WD 2006/ 113815 PCT/ US2006/ 014762 STATI C RAM MEMORY CELL W TH DNR
CHALCOGENI DE DEVI CES AND METHOD OF FORM NG FI ELD OF THE | NVENTI ON [ 0001]

The presemyg fp¥eNE@N relates to memory circuits, in partpGii@oes/di9762
i nproved static random access nenory cells using differential negative

resi stance (DNR) devices. BACKGROUND OF THE | NVENTI ON [ 0002] There are a
variety of different nenory devices available for use in electronic
systens. The type of nenory device chosen for a specific application depends

|argel y uponghiigirl ol SriloRYECHRIOMITA DRES CEMLCICENIBH B

particul ar stance, dynani C random access nenorles ( )
and static random access MEMNPSMETAGD OFFORMING tenporarily store

programinformati on and data "actively" being used by a m croprocessor or
ot her control device. [0003] Random access nenories tend to provide greater

storage capability and progrBIBLDOBXHE ENYEBNTYONSs than read only
menories, but they nmust be continually powered in order to retain their
content. Most [@0pdani Thegresent aveaton refetrs to exnsonyraxcdis,dnipartidudarf tr m of
charged and di scharged capacitors contained jn an array of, nenpry cells.
Such nenor ympspyed stagoeapdom agcssspemory eclls s ereatiak ReeaHve ERREEES wi | |
di ssi pate a(fﬁa]ﬁkg% relatively short period of tinme because of the natural
t endency of EYEYS cal charge to distribute itself into a | ower energy
state. For this reason, nost dynam ¢ random access nenories nust be

periodically refreshed, tﬁ'ﬁbItGR[Oﬁm)%Pr’ﬁiE’mmibwe remitten to the
I

cells, for exanple, every 100 mlliseconds in order to retain the stored

data in the Y Caihefe alE\eiriel bBdiffifeng thdor) Aevice &Ml Blef6f iRsAi N9, Wi | |
only retain stored data as long das power is supplied to the nenory device.

Wien t he podertraiipplsterho Theetype obmemiwyideeice shosenrfoda epécifid fypplidatian deperidost .

! largely upon what features of the memory are best suited to perform the particular
function. For instance, dynamic random access memories (DRAM:s) and static random
access memories (SRAMs) are used to temporarily store program information and data

“actively” being used by a microprocessor or other control device.

[0003] Random access memories tend to provide greater storage capability and
programming options and cycles than read only memories, but they must be
continually powered in order to retain their content. Most dynamic random access
memories store data in the form of charged and discharged capacitors contained in an
array of memory cells. Such memory cells, however, are volatile in that the stored
charges will dissipate after a relatively short period of time because of the natural
tendency of an electrical charge to distribute itself into a lower energy state. For this
reason, most dynamic random access memories must be periodically refreshed, that is,
the stored value must be rewritten to the cells, for example, every 100 milliseconds in
order to retain the stored data in the memory cells. Even SRAM:s, which do not
require refreshing, will only retain stored data as long as power is supplied to the
memory device. When the power supply to the memory device is turned off, the data is

lost.



WO 20061113815 PCT/ US2006/ 014762 [0004] Efforts have been underway to
create a commercially viable nenory device that is programrabl e, randomy
accessed, \?’6%5159 yflkatile. To this end, various inplemep@ivgif@irssuch
nonvol ati | e random access nenory devices are presently being devel oped

whi ch store data in a plurality of nenory cells by structurally, chemcally,
or magnetically changing the resistance across the nenory cells in response
to predeterm ned vol tages respectively applied to the nenory cells. Exanpl es

of Such. var gy " CBeRtanse UEHPLXAARN, G5 Suckiio] Uil diassy DasRdnaRoRo! yTer s

per ovski tes, anor phous “si'T1con netic I'ces, ‘and chalc ni de

gl ass. [Oo%ch%myprdgmﬁmﬁc,r@ﬁd&hmecmhﬁ evbtl® Tbithls ewdl weiowy be
witten thereto by applying a voltage having a predeterm ned level to the
menory cel limpMmeitatioisoisash thomvelacibt mndain acesss shanogy ddviesgie priesentiyrheing
cell relative to the condition of the nmenory cell prior to the appljcation

of the vol tdsyeloped sdighetoradate in 8 Plumbtygemaemery ¢alls b¥ stmaiirplly, whemically 15 or
restored in_the ry cell applying a second reverse olarity vol tage
o the: merdPUB LSRR chuiging 5By refmts 2o HEPEnore st SRS *mmnory
cell back t gl : é@f&i I gn&)n 0 ve the
sane magni tﬁjg(g&grsxﬂlﬁ%e v?ft%gé[seréﬁcicggﬂﬁa chnérzgeﬁgligsdt;l gﬁg st g't E xlg@ﬂsc'?a Ise, o)
that the memgahle reddthiiceahemoapdbicesdhcludt eidsk basdden poBinreheyasliss, dopedut
being frequently refreshed. [0006] Menory cell structures enploying

chal cogeni denorphens silicorpamagneticalevicen nod chelspgatidaglassackbone may al so be
suitably conditioned to exhibit a differential negative resistance (DNR)

property. DNR ¢ cogeni de devj ces have a | arger,  peak-to-valley
current-voua&p%SLtignmwveﬁablecs@%% pepPreescllise Brsh yalhe RANOCRAIEas wel |

as ot her | | | ] i f.far ' HVen:

"ast st ance TS b B3 EBE AN BN ChReRtnt AL AR oSS Bhich,
and hence |@afgRaNRkleial PRistRite Ifbughahit therivyl @llirBEtiSP S the dbHdition of
conventional devices. The properties and nethods of maki ng DNR chal cogeni de

devi ces ar ehdesamotyetlliprioyrteahenpplitatioh of mhd v@trageatie secondppluies at ttendefault
10/ 410,567, filed April 10, 2003 to Canpbell (Pub. No. US 2004/0202016) and
U.S. Pat entvalijspmaydie Brittes to porasyaredan the meaepry ¢kl by@pphompa secgnd reverse

polarity voltage to the memory cell, to thereby change the resistance through the

memory cell back to the original level. The second voltage may or may not have the
same magnitude as the first voltage. Each resistance state is stable, so that the memory

cells are capable of retaining their stored values without being frequently refreshed.

[0006] Memory cell structures employing chalcogenide materials as the resistance
switching backbone may also be suitably conditioned to exhibit a differential negative
resistance (DNR) property. DNR chalcogenide devices have a larger peak-to-valley
current-voltage ratio than chalcogenide devices used as memory cells as well as other
properties which make them exhibit a differential negative resistance. As a result, DNR
chalcogenide devices have greater stability, and hence less power consumption and
faster switching speed than conventional devices. The properties and methods of
making DNR chalcogenide devices are described in greater detail in U.S. Patent
application no. 10/410,567, filed April 10, 2003 to Campbell (Pub. No. US
2004,/0202016) and U.S. Patent application no. 10/193,529, filed July 10, 2002, to



2 WO 2006/ 113815 PCT/ US2006/ 014762 Canpbell (Pub. No. U.S. 2004/ 0007749),
the entirety of which are incorporated herein by reference. [0007] RAM cel |

densities ‘Ig;@vzg%ﬁ/ﬁgiglgased dramatically with each generati %%szodﬁff)‘i‘hﬂf’g gns

and have served as one of the principal technology drivers r ultra large
scale integration in integrated circuit manufacturing. Typically, SRAM
devi ces consist of at |east four transistors. For exanple, Figure |la
illustrates a basic six transistor cell wth NMOS | oad devices and Fi gure

Wi four ariaplel (b NETD'S: 284 B EGaED o VARR g AR e

attenpt to HedlHA fefe@erfde! CUI t conponents and thus the size of an SRAMis
shown in Fig. 2. "A pair of Esaki diodes or resonant tunneling diodes are
connected in series; however, their peak-to-valley current-voltage ratio is
typi cal |y | esf0007hanRAMicblisleasides hidveiingeased cramattadlyiwith yadhogenaraival dfer
chip size. Thus, an SRAMcircuit having inproved stability, non-volatility
and decr easty Pesigns apdrtavasenved as onelof theaprircipa e dmotngyndyRierofor AE laRgENTI ON

0009] The | ti | at t 1 at.i d RA| | | d
ssoct at ed FOF PRERGHOPa MeRted Soant e tBrasta, RrlBar RoAL doghty Gt "
assoc at o fropeert yYRffBaP en

1 er ent ale . NGl frahtott 2R6Cc IR, 19DAcoRaRIIA P YAE Sy LAGHO col

Exenpl ary enbodi e present ‘I nvention provide an S

i ncl udes t weithINMOSIoad gRpicecaritt Figees 1b dheolatds acfoal eagsistod ecltievhaesiger ves as
the |l oad of the other. The nmenory cell is fabricated by serially connecting

the two DNifadpullapgiavicde HéEth ey adsixctramsisporeelly SSRANVREclbdensizds limitedeat e a
smal|l footprint design. Alternatively, the cell may be fabricated by

pl acing the t erially connecte DNR ¢hal cogeni de devjces in .a

si de- by- si de ﬁfﬁ&ﬂgljt ' Qe atfrarpico fé&B?Fpﬂ‘&rcyfcungBHtR%ﬁEs, usthasizef es one

DR chal cogqiA s 385w ih i I "R PafibrRafl dibEUESrSRbdnaRl Skl i Sdeshre
connected in series; however, their peak-to-valley current-voltage ratio is typically less
than 9, thus sacrificing circuit stability for a smaller chip size. Thus, an SRAM circuit

having improved stability, non-volatility and decreased power consumption is desirable.

BRIEF SUMMARY OF THE INVENTION

[0009] The invention relates to static random access memory (SRAM) cells and
associated formation techniques. Various exemplary emobdiments employ differential

negative resistance (DNR) chalcogenide devices.

[0010] Exemplary embodiments of the present invention provide an SRAM
which includes two DNR chalcogenide devices; one DNR chalcogenide device serves as
the load of the other. The memory cell is fabricated by serially connecting the two
DNR chalcogenide devices which may be vertical stacked to create a small footprint
design. Alternatively, the cell may be fabricated by placing the two serially connected
DNR chalcogenide devices in a side-by-side layout. In another exemplary
embodiment, the SRAM includes one DNR chalcogenide serially connected to a

reversely biased diode.



WO 2006/ 113815 PCT/ US2006/ 014762 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011]
FIG lais a circuit diagramof a conventional RAM nenory cell enploying
si x transiVé@ae0e/1138dp12] FIG 1b is a circuit di agram of ﬁ%@ﬁ%‘ﬂf’%ﬁm SRAM
menory cell enploying four transistors and resistor |oad pull-up devices;
[0013] FIG 2 is a circuit diagramof a conventional nenory cell enploying
resonance tunneling diodes; [0014] FIG 3 is a circuit diagramof a nenory

cell according to an e [ di h r j nvention; [0015]
FIG 4is acurrent-v Jé‘a]érﬁé&r ' 651:-:1 ot Wkﬁ i nventi on;

[0016] FIG LS. .2 Gl it. di agram of a nory cel | rdi ng _to,anot her
exenpl ary enﬁggmﬁnféﬁial‘féaic W fhagrem Gﬁfxﬁt@naéwzinﬁ?@%ﬂl di agr am of
a nmenory c > COLdi ] not her exenplary enbodi nent of the invention;

[ 0018] FI GQH‘Fllss %51%&:%?131%%@0' tage graph show ng operation of the enbodi nent
of the invention of FIG 6; [0019] FIG 8 is a cross-section of a nmenory

cel | accordigo1y arFlexaridsardircuftatigrimt dfancoveadsie SRAN he@obnydint i on;
[0020] FIG 9 is a cross-section of a nmenory cell according to another
exenpl ary emphoyimgfowrtransisoas aedresistor loed pnllemt deicesand [0021] FIG 10 is a
processi ng system having a nenory device according to the invention. 4 WO
2006/ 113815 PCT/ US2006/ 014762 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022]
Al t hough t hi d0PRlentFI&n Anisia cirsaitghiagrampelc ¢anventiggal grerpert ¢allerenleypBar y

iegb;)ﬁlerrgpz %ésogmc%r e cOdg'gl%Qitcés; that are apparent to those of ordinary skill

[0014] FIG. 3 is a circuit diagram of a memory cell according to an exemplary

embodiment of the present invention;
[0015] FIG. 4 is a current-voltage graph showing operation of the invention;

[0016] FIG. 5 is a circuit diagram of a memory cell according to another

exemplary embodiment of the invention;

[0017] FIG. 6 is a circuit diagram of a memory cell according to another

exemplary embodiment of the invention;

[0018] FIG. 7 is a current-voltage graph showing operation of the embodiment
of the invention of FIG. 6;

[0019] FIG. 8 is a cross-section of a memory cell according to an exemplary

fabrication embodiment of the invention;

[0020] FIG. 9 is a cross-section of a memory cell according to another exemplary

fabrication embodiment of the invention; and

[0021] FIG. 10 is a processing system having a memory device according to the

invention.



are also within the scope of this invention. Accordingly, the scope of the
invention is defined only by reference to the appended clai ms. [0023] The
term "subsVPAHW11IHEd in the foll owi ng description may i RETIH004NA4762
supporting structure including but not limted to a sem conductor substrate
that has an exposed substrate surface. A sem conductor substrate should be
understood to include silicon-on-insulator (SA), silicon-on-sapphire
(SCS), doped and undoped sem conductors, epitaxial |ayers of silicon
supported by a base EBE&H&RID@BSCRWF)@FTHEH TIEMNconduct or
structures; however, materials other than sem conductors_can be used as
wel | so | ong 0822 e yAlktheugly this iventign silh b descip Cidﬁ%lé@frf%ﬁ @lerestaire evemplagien

f b fe he f d
br evi ous. prBUBEEmEh 8, SR ﬁﬁs@%ﬁ%w bBkeREra Biost PLATAET SR T s
i N Or OVer 4@ g 8@%@&&?&1&&8@ %gﬂé\s H{VCBBH tcb&f&nég%é]scgﬁ?of@ﬂé%vmuon is

"chal cogeni de ass”" 1s 1n ed to |nc e gl as hat® conprise an

el enent f r@ll&ﬁgé@uﬁly\ﬂyﬁrcf&énwmuhchﬁpcmcdtdlﬁnger| odic table. Goup VIA
elenents, also referred to as chal cogens, include sulfur (S), selenium (Sc),

tellurium (Te), polonium (Po), and oxygen (0). [0025] The invention
provi des an S8R8Ive nbhy tarel fsubatrateZrused u‘aghecﬁollswong descliption ezaytinclt any

Ut/ out pENPRHB SSRGS MOV TORATIE (G QM Ao o et SBATIBamRe
i nput/outp alydas
| oad of t Qﬁa&cﬂ‘%h}%stﬁ% Qur%a\% }I;'@érﬁl 8{19: Sin?é’s'n%‘?c CHR& 'b%%id%r% el ?onﬁcﬂl(atet om

el ectrode an coge ayer aVI a I esl S ance varl a

Wien the apii-eR/draiultASOT), sﬂm@d-slqlsapptﬁmsw I dopéuefdaﬁ&dsgédnng pOI nts

exist. One of the points is Unstable, while tw of the operating points are
stabl e, w sétmaoadaétors)epitpriahviaykers oﬁsﬂntmupplolagéamHasctshm@inhlﬁctcmt
hi gh- vol ta%e at the |nput/out put node. The nenory cell can be switched 5 WO

2006/ 1138150 200 eLlr spBiconsecigsstrucHises; Saweyet agpscririelothss thargh- vol t age

states by pul si ng the m ddl e nput./{ out put node with ellther a |l ow.vol tage or
hi gh vol taégmcon uctors can be used as'well so long as they are suitable to support an integrat

circuit. When reference is made to a substrate or wafer in the following description,
previous process steps may have been utilized to form regions or junctions in or over a

base semiconductor or foundation.

[0024] The term “chalcogenide glass” is intended to include glasses that
comprise an element from group VIA (or group 16) of the periodic table. Group VIA
elements, also referred to as chalcogens, include sulfur (S), selenium (Se), tellurium

(Te), polonium (Po), and oxygen (O).

[0025] The invention provides an SRAM memory cell, and an array of such cells,
each cell includes two serially connected DNR chalcogenide devices having a common
input/output node between them; one DNR chalcogenide device serves as the load of
the other. Each DNR chalcogenide device comprises a top and bottom electrode and a
chalcogenide layer having a resistance variable region. When the appropriate bias is
applied to the cell, three operating points exist. One of the points is unstable, while
two of the operating points are stable, with one of them provided at low-voltage and

the other at high-voltage at the input/output node. The memory cell can be switched



[ 0026] As explained in co-pending application serial no. 10/410, 567,
chalcogenide devi ces can be nmade to exhibit DNR operational nbde at negative
bias wheny ges are anneal ed, when silver |ayers the
resi stance varla{ﬁﬁ18 regi on thereof, and when a negativeaggpﬁggﬁggﬁ?se is
applied to the structure at its top electrode. The DNR node stays stable at
roomtenperature, nmaintaining a peals-to- valley current-voltage ratio of
about 130, but can tolerate tenperatures over 200 C wi thout | osing

funct i onal | hoteel ot [SPYLlad o vaﬁggc étgfcmgr@nfﬁagpxc middle DR based

stati c RAM can n| nu er svm ching speed
than Convenifn ﬁf‘/%u ﬁt’h@&émﬁﬁmlﬁlc%m)(roltg dliéagal so conpatible with
dom nant | con-based CMOS t echnol ogy. 002 The rnvention will now be
expl ai ned vvlth reference to the acconpanying figures. Fig. 3 illustrates an

exenpl ary enb§oi2édnt Asfexplungal ms@nperiding applantioA séiiasto. 1DMR10/567¢ ogeni de
devi ce 10, the construction of which is described below, is connected in
series to achalwegenidengrvicssrabhemades taswhidbi DOR SE@:T@HGH@NRO de pnegsgEnbige

transi stor Ghie B¢ &gﬁgﬁ%@g@%{]w CEP%%%'HSCO%@#&& £0 e 3PS YDl ¢ age
[rom a vl g B:bhid Wl o\ ReRuAoficde irluceryang t‘b"iﬂcgﬁﬁhe?éaégst 0 to

switch the nory A a so stor state o menory “back

to the bit ¢ledtoddI€Thé MNRGHEAE stags dtsble a€Edoma k@ pbidtidre Sin@iithinidpQOB&k-tbhe
manner of constructing and operating a DNR chal cogeni de devi ce, e.g., 10,

20, and i t svallpgcatrengvalbgycaatiefof aboatsl 30,dbutesn toloede tempeahairts over 0PP Kt at i on
nos. 10/410,567 and 10/193,529. [0029] Fig. 4 illustrates a |oad-line
current - vol Wageutlmmgcﬁmcmcsmahcy oﬂs alresudt ofchie thiglt pcaili—g).-VSICmi,tnho QNRves

respectivel pres he current/vyol t age, rel ati onshi ps_.of the
chal cogeni s §rate FUAM cRRcORRBRte PERD 1 BH BRI TERPUCE st‘tﬂhéwv‘e}waaaceén t he

6 WO 2006/ 138130 SR A0 Q1 4RGe mc?r?cﬂ'g t%}}\gbl(gg%r &hko c%%ﬂa%%h Rith HorRYE the

current. Three ope&-‘ﬁl ng pornts exi's
silicon-based CMOS technology.

[0027] The invention will now be explained with reference to the accompanying
figures. Fig. 3 illustrates an exemplary embodiment of the present invention. A first
DNR chalcogenide device 10, the construction of which is described below, is
connected in series to a second DNR chalcogenide device 20. Second DNR
chalcogenide device 20 acts as the load for first DNR chalcogenide device 10. A
transistor switch 5 controlled by a signal on a word line applies a voltage from a voltage
on a bit line to a node A between the two devices 10, 20 to switch the memory. Node
A also outputs the stored state of the memory back to the bit line when the word line is

activated by a signal.

[0028] The manner of constructing and operating a DNR chalcogenide device,
e.g., 10, 20, and its operating characteristics are described in detail in application nos.
10/410,567 and 10/193,529.

[0029] Fig. 4 illustrates a load-line current-voltage characteristic of the circuit of
Fig. 3. The two curves respectively represent the current/voltage relationships of the
DNR chalcogenide devices 10 and 20. The horizontal axis shows the voltage on the



circuit. Points 100, 200 are stable operating points. Point 300 is unstable.
This condition occurs when both DNR chal cogeni de devi ces 10, 20 have the
same curre Oggflwgg tage and are therefore biased at thepSay&euah NI

poi nt 300. [0%) I'n operation, a |low voltage state may be programmed to the
device when a positive voltage is provided to the word line to turn on the
transistor switch 5. A voltage pulse of zero is applied to the bit |ine.
This voltage pulse will force the node A to be at a | ow voltage, or point
100 on Fig._4 ihch is. a stabl.e ,point. Because,jt is a_ . L ok Nt ,
node A Wil |n%df°af$h WalTJ%ade B’ﬁft%'ﬁ ?Jﬂsggpws{}hc SH%H ?g#cf c@a:aﬁn&mnﬁésﬁé?usg If%vmr!l'lﬁg.
[0031] To pHRYIEPIRG 14RY 208 4O s@bll cHeriti BélResS iRy 300% ykigeTRE se
applied to the Et i'ne’while tsﬁe v%;rltrj Iigtn receives a positive voltage,
turni ng on d¢onalitdors bedurs wheefilboth DNR dhihlcagemibe ageicaol), 2hhave the sane exeomp ary
negative voltage of 0.6 volts in Fig. 4. This voltage pulse will force the
node A to tandavoltageaadiase terdefors bijassdnt thesame opexpting poinih3@h is a stable

poi nt. Because it is at a stable point, node Awll stay at Vdd with only a
very small curre fégwi ng.. [0032] Tp read out the voltage, at node A .a

posi tive vol t&‘&@%ﬁ ' PRICPEttoR, pilev NGaES {TRISIRTL0S BFOETamORRLa ‘ihﬁrﬁjd§1W§F gthen
swtch 5. T .at f IS, I t hhou e [ g it gh 5 by a
o 5 Lot e R SRR (REon ERRSLSLBE i 810 bV
node A W | lyciagy pmscw%ewrsragpﬁc;&%@% bififiné.OTHisAllaBe pRRE AN FORE thé hE6dE A
does not pose a’large enough disturbance to swtch the state. A parasitic
capaci tor 3o, best sloswwoltige, & poinb 106wy Bigs4, whichds atseathlapoinadBedaus¢ 3G83] a
Thus, the input voltage at the center poQint between the series-connected
devi ces swiftetle pou; RednAvwill sspvROAslow, voltage yrtepnlytie vewmimal| cusrent Hewing.
switching transistor 5 and the voltage applied to the bit line and the

i it t i t abl t cl t.o vdd -, do A bet vdd
Shd Vs od- P niodgiy &4 Brobrerh B8 et i od it woltnek st o OLags PSSR  He

e AN " peg th
Creuit 1o MROCHACHRIPERON ok EnOtARlves h Botfile Folral Bhtrhe BRI SEror SHRER, | 1
to 7 WO 200853 488451:RETV LISHAL &l 47 6 mplary negative voltage of 0.6 volts in Fig. 4.

This voltage pulse will force the node A to be at close to Vy, or point 200 on Fig. 4,

which is a stable point. Because it is at a stable point, node A will stay at V,, with only

a very small current flowing.

[0032] To read out the voltage at node A, a positive voltage is pulsed to the word
line to turn on the transistor switch 5. The state of node A is read through the
transistor switch 5 by a peripheral circuit (not shown). Due to the high stability of the
device, node A will stay at the current state, as long as the peripheral circuit does not
pose a large enough disturbance to switch the state. A parasitic capacitor 35, as shown

in Fig. 5, may also be located at node A.

[0033]  Thus, the input voltage at the center point between the series-connected
devices switches between Vg and V.4 under the control of the switching transistor 5
and the voltage applied to the bit line and the circuit output is stable at close to V or
Vigouma: Anywhere between Vg and V.4, the SRAM circuit is unstable and spurious
noise will shift the circuit in one direction or the other, to Vy, or V.. However,

once the circuit is in one of the two logic states, it is stable and has the ability to



wi t hstand noi se up to the peak vol tages, Vpc, kl and Vp. k2, as shown in FIG
4. It should be noted that the orientation/polarity of the devices nay al so
be rever s803WeA1I8AHt Vdd is positive and Vrnd is rel at PGRIUG2NEQLT6% e or
Vdd is negative and V& o"nd is relatively positive. [0034] Another

enbodi nent of the present invention is illustrated in Fig. 6. The <circuit
of Fig. 6 uses one DNR chal cogeni de device 10 and one reversely biased di ode
60. The reversely biased di ode 60 serves as a_constant current source for
the DNR cHWithstagdmioiss ueta the mek veltaggsaV ot h ¥ e shpwa ia dil(e 4 At shepldy,

t he enbodigent jllustrated i.n Fig. .6 0 has two stabl e operati Lnts
101 and. 400¢ Mgkt that Fe SlsSitatiPn oSlarit B9 defites 2 %&F&%&éﬁﬁ“&g%ﬁgﬁﬁe 50
i ntersect s;Mid; lxpad- ki t bi a L.ode 60, as
Shown | n Fog O R e e B e A e B B

chal cogeni gesidles/i ce 50 and the reversely biased diode 60 to apply a voltage

pulse to switch the nenory and to output the state of the nenory cell. The

switching of the nmenory state is manifested in the output voltage at the
out put node [8034]t shmathdr bmbodimehttdfahe prasenteinwentidryishllestededinolkig. 60 The

operates at, a .very. lgw curren ich provides_the circuit with the

addi t i onal CKEHBAT é)@e Ogtses olf fqﬁ%émfcoseﬁ% ABYIFORY ARAODEIEYIBeY ﬁv@ﬁcJ;&Oéc
reversely bhasgd diod . pertor accardi ) in
the art. [ BOSS VY BRG P HPE OPLIRE RS Seb R R T B R

chal cogeni g, ic SR dedeides .08 36 th 1AL IR curfirSRAMAEDENbE @ ent
fabricated by stacking two DNR chal cogeni de devi ces 208, 209 vertically to
create a 4flRisdesidgn Hig. 6 hisohas owé btable Gerdthey poinss 1 TNEhd HAl cwherei the labelvi ce
208 is coupled with a power_ supply Vdd, (not shown for sinplicity) on

substrat e Hnacurmedlfof the IDNR eieddagspisisi desica S interswes withitpe lasdsling W%é?

| ectrode 2 | ed, t d, hal 2 || 203 havj ng DNR
char act e i of ety pised oires o8 FhaER 3o 1. 7hchn Sdhich o ol ROt b of
first DNR i i i gh s ect Lo , th
vt ces, | SEHBBBRGRAHE DHR e ettt ABitest Uid HORRRLRIHSIOR 856 1 "

devi ce 209 ap%lﬁi laGidltag® BRlst $6 Swiek eheinRhRiY hAd @0 Pfputarthe Rat€ 89 EHY Memeey telk05
havi ng DNR characteristics,
The switching of the memory state is manifested in the output voltage at the output
node B. It should be noted that the reversely biased diode 60 operates at a very low
current, which provides the circuit with the additional advantage of low current
consumption. The fabrication of a reversely biased diode may be performed according

to any method known in the art.

[0035] In the FIGs. 3 and 5 exemplary embodiments, two DNR chalcogenide
devices are connected in series. An SRAM memory cell fabricated by stacking two
DNR chalcogenide devices 208, 209 vertically to create a 4f2 design is shown in FIG.
8. The first DNR chalcogenide device 208 is coupled with a power supply V,, (not
shown for simplicity) on a substrate 201. The first DNR chalcogenide device 208
comprises a first electrode 202 coupled to Vg, a chalcogenide cell 203 having DNR
charactcristics, and a second electrode 204. The second electrode 204 of first DNR
chalcogenide device 208, which is the connection node between the devices, is in
electrical communication with the second DNR chalcogenide device 209, which

comprises second electrode 204, a chalcogenide cell 205 having DNR characteristics,



8 WO 2006/ 113815 PCT/ US2006/ 014762 and a third el ectrode 206. Layers 203
and 205 may be nultil ayered devices, conprising, for exanple, a first

chal cogeni yer, a metal -chal cogeni de | ayer, an

chal cogeni gxg)gﬁoileés*sgyer_ The second DNR chal cogeni de de\%%?%g@?lgmzcoupl ed
with Vgo,,,,d (not shown for sinplicity) via third el ectrode 206. The
swtching voltage fromthe bit line as applied by the switch 5 of FIGS. 3,
5, and 6 is connected to second el ectrode 204, which acts as the second

el ectrode of the .first R,ehal¢ inde i n h Ik el ectrode
of the seco?ﬁrb& bﬁﬂ*‘iﬁ%%%%%@ge L&i\%??@%f@&%g&%Xé%ig%g'gl,ﬁ#ﬁlec‘%is érvtrﬁ%%hre may

al so be i nV@drhgﬁsiﬁ\gtﬂar eksh rcgJQﬁrs%Qth@bgaﬁ&@g/mkselqyé@amala&mc@kﬁfateug@g 2P
coupl ed to ground. 1t shoufd be noted that Vgwund fmay al so be a |ow Voltage
rel ative toasecondhhnlcogtnidgglassithyeo Fhd sachnd A¥NBReashabegepit3teyicA208rinat i vel y,
the cell may be fabricated by placing two DNR chal cogeni de devices, 308, 309

s |h dfa- by- si g@tgxl@i withsYyasis r(a@teslszfmq foxsimplisify) via third ckg:.troph'—g’l%r he E)anz:lnnf
i ice 308.is, i Vi
o ty) VolEgge didin e b Tits s ipRted by She pREIER of HRGS)A o pchd Berodigted 1S

conpri ses } Hede I i . }.E&gj :

el ectrode g%cfﬁbﬁqtﬁg%gggé r%gqérvggcglrzaocé% sgtg sg%?ﬁfn%l‘?és%{&%\g %Eg"fl%tgggrlﬁl ¢ e géﬂlg g
308 is in elestd 208 hnd eieTHRE 6REIr6de Vf tHe sebéhd BAOR G halebbeiladerigen0ge Gfevi ce
309, which conprises the second el ectrode 304, a chal cogeni de cell 305, and

a third el ecoursej¢h88Buctuay sray aBodcainders@bwith\elézerodad( beingeoepledaoiVgeand
conprising, for exanple, a first chal cogepjde glass |ayer, a netal -

chal cogeni d‘élC‘Ft&?/‘_ffr ?@ﬁ@%ﬁ@é@(&ﬁﬂ%a}t@g\@@[& trngteadbet Tyer manase Be adavonR
R e A A N A
connected to second el ectrode 304, which is the node between the devices
and whi ch act t heyis I i i i ce
308 and the. vorlcl GURFEARALE BELUERRY B AR BT plachis o DIIERILGSARE,
this case, Hbtes 308, 309 shttdpgsideneti 4 sulisthaed 3QL ,ablshoiva in F1QJ9¢ el'rofilst DINR

first and second DNR chal cogeni de devices 308 and 309 )
chalcogenide device 308 is coupled with a power supply Vg, (not shown for simplicity)

at electrode 302. The first DNR chalcogenide device 308 comprises a first electrode
302, a chalcogenide cell 303, and a second electrode 304. The second electrode 304
of first DNR chalcogenide device 308 is in electrical communication with the second
DNR chalcogenide device 309, which comprises the second electrode 304, a
chalcogenide cell 305, and a third electrode 306. Layers 303 and 305 may be
multilayered devices, comprising, for example, a first chalcogenide glass layer, a metal-
chalcogenide layer, and a second chalcogenide glass layer. The second DNR
chalcogenide device 309 is coupled with V.4 at the electrode 306. The switching
voltage as applied by the switch 5 of FIGS. 3, 5, and 6 is connected to second electrode
304, which is the node between the devices and which acts as the second electrode of
the first DNR chalcogenide device 308 and the first electrode of the second DNR
chalcogenide device 309. In this case, there is the added benefit of being able to
produce both of first and second DNR chalcogenide devices 308 and 309

simultaneously.



si mul t aneously. 9 WO 2006/ 113815 PCT/ 1JS2006/ 014762 [0037] It is worth
noting that the current-voltage curve obtai ned by using such a DNR

chal cogeni §¢g dRyiiER1as @ peak-to-valley ratio of approxi paisYedefl7éd room
tenperature. This peak-to-valley ratio is significantly higher than that of

known devices such as Esaki diodes or resonant tunneling diodes which have
a peak-to-valley ratio of |ess than about 125, providing the device of the
present invention greater stability over devices of prior art. Thus the

voltage state al l._devices remain inta even in the resence of levels
of spurious ni?@g]v\hilﬁf’f %f}ﬁdl%@m‘ih& Cvuvlg’{cﬁtﬁ?eﬁﬁcc‘éurrlvg oggﬁgqcfﬁ%%l%ag Slfclho%

ot her devic Q ey abi k-toD@llee YAt o B5EMe1Pa30 8 rbSmhi ghl y
stable wt hEE?%% Qgﬁ%q[ chi ﬁg‘;@%g&e?’?g%é( %1 ni gnﬁ}/n poe\gdrp%g(b)nsun% ?osg.a Igurt her
advant ageousdmyperitiee. d€lisqgrak-dosallesediotiesighificantubighsr ttessthahofksgyac devices
conpared with conventional SRAM technol 0%6 which requires four to six

t ransi st or ssuciifs Esaldrdipges: eciesenang yunrcliagsbodesonpigh havea pealrtetsaiey gato of

il -b d t | .,..[ 0039] Fi 10 i i nplified black
o111 con-basgd, QMR echoe) ool 0000l B 105, Biel ol LiLed Dotk ovr
exanpl e, any oﬁ@l’ﬂo?ﬂtf‘grﬂ?svﬂh%%%ké e bihley DF R HEH ced ﬁﬁfahxﬁﬁl & evin i@Me 6, 1N

i ta
accordance wth't I nventlon. rotessor system such as cohputer system

general |y cpiepericeas |evebastispatiols 6186 Sihith woild i6tdeke hhrh SRAMIcES cdnstructed
m croprocessor, a digital signal processor, or other programmuable digital

| ogi ¢ devi cBom Ghehdddedsces conmmuni cate with an input/output (1/0 device
156 over a bus 152. The nenory 158 communi cates with the system over the

bus 152, typically by menory. controller. In the case of a conputer
system the prl@ sor\draptagsent C[S@WF?)#@F’@F“HE%*EE@%&@M S@Y%Wﬁﬁékglari ve
155 and a CD-. drive 157 . .which also communicate wth the CPU 154 over
the bus 152vidies gporRgalmi el pRnePco bR Sl aivh b atba e G ¢
whi ch inclu : ' d9Esh " 158 nmay be
ombi ned wi P e Rl A G gl Peh BV tfor P SRANY

technology, which requires four to six transistors. This memory technology is also

coméatiblc with dominant silicon-based CMOS technology.

[0039] Figure 10 is a simplified block diagram of a computer system 150, which
includes a memory circuit 158, for example, an SRAM employing devices as illustrated
in FIGs. 3, 5, and 6, in accordance with the invention. A processor system such as
computer system, generally comprises a central processing unit (CPU) 154, such as a
microprocessor, a digital signal processor, or other programmable digital logic device.
Such devices communicate with an input/output (I/0) device 156 over a bus 152.
The memory 158 communicates with the system over the bus 152, typically by a
memory controller. In the case of a computer system, the processor may include
peripheral devices such as a disk drive 155 and a CD-ROM drive 157, which also
communicate with the CPU 154 over the bus 152. Memory 158 is preferably
constructed as an integrated circuit, which includes one or more memory devices. If
desired the memory 158 may be combined with the processor, for example CPU 154,

in a single integrated circuit.

[0040] Various exemplary embodiments of the invention have been described

above. Although this invention has been described with reference to these specific

10



in asingle integrated circuit. [0040] Various exenplary enbodi nents of the
i nventi oRyd3)e1 PR described above. Although this inv i een
describegvm?% eﬁgrence to these specific 10 WD 200611 %ﬁm&@ﬁwﬁ

PCTI US2006/ 014762 enbodi nments, the descriptions are intended to be
illustrative of the invention and are not intended to be limting. Various
nodi fi cati ons and applications may occur to those skilled in the art

wi t hout d ' r . Lr : ' ]

det i ned i GAPpalrithes B detiiphio® aiinfodioRd biReraRive b e BVERNO e -
devi ce, cAsPinkéided: todbedirhithips WirddusiRadifitatfons AR Spphcfichl thHOSR AL 66 tidRki ce;

a reversely biased diode electrically connected in series with said

di f f er ent §kalled inehatart withesi depanting fbad degen spirivand scopesfithe senten as
connectio gg{ said diffe en&LaI negati ve resi stance chal cogeni de devi ce and
sai d reve c9“Bi §éHP%ﬂ4ﬁk§%qﬂﬁﬁ ng a connection node which provides a

vol tage representing the stage state of said nenory device; and a switch
coupl ed to said connection node for coupling said voltage to said

connecti on node and switching the nenory state of said nenory device. 2. The
menory device of claim1l1l, wherein said differential negative resistance

chal cogeni de device and said reversely biased diode are stacked on top of
each other and share a comon el ectrode. 3. The nenory device of claim1l,
wherein said differential negative resistance chal cogeni de device
conprises: a first electrode and a second el ectrode; and a chal cogeni de
structure separating said first and second el ectrodes and in

11



el ectrical communication therewith, said chal cogenide structure exhibiting
differential negative resistance characteristics. 4. The nenory device of
claim 3, wherein said chal cogenide structure conprises a first chal cogenide
gl ass | ayer, a netal -chal cogenide |ayer in contact with said first

chal cogeni de gl ass | ayer, and a second chal cogeni de gl ass | ayer in contact
with said netal-chal cogenide |ayer. 5. The nenory device of claim1,
wherein said switch applies a |ow voltage to program said nenory device
with a |ow voltage state. 6. The nenorgrgdevsce of claimb5, wherein said
connection node applies a high 12 voltage to program said nenory device
with a high voltage state. 7. The nenory device of claiml, further

conpri sing a RAeRichifedG@paci tance electrically connected to said
connection node. 8. A static random access nenory device, conprising: a
differential negative resistance chal cogeni de device; a reversely biased

di ode el ectrigal | y AGOORGS uSHcd BoritlslngS W th said differential negative
resi stance chal cogeni de devicé, sald series connection of said differenti al

negati ve resi st ance diffesintidlgegdtide redistanesechalengenide deviceyer sel y bi ased di ode
formng a connecti : j Fﬁ%hﬁiﬁﬁpﬁ i pn node for
switching the nEnD?3&§§§?§m§gﬂgg?§§%%%%§?§9@§%§gg§9 : e éﬁ?%%hgf claim 8,
wherein sai d dedafies msistarek chadepgenidederiss,issid acre comadtivo gésiididiferdetial ce
comprises: a ‘L!ﬁgraﬁ% RLSEE %ﬁjaﬁcol%nq?eade%ecg M a%'r&%rrsg@fﬁ%secf&gd afoﬁ%ﬁ%?.t ance
vari abl e regi orrseparati ng sa d 71 TSt gnd?Second Vel ect rodes and i n
el ectrical conmmactvatnbdawlitieprevidéshy, voitagedepressntigaliecstage athical badd mergorgn
exhibiting differentjal negative resistance nenory behavi or and storing at
| east one nendfY%t% e in response to applied voltage.

a switch coupled to said connection node for coupling said voltage to said

connection node and switching the memory state of said memory device.

2. The memory device of claim 1, wherein said differential negative resistance
chalcogenide device and said reversely biased diode are stacked on top of each other and

share a common electrode,

3. The memory device of claim 1, wherein said differential negative resistance
chalcogenide device comprises:

a first electrode and a second electrode; and

a chalcogenide structure separating said first and second electrodes and in
electrical communication therewith, said chalcogenide structure exhibiting differential

negative resistance characteristics.

4. The memory device of claim 3, wherein said chalcogenide structure comprises a
first chalcogenide glass layer, a metal-chalcogenide layer in contact with said first
chalcogenide glass layer, and a second chalcogenide glass layer in contact with said

metal-chalcogenide layer.

5. The memory device of claim 1, wherein said switch applies a low voltage to

program said memory device with a low voltage state.

6. The memory device of claim 5, wherein said connection node applies a high

12



10. A method of formng a nenory device, conprising: formng a first
differential negative resistance chal cogeni de device; form ng a second
differential negative resistance chal cogeni de device at the sanme tinme as
said step of formng said first differential negative resistance

chal cogeni de device; formng an el ectrode between said first and second
differential negative resistance chal cogeni de devi ces, the el ectrode being
common to the first and second differential negative resistance

chal cogeni de d&tﬁk@%spr@agmn 5018 mbinb8ide@ROWRRE A1RA voltht @h@NT I @l negative
resi stance chal cogeni de devi ces being stacked; and form ng a sw tching

el ement coupled to said electrode. 11. A nethod of form ng a nenory device,

conprising: ferm ngpambhbidedtd dAGRY ! RlhdeOAINE o frdstik Aatitabal cogeni de
device; 13 form ng a second djfferenilal negati ve resi stance chal cogeni de
devi ce at t heelserieally cpmectadtosaidgoreetipnapds.or ming said first differentia
negati ve resi stance chal cogeni de device; formng an el ectrode between said
first and second differential negative resistance chal cogeni de devi ces;
form ng a swi 8chi nd séitiemmdomeougpd reeinarp devadedcoaipeising:ode; and connecting sai d

first differentialagggﬁ%hmg?éﬁiéﬁ%ﬁgﬁ%cggghgggg&ggg;device and said second

differential negative resi cogeni device in series to a pair of
supply term nal s, aogversélgbiassi diglealetiricaly comfeeted imcseriesobithesgdd dafifiglerttinle ot her f or

using a second r.eference voltage. 12. The nethod of ¢lajm.ll,. wherein said
Freb Tef or ondeelity BHGHCE sk device sl Sord coreuuln o el Blidrnel or ence

vol tage. 13. néativeiesiashcothatdogenidelddvict idAdirevengpbisseddjodd! fowding £al | y
connecting a parasjtic, capacitor to said electrode. 14. A nethod of form ng
a static randSMAEROBELIGAMLry device, conprising: forming a differential
negative resistance swiial @oglediodaiddaimesiion nb@ 1ot §vitcRing eheaiiendry stk as@d di ode;

memory device.

9. The device of claim 8, wherein said differential negative resistance chalcogenide
device comprises:

a first electrode and a second electrode; and

a resistance variable region separating said first and second electrodes and in
electrical communication therewith, said resistance variable region exhibiting differential
negative resistance memory behavior and storing at least one memory state in response to

applied voltage.

10. A method of forming a memory device, comprising:

forming a first differential negative resistance chalcogenide device;

forming a second differential negative resistance chalcogenide device at the same
time as said step of forming said first differential negative resistance chalcogenide device;

forming an electrode between said first and second differential negative
resistance chalcogenide devices, the electrode being common to the first and second
differential negative resistance chalcogenide devices and the first and second differential
negative resistance chalcogenide devices being stacked; and

forming a switching element coupled to said electrode.

11. A method of forming a memory device, comprising:

forming a first differential negative resistance chalcogenide device;

13



formng an el ectrode between said differential negative resistance

chal cogeni de device and said reversely biased diode; and formng a
switching el ement coupled to said electrode. 15. A processing system
conprising: a processor; a nenory device conprising: a first differential
negati ve resi stance chal cogeni de device; a second differential negative
resi stance chal cogeni de device electrically connected in series with said

first d! fferenti .al fi grgal s\égo ﬁ%ﬁ%e%éngglc% %rv‘é%%?t%ﬁ icﬂﬁco gx%ﬁé ge%icesa?tih s %ri €s
connection of said tir and second drFTeFenti a neg§t|ve resistance
chal cogeni de diexias esd §ter ofiforgnizg ohingcaliffepentinloctestive adsdtahierchhlcegraids devived

differential negati.ve.resistan hal cogeni de devj bein onnected to a
pair of supply tetf?ﬁnﬁn@ﬁaél,e?e(gﬁ%&fbg%eﬁ%fahglrétaflgf%gndréﬁgrfréthaég ﬁYet age and the
ot her for usi mgisancelchakegenild devddesy ence vol t age, wherein said first reference

voltage is negative relative .to said second.reference voltage; and a sw tch
coupled to said coﬁ?@é’ﬁ aost’iV'tr‘iBIB%elF‘SFmé':W‘fe@ﬁ? ﬁaéé‘%% Czroﬁ%ﬁﬁ‘iiy state of said
menory device. 16. cdhiRctingShidfirsd ifeteatisnndutivoesistencs chdlcdgeidldd des itk Gnd daldst

differential negatiye resistance  chal cogeni de devjce.conprises: first

el ectrode and Seﬁ%&e@ﬁ ntéq? BRERHGHESISIIeg Chaa?cgég'i“gﬂtdéﬂé‘é‘nxﬁa‘i‘?ségp gy @%P@iy
separating saitdmfdalssdnedstchsmg @ Iind refreick VOIS at e btfer 161 BGiglaisé@hd CONMMUNI cat i on
therewith, said resistance variable region exhibiting differential negative

resi stance nmefdF§"BEA4RE or and storing at |east one menory state as a read
current anplitude in response to applied voltage. 17. A processing system

conprising: a_processor; a random access nenory device coupled to said
processor and lgon-prTihg fnﬁgl_od of claim 11, wherein said first reference voltage is negative relative

to said second reference voltage.

13. The method of claim 10, further comprising electrically connecting a parasitic

capacitor to said electrode.

14. A method of forming a static random access memory device, comprising:
forming a differential negative resistance chalcogenide device;
forming a reversely biased diode;
forming an electrode between said differential negative resistance chalcogenide
device and said reversely biased diode; and

forming a switching element coupled to said electrode.

15. A processing system comprising:
a processor;
a memory device comprising;:

a first differential negative resistance chalcogenide device;

a second differential negative resistance chalcogenide device electrically
connected in series with said first differential negative resistance chalcogenide
device, said series connection of said first and second differential negative
resistance chalcogenide devices forming a connection node, said first and second
differential negative resistance chalcogenide devices being connected to a pair of

supply terminals, one for using a first reference voltage and the other for using a

14



differential negative resistance chal cogeni de device; a reversely biased

di ode electrically connected in series with said differential negative

resi stance chal cogeni de device, said series connection of said differenti al
negati ve resi stance chal cogeni de device and said reversely biased diode
form ng a connection node; and a switch coupled to said connection node for
swtching the nenory state of said nenory device. 18. The systemof claim
17, wherein said differential negative resistance chal cogeni de device
conprises: a first se&baticfeddhee asithgg wheehndiddire edferonte voapd isneg& i sdlaive e

vari abl e region seg §{| sqjd fir Ft ang second el ectrodes and in
i PR ST e o) 4 oo | i

el ectrical comuni resi stance variabl e region
exhibiting differential aswigadoupled foagidebimeconiadfoy swiethigitie menidy sthtor i ng  at
| east one nenory stfte as a read current anplitude in response to applied
vol tage. 19. A nmenSHPLPFEYYEEHEsising: a plurality of menory cells, each
menory cell conprising: 15 a first differential negative resistance

chal cogeni de device; a secand reversely bi ased di ode for storing a second
charge el ect ril8al | yhe gysieperlicladm il i vehereiras Iegptispid st differentigl negafiy ereaipfancy|
negative re5|§§@@%gn&nﬁbg@ g&hpriles: device, said series connection of said
first different ative resistance chal cogeni de device and said second
reversely biased dird®elrefFade aed ascegisdsstrodshandnode for provi di ng an out put

vol tage; and a swi tehieatilLiabit fe ﬁﬁ'sé’pa?a@iﬁ% &ﬁn@(‘an@@%né QbctobdmRiNg the
nmenory state of said nenory device nennrgke ement, conprising: a

first chal cogelerteal derpmurication Hiseeyrid, Wishedeanet waria éwqusﬁxblbﬁméétf@tﬁntlﬁ series
with said fir %Egaﬁbé‘lleglgtg&@ 'ngzﬂlory behavior and storing at least one memory state as a read

current amplitude in response to applied voltage.

17. A processing system comprising:
a processor;
a random access memory device coupled to said processor and comprising:
differential negative resistance chalcogenide device;

a reversely biased diode electrically connected in series with said
differential negative resistance chalcogenide device, said series connection of
said differential negative resistance chalcogenide device and said reversely biased
diode forming a connection node; and

a switch coupled to said connection node for switching the memory state

of said memory device.

18. The system of claim 17, wherein said differential negative resistance
chalcogenide device comprises:

a first electrode and a second electrode; and

a resistance variable region separating said first and second electrodes and in
electrical communication therewith, said resistance variable region exhibiting differential
negative resistance memory behavior and storing at least one memory state as a read

current amplitude in response to applied voltage.

19. A memory array comprising:

a plurality of memory cells, each memory cell comprising:
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device, said series connection of said first chal cogeni de device and said
second device formng a connection node, wherein said second device is a
reversely biased diode; a switch coupled to said connection node; and a
capacitor electrically connected to said connection node. 21. The nmenory

el ement of claim 20, wherein said second device is a second chal cogenide
device. 22. The nenory el ement of claim 20, wherein said first chal cogenide

device comprises: a fip sl ehechiafg.d sagond phestiadeycand a chal cogeni de

| ayer forned between sal cond el ectrode. 23.
The nenory el ement of chsdcond2@yersehebigsed diodd fr sihaigca@gmddbargeaglwtrmhmprl ses at

Frrter i e L G T T O AR
device and said S&ﬂﬂﬁdmﬁhﬁhﬁﬂgﬂmmd@uﬂEMdﬁStaﬂﬁhn@@ﬂﬂﬁn&ﬁemamkbrSt

el ectrode; a secon | ect, hal c er, fornmed between
said first el ect roaﬁ?‘:ﬁﬁ‘a’ i"zﬂd &C‘%@@éﬁ‘é secé?f“g ?&Zgaiﬁﬂgi"é’? r@ﬁ‘ﬁ& canneehing

el ectrode of said ﬁmﬁ&&wghahgggﬁmnﬂﬁvaag¢Q&i|s said first electrode of said
second chal cogeni de device, 25. The nenory elenent of claim 24, wherein said
chal cogeni de |ayer conpfF¥ish cqppled tgsaid C‘H’ﬁ‘é‘m@H apdedgetivighing Fhaélgemoay%%te and at

| east one netal - chat GRIGRMIEFRARer . 26. The nmenory el enent of claim 21,
wherein said first and second chal cogeni de devices are provided in

si de-by-side configuration. 27. A nethod of form ng a nmenory device,

conprising: fogm ng fenfdry Sitméltf doffpRAEE:al negative resistance chal cogenide
devi ce; _ )
a first chalcogenide device;
a second device electrically connected in series with said first chalcogenide
device, said series connection of said first chalcogenide device and said second device
forming a connection node, wherein said second device is a reversely biased diode;
a switch coupled to said connection node; and

a capacitor electrically connected to said connection node.

21. The memory element of claim 20, wherein said second device is a second

chalcogenide device.

22. The memory element of claim 20, wherein said first chalcogenide device
comprises:

a first electrode;

a second electrode; and

a chalcogenide layer formed between said first electrode and said second

electrode.

23. The memory element of claim 22, wherein said chalcogenide layer comprises at

least one chalcogenide glass layer and at least one metal-chalcogenide layer.

24. The memory element of claim 21, wherein said first chalcogenide device and said
second chalcogenide device each comprise:
a first electrode;

a second electrode; and
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form ng a second differential negative resistance chal cogeni de devi ce;
formng an el ectrode between said first and second differential negative
resi stance chal cogeni de devices; formng a switching el enment coupled to said
el ectrode; and connecting said first differential negative resistance

chal cogeni de device and said second differential negative resistance

chal cogeni de device in series to a pair of supply termnals, one for using
a first reference voltage and the other for using a second reference

vol tage, said fi rSEcﬁﬁéc%ﬁﬁﬁ@ﬁy&%rh@@@et@@én%gldm@febﬁ/dﬁe'&ﬁ‘d @ld %eonljo sai d second
ref erence voltage hod formng a nenpory el enment, conprising:

forming a fi r§leCt€‘¥i15’I VehsEram padrbseprndi edestrode of ﬁqlﬁﬁrshChla@%f’PéjéldS/“?ﬂ igsadifig ode

electrically anﬂgggﬁgmjﬁaﬁﬁthga@ﬁ@@&ﬁﬁkd first chal cogeni de device, said
series connection of said first é%alcogenlde device and said second device

form ng a connection node; formng a swtch coupled to said connection node;
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least one chalcogenide glass layer and at least one metal-chalcogenide layer.

26. The memory element of claim 21, wherein said first and second chalcogenide

devices are provided in side-by-side configuration.

27. A method of forming a memory device, comprising:

forming a first differential negative resistance chalcogenide device;

forming a second differential negative resistance chalcogenide device;

forming an electrode between said first and second differential negative
resistance chalcogenide devices;

forming a switching element coupled to said electrode; and

connecting said first differential negative resistance chalcogenide device and said
second differential negative resistance chalcogenide device in series to a pair of supply
terminals, one for using a first reference voltage and the other for using a second
reference voltage, said first reference voltage being negative relative to said second

reference voltage.

28. A method of forming a memory element, comprising:

forming a first chalcogenide device;

forming a reversely biased diode electrically connected in series with said first
chalcogenide device, said series connection of said first chalcogenide device and said
second device forming a connection node;

forming a switch coupled to said connection node; and

forming a capacitor electrically connected to said connection node.
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