-in nenory
nodul e. The processor-based system 500 may be a conputer system or any
ot her pr o@.l.gém_s system The system 500 includes a central processing unit
(CPU) 502, e.g., a mcroprocessor, that conmunicates with fl oppy disk
drive 512, CD ROM d& methdsllfer waitidg RAMNEO® rpelemeat, 3aid @Bod tdmpmigng:be not ed
that the bus 520 may be a series of buses and bridges comonly used in a

processor - basegrechiSi@N cotiducfopto £ B P BRCAIRUENO HRE vONAgE belidichddis 520 has
been illustrated as a single bus. An input/output (1/0O device (e.g.,

moni tor)  304.ia30af@Y% @ 2LadBiROIKEL ARG LAPAcRED, but are not

required in order to practice the invention. e processor- based system
500 al so includes .a read-onl nmor 510, whi may_ al. e used to
store a softmfg“%‘}%gﬁg%‘%@?@%&%%%ﬁ%o%elSP}?Eﬁg?ﬂ”gé} %ﬂ@ﬁésgi cts only
one CPU 502, the Fig. 5 systemcould al so be configured gs a parallel
processor VRH#EH Hesadsondyetior andi propavaltags)to Brise a #egdgtprmingd 1S5ISiaRGE 2006
[ 0030] While the invention has been described in detail in connection with
pr ef er r ed setbiodiaentmokndementt whereint saiemeinpris¢lomert domprigedd | y under st ood
that the invention is not limted to the disdl osed enbodi nents. Rather,
t he i nventchslbogmitehdassirogofi ed to incorporate any number of variations,
alterations, substitutions or

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.



equi val ent arrangenents not heretofore described, but which are
comensurate with the spirit and scope of the invention. For exanple,
al t hough the invention has been descriped in connection vvith1§§er§:igi§
voltage levels, it should be readily apparent that voltage |&vel'sery
different than those described herein can be used. Al so, although the

i nvention has been described in connection with a specific polarity for the
menory elenent 126, that polarity nmay be reversed resulting in different
vol t age | evel s fbei ng methpd peid alynt hwheichssid asspcialed CAPSIARGS CORMMISES git | i ne
for a wite operation as understood by those skilled in the art.

Accor di nglaypardstie dapsaancoot sagl aokluttonindealcdppcitdreofipled gméad conthtari pti on or
drawi ngs, but is only limted by the scope of the appended clains. 11 12 19
June 2006 CLAIMS 1. A nethod for witing to a nenory el enent, said nethod
conprising: precharging a conductor to a first voltage value, said first

voltage being held Alnsdbdla&ANGHAL PLnBifsSfPREHANRR: BonRkiARtndlth said

conductor; coupling a programa uct or nory el ement between said

first wvoltage. on sajid.conductor and a .second vol to wite a
pr edet er meLeé’ng s‘ioél?iﬁﬂé%sal £2pcth bgaeflahﬁ%%lrafc%ﬁsiﬁgﬁftf’%her ein said nmenory
el ement conprises a chal cogenide glass region. 2. Anethod as in claiml
wherein said first voltage is higher than said second voltage to wite a
predeterm ned resistance state in said nenory elenent. 3. A nethod as in
clai m 1 wherei 8.sai 4 methed as/inl alaitye? whetepwasaid ¥11’$aﬁ01%6d8 sleyaparoxgnatalye to
wite a predeterm ned resistance state in said nenory el enent; .

at Vdd and said second voltage is Vdd/2.

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 chalcogenide glass region

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

12. A method for writing a semiconductor memory cell, the method

comprising;

applying a first predetermined voltage to a first terminal of a programmable
conductor memory element, wherein said programmable conductor memory element

comprises a chalcogenide glass;



4. A nmethod as in claiml1 wherein said associ ated capacitance conprises a
parasitic capacitance of said conductor. 5. A nethod as in claim1 wherein
sai d associ ated capacitance conpri ses a, capaci tor coupled to zlnggnezoos

conductor. 13 19 June 2006 6. A method 45 in claim 1 wherein

associ at ed capagi tance, . rn.ses a parasjtic capacitance sai d_conduct or
and a capaci torC‘ﬁEI&HH %@?ﬁggg ?8168}%-‘6616%49.“’1?@ ﬂgﬁé’i‘%ocfy ﬁgﬂ’ﬁloggsaﬁorﬁ 1
wherein said programmbl e conductor nmenory el enent is coupled.to said
conduct or SEsPEpagcterEIRgd wdlass saidbillinediayng apargsitig¢anaeitange Mhich aj m 2
wherein said first voltage is at or approximately at Vdd and said second
vol t age i stovekddaRtl sec@ondipredethoninad voltagel ai m 3 wherein said first voltage us
ground and said second voltage is at or approxinmately at vdd/ 2. 10. A

met hod as in clappRirg Mherdeiredet@irinegiondidgs @ a gfe af Hirkndidtoetoansbleisaided with
said nenory elenent. 11. A nethod as in claim| wherein said chal cogenide

gl ass regiQRsicRIRAd SRPISsAELTBAL W1 sRBhERrMM0b888d hikien which is
doped with silver. 12" A nethod for witing a sem conductor nenory cell,

12.
t he net ho (ising. lving a first predetermined voltage to a first
term nal gpﬁ(gu%g?ro%?%%ae%ﬁée&t% ductor menory el enent, wherein said

rogr ammabl e conductor nenory el enent onpri ses a. chal cogenid | ass; 14
?9 gune 2006 usfrllg a voltage acro%/s said memory éierggnt when said trans1sto% 18 ena%le% to

establish a resistance state of said memory element.

13.  The method of claim 12 wherein said second predetermined voltage is

greater than said first predetermined voltage.

14.  The method of claim 12 wherein said first predetermined voltage is

greater than said second predetermined voltage.

15.  The method of ¢laim 12 wherein said voltage across said memory

element is discharged through said memory element to establish said resistance state.

16.  The method of claim 12 wherein said first predetermined voltage is at
or approximately at Vdd/2 and said second predetermined voltage is at or

approximately at Vdd.

17.  The method of claim 12 wherein said first predetermined voltage is at
or approximately at Vdd/2 and said second predetermined voltage is at or

approximately at ground.



charging a bit line of a nenory array to which said nenory cell belongs to
a second predeterm ned voltage, said bit line having a parasitic

capaci tance which stores said second p&;deternined vol t age; quI%F%QGa
third predeternined voltage to a gate of° a transistor to enabl'd@ 8%

transi stor and couple said bit line to a second term nal of said
programmabl e conductor nenory el enent; and using a voltage across said
menory el ement when _said transistor is enabled to establish a resistance
state of said rénor yhemstodiof clesm IPjehaieinisaid ast ofappiing 2 filer ei n sai d
second predeterm ned voltage is greater than said first predeterm ned

vol t age. Dredemminedtvioltdgeodonaprisescaidlingarcell plaaitd whichstidofistigrming ised
voltage is greater than said second predeterm ned voltage. 15. The net hod

of cl ai m t3umb&nenros@t of vl fiad predefcpamed abHaggenory el enent is di scharged
t hrough said nenory elenent to establish said resistance state. 16. The
nmet hod of claim 12 wherein said first predeterm ned voltage is at or
approximately at VvVdd/ 2 and said second predeterm ned voltage is at or

ot edot er mi ned ol 1 aghe Mgl sy herioBib e WREC IRkl second
predeterm ned.voltage is at .or approximately at ground. 15 19 June 2006
18, The mEPYRIEt 1BFEo cApaciiog tuta Bikine mtor@fsa@;fsm%ﬂéetm@@d]

predet erm ned vol tage conprises coupling a cell plate, to which said first
term nal iveltage.

20.  The method of claim 19 further comprising enabling a transistor to

selectively couple at least one capacitor to said bit line.

21.  The method of claim 12 wherein said parasitic capacitance has a value

of about 500 {F.

22.  The method of claim 13 wherein said chalcogenide glass comprises a

Ge:Se glass composition which is doped with silver.

23. A method of operating a memory cell, said method comprising:

precharging a bit line to a first voltage;

applying a second voltage to a first 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.




coupled, to a source of said first predeterm ned voltage. 19. The nethod of
claim12 further conprising the step of selectively coupling at |east one
capacitor to said bit line to store said second predeterm ned voltgﬂg. 20.
The nmethod of claim 19 further conprisify enabling a transistdP s
selectively couple at |east one capacitor to said bit line. 21. The nethod
of claim12 wherein said parasitic capacitance has a val ue of about 500 if.
22. The nmethod of claim 13 wherein said chal cogeni de gl ass conprises a

Ge: Se gl ass corosi TheomeiivdcH clamddpeleroipspidsesangrvoliage 13@%@1{}@@1 of
operating a nenory cell, said nethod conprising: precharging a bit line to
a first vaehitldgst:vodtppé.yi ng a second voltage to a first termnal of a

chal cogeni de nenory el enent; and connecting a second term nal of said

chal cogeni de nenory elenent to said bit |ine to produce a voltage across
said nenory elenent sufficient to wite a predeterm ned resistance state
into said nenory el . . Ly 23

wherei n said s%bnd?%ﬁeéhggqﬁfi %ééle%g%@%}ﬁgﬁﬂsﬁargﬁ%fl ?E%F%gﬁ%ratggelﬂa{%. The

met hod of clain1ﬁ3 wherein said first voltage is greater than said second
vol t age. i%?n?mg At hod of claim 23 wherein said first voltage is held on
said bit

26.  The method of claim 23 wherein said first voltage is held on said bit

line by a parasitic capacitance.

27.  The method of claim 23 further comprising selectively coupling at least

one capacitor to said bit line to receive and store said first voltage.

28.  The method of claim 27 further comprising operating a transistor

to selectively couple said at least one capacitor to said bit line.

29.  The method of claim 23 wherein said bit line has a parasitic capacitance

of about 500 fF.

30.  The method of claim 23 wherein said chalcogenide memory element

comprises a Ge:Se glass composition doped with silver.

31.  The method of claim 23 wherein said connecting further comprises

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



line by a parasitic capacitance. 27. The nethod of claim 23 further
conprising selectively coupling at | east one capacitor to said bit line to

receive and store said first voltage. 2 The net hod of cl ai m@ﬂ geugotogler
conprising operating a transistor to sel'ectively couple said a F'E4St° one

capacitor to said bit line. 29 .T t hod qf cl.aim 23 rein said bit
line has a par §g| ti thﬁﬁlﬁﬁﬂdtéﬁlﬁmgﬁ @%69? S@@érai‘l?‘?to?,ﬁﬁ en?ﬁ@gr%’tah‘ﬁ?f%of claim
23 wherein said chal cogeni de nenory el ement conprises a Ce: Se gl ass

conposi ti @ﬁeﬂébwmlle?&a%?Pf%déWﬁéﬁ%t hod of claim23 wherein said
connecting further conprises enabling a transistor to connect said second
termnal to said bit line. 17 19 June 2006 32. The nethod of claim 31
wherein said transistor is enabled by a word line voltage applied to a gate

of said transi g80r. AS3eméry@itfuye SArhpreding: € conprising: a conductor having
an associ ated capacitance; a precharge circuit for precharging said

conductor to aafd&h&ﬁctéfﬂiaﬂr?‘%ﬁana%%c‘i’até&& pitéﬁ%;t age being held on said

conductor by said assocl a capacli tance; a progranmabl e conduct or nmenory

el ement having a first term.nal connecte t ecand val t age erein

sai d programabi& ecélgjfﬁffért°831f% %P%ﬁaéﬁfon(@%%’ﬁi?gglﬁé’o@?%’ g%}gé\r%}de gl ass
" region; and an access device for selectjively g{gupl ing a second term nal of
sai d nmenoMgltags hepgmbeld gn sgif sopdisirrdyorid asspdrted (4REItYKEG ce enabl i ng sai d

first and second vol tages ‘ .
a programmable conductor memory element having a first terminal connected

to a second voltage, wherein said programmable conductor memory element
comprises a chalcogenide glass region; and

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.

34.  The memory structure of claim 33 wherein said access device is a

transistor.

35.  The memory structure of claim 33 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.

36. The memory structure of claim 35 wherein said first value is at or

approximately at Vdd, said second value is ground, and said second voltage is at or



to establish a voltage across said progranmabl e el enent sufficient to
program said nenory elenent to one of a higher and | ower resistance state.
34. The nenory structure of claim 33 Wh%éei n said access devic iseh%]D
transistor. 35. The nenory structure of ¢tlaim 33 wherein said’%ﬁ@% ae

circuit supplies fi value as said first voltage to program a higher
r esi stanc@pg{%’éfr&atfe@t%l\}’é@% nenory el ement and a second val ue as said first

voltage to programa | ower resistance state into said nenory el enent. 36.
The menory structure of claim35 wherein said first value is at or
approximately at Vvdd, said second value is ground, and said second voltage
is at or 18 19 3JuneThe0Bmapp sioxdtwetod claimi33 Wdién s@d assblemtetecapagitaste uct ur e
of claim 33 wherein said associ ated capacitance conprises a parasitic

capaci t aneempfis&ai shro@ictipacitancd8f saldheoreBEY Sstructure of claim 33 wherein
sai d associ ated capacitance conprises at |east one capacitor coupled to

sai d conductor. 39. The nenory structure of claim 33 wherein said

associ at ed capacitance conprises a parasitic capacitance of said conductor
and at least o ca i.taor coupled .to.sald,conductor. 40.. The .nmenory
structure of cﬁgi m ggg%?%roé)( ﬁ“%é%‘"a °£8PﬁHB§? Sheredn saigagsoeyaigd C&Rﬂc@;?% access
devi ce is enabhl ed%?%I a voltage applied to a word line. 41. The nmenory

st ruct ur e “BFPEFSH 5 QTSRO spplediinl seldkfoRledony| ass regi on conprises a
Ge: Se gl ass conposition which is doped with silver.

39.  The memory structure of claim 33 wherein said associated capacitance
comprises a parasitic capacitance of said conductor and at least one capacitor coupled

to said conductor.

40.  The memory structure of claim 33 wherein said conductor is a bit line

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

41.  The memory structure of claim 33 wherein said chalcogenide glass

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

42. A semiconductor memory comprising:

a bit line having an associated capacitance;

a programmable conductor memory element having first and second terminals,
wherein said programmable conductor memory element comprises a chalcogenide
glass region between said 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



42. A sem conductor nmenory conprising: a bit |line having an associ at ed
capaci tance; a programmabl e conductor nenory el enent having first and
second ternminals, wherein said progranggble conduct or nenory ﬁﬁﬁﬁeg&m
conprises a chal cogenide glass region be

bit line t ne of two

tween said first and secon
termnals; .a precharge .circuit.for char gi sa
possi bl e VAFDEYe-aY arpated &ty 1oldins aakPage spliee? g ansad il ce
programm ng of said nenory 19 19 June 2006 el enent, said associated
capacitan&@“ﬁolding a precharge voltage value on said bit line; a cel
plate coupled to a first termnal of said nenory elenent for supplying a
third vol tage vataleplae conpledd fa a &irst teanmahaf saidnunwny alcoestfor sappiisger
responsive to a voltage on a word line for selectively coupling said bit

line to sahftdsenanovales wisadl firef tefRingl; BRAOry el ement to programsaid nenory
el enment to a resistance state based on the voltage val ues on said cel

plate and bit }j fResstRmside ré@%&@l@%@o@{agm Wor@lin€ fddisBledidveMier i n one

of said two possible voltage values is higher than said third voltage

val ue and the,.ot her.of. said. .. bl e.vol e v is | an said
Ui vor tcaggugh bR B ek fuio WBpRRTEHE Br L hRRH-Y Pt bRl s o
associ at ed capaci.tance conprises a parasitic capacitance 0 i d conduct or.
45. The scRFEBNCHIEREN Prafersfanse Statebaned on fitcyodioke Kalhes %&%‘i?f‘jf te

capaci tance conprises at |east one capacitor coupled to said conductor.
and bit line.

43.  The semiconductor memory of claim 42 wherein one of said two
possible voltage values is higher than said third voltage value and the other of said

two possible voltage values is lower than said third voltage value.

44.  The semiconductor memory of claim 42 wherein said associated

capacitance comprises a parasitic capacitance of said conductor.

45.  The semiconductor memory of claim 42 wherein said associated

capacitance comprises at least one capacitor coupled to said conductor.

46.  The semiconductor memory of claim 42 wherein said associated
capacttance comprises a parasitic capacitance of said conductor and at least one

capacitor coupled to said conductor.

47.  The semiconductor memory of claim 45 further comprising a switching

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



46. The sem conductor nenory of claim42 wherein said associ ated

capaci tance conprises a parasitic capacitance of said conductor and at

| east one capacitor coupled to said cqﬁpuctor. 47. The senicngggtﬁ%s
menory of claima45 further conprising a switching device for s Ieéilvely
coupling said at |east one capacitor to said bit l[ine. 20 19 June 2006 48.
The sem conductor nenory of claim46 conprising a switching device for
selectively coupling said at_ |east one capacitor to said hit line, 49. The
sem conduct or #8nor h%FE’T%IF%IF%CEPZWréioﬁcéﬁpé‘S&Hﬁ!pEé@éﬁiséfﬁtcb}nééjse‘qﬁégi on
conprises a Ge: Se glass conposition which is doped with silver. 50. The
menory of fei sslactidelywheploigsashitdeastonesiapaator &psed bdhme. has a val ue of about
500 M 51. A nenory cell conprising: a chal cogenide nenory el enent havi ng
first and second termnals; a first nenory line; a circuit for selectively
precharging said first nenory line to either a first or second voltage; a

circuit for supplyi ffe SerhiRbifiRIM@UGy P chalif 4ﬁiﬁﬁeiﬁ§£iﬂicﬁﬂbo%€r?ic&ai d

chai cogcnide elenent; and a device for swi tchably coupling e second

term nal i d chal ¢ ni nor L.emeqh.: 1o Sal {1, St nmory |ine
after sai %ﬁa’rslgr sgﬁjonrr%O% r@sgg?rq%%ea%qg%é: #p%%rlggwgﬁ%elaﬁgé%‘B’it%gl\h’%g causing a
vol tage to be applied across said chal cogenide nenory elenent sufficient o

wite one of two predeterm ned resistance states in said

50.  The memory of claim 44 wherein said parasitic capacitance has a value

of about 500 fF.

51. 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 chaicogenide
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
chaicogenide element depending on which of said first or second voltage is

precharged on said memory line.

52.  The memory cell of claim 51 wherein said third voltage is between said



chai cogeni de el enent dependi ng on which of said first or second voltage is
precharged on said nenory line. 52. The nenory cell of claim51 wherein
said third voltage is between said 21 19 June 2006 first and second

vol tages. 53. The nenory cell of claimB3l wherein said nemory 19%H8e £306t her
conpri ses arasitic capacitance for holding an applied precharge voltage.
54. The nﬁﬁhﬂ%ﬂdé@PQHQﬁaﬁﬂgﬁin151 further conprising at |east one capacitor
coupled to said nenory line to receive and hold said precharge vol tage. 55.
The nenory cell of claimb54 further conprising a switching device for
selectively coupling said at | east one capacitor to said nmenory |line. 56.
The nmenory of ci3ai mTh3 nvdmesrgicall sbeldini® evhgrdin sed Raemory fiae &rtick ¢ capaci t ance
of about 500 fF. 57. The nenory of claim51 wherein said chal cogeni de

menmory el eiFRipris6LIPirb SRS cahaBRETTR ToHbIGRL GNP ReGhafRRABESI ON which is
doped with silver. 58. A processor systemconprising: a processor; and a
sem conduct or nenory coupled to said processor, said sem conductor nenory

conprising: a conductor having an associ ated capacitance; a precharge

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

Vol tage bel ng Had GHE TR ALt G b FOuReCaBEBEIS oA BRI, o

programmabl e conductor nenory el enment havi ng one term nal connected to
coupled to said memory line to receive and hold satd precharge voltage.

55. The memory cell of claim 54 further comprising a switching device for

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

56.  The memory of claim 53 wherein said memory line has a parasitic

capacitance of about 500 fF.

57.  The memory of claim 51 wherein said chalcogenide memory element

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

58. A processor system comprising:

a processor; and

a semiconductor memory coupled to said processor, said semiconductor
memory 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



22 19 June 2006 a second voltage, wherein said nenory el enent conprises a
chal cogeni de gl ass region; and an access device for selectively coupling a
second term nal of said nmenory elenent,to said conductor, sal acc

devi ce enabling said first and second v@itages to establish a 8?1%%@

across said mmabl.e el enent sufficient to. sail. menory el enent
Co one. of SaeHitGNEaER Qv 5B SR b S A hybris RO B s yst em of
cl aim58 wherein aid access device is a transi stor. 60. The processor

syst em of Te$i@AY8 wherein said precharge circuit supplies a first val ue
as said first voltage to programa higher resistance state into said
menory el enent aanrdcas dedontbrsakcivehscaplidg hisesmndvahtingefsadpnagoram a | ower
resi stance state into said nenory elenment. 61. The processor system of

claim 60 wheii b &ad Sorfdub®E, Rl déCeds Hedice Sfiablidp RAIDIrbRHNE|s¥cdld Voldgessai d
second value is at or apprOX|nater at ground, and said second voltage is

at or apprt%gtm;sﬁlayvo%%e\@&és% sa%roga&nmb@&aéﬁgﬁt s%m&&{pt@g o?r ia8. Wnere' n

ai d associ at ed capacl tance conpris par asitic capaC| t sai d

d 63. The d d
Comaert amanstign e A SR A BRGEM M U SPEL L 0 251 G Sondottor” 23

19 June 2006 64. The processor system of claim58 wherein said associ ated
capaci tance conprises a parasitic capacitance of said conductor and at

| east one capaci tor coupled
59.  The processor system of claim 58 wherein aid access device is a

transistor.

60.  The processor system of claim 58 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.

61.  The processor system of claim 60 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.

62.  The processor system of claim 58 wherein aid associated capacitance

comprises a parasitic capacitance of said conductor.

63.  The processor system of claim 58 wherein said associated capacitance

comprises at least one capacitor coupled to said conductor,



to said conductor. 65. The processor system of claim58 wherein said
conductor is a bit line and said access device is enabled by a voltage
applied to a word Iine. 66. The proceszgg system of claim 58 ereigpgaid
chal cogeni de gl ass region conprises a G Se glass conposition Wh'ch

doped with silver. . o . .
P 6% The processor system of claim 58 wherein said associated capacitance

comprises a parasitic capacitance of said conductor and at least one capacitor coupled

to said conductor.

65.  The processor system of claim 58 wherein said conductor is a bit line

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

66.  The processor system of claim 58 wherein said chalcogenide glass

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



