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particular, to inproved static random access nenory

cells using differential negative resistance (DNR)

devi ces. BACKGROUND OF THE | NVENTI ON [ 0002] There are
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STFATIC &AM MBMORNS CETH., WHEH: DDER (T HAMOOGESI DI DEVICES

chosen for a specific application depends | argely upon

what features of t4l THQPOFREORMING t 0 perform

the particular function. For instance, dynam c random

access nenories (',RAM;, ) gﬁf j access
menori es ( SRAVs) RLIQ ﬁmgﬁmﬁore program

[ ti "act j " ' b: -

TORSTY cER GR ATKRaRLEKELYo RSB, AR O il o
ISR ES sTABERA RSN hedds HRnitrp CEltkeusii L aifREertaDhagiRive resistance

capabi lity and programm ng options and cycles than

(IpbEd) daviogs.nenori es, but they nust be continually
powered in order to retain their content. Mst dynam c

char ged and oPACHEPASIUB- O BHEE ONERABN, *ar

ar, of nory cells. nenory cekls, ho fo.are.
DdPBB 7 TR Rt i DB AP oSt T PORA for B
cletir&hic Bydtehat TNEtype W Em ST dQfteRhobd R r RapBLHE aPplichl8n depends
nat ural " tendency 'of an electrical charge to distribute

largede ipon mthat éealtonee of drremginosy ateehesEaritadhtiosparfeasothe particular
nost dﬁnam cr ancflom access nenories nuyst

finetipgl eainspnFefdvaamacrandrgy agegss lPﬁ‘é‘OélF%?lgﬁAMﬁ)@@dmc random
a%%fslrrlg%'o}i%? QS%NIS? GrC&elito tgrﬁﬁoleﬁmlo?e pl%\éﬂrx idfo¥mation and data

second
“actively” being used by a microprocessor or other control device.
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[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 SRAMs, 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.



order to retain the stored data in the menory cells.

Even SRAMs, which do not require refreshing, will only
WO 240ai1mB8$3 or ed data as | ong as power is suppliBCI/US20061€14762

menory devi ce. Wien the power supply to the nenory

device is turned off, the data is |lost.[0004] Efforts

have been underway to create a commercially viable

menory device that is programmabl e, randomy accessed,
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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



resi stance (DNR) property. DNR chal cogeni de devices
have a | arger peak-to-valley current-voltage ratio
w0 ban/1¢c3883 cogeni de devi ces used as nenory cel | BCHES2006/014762
as other properties which make themexhibit a
differential negative resistance. As a result, DNR
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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.



associ ated formation techni ques. Various exenplary
enobdi nents enploy differential negative resistance
w@ DNR)L138InR| cogeni de devi ces. [0010] Exenpl ary PCT/US2006/014762
enbodi nents of the present invention provide an SRAM
whi ch includes two DNR chal cogeni de devi ces; one DNR
chal cogeni de devi ce serves as die | oad of the other.
The nmenory cell is fabricated by serially connecting
the two DNFBBEBFJ3HSQIRIPTISONQEF THHEPRAWINGSer t i cal
stacked to create a sma|l footprint

ite a s rgj;;iégn.
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' .serially connected DNR chal cogeni de devices in
ergbsygjg%}f/%s?fls &o Se’lyout. I n anodi er exenpl ary
enbodi nent, the SRAM i ncl udes one DNR chal cogeni de
s | y Tgenneas §dik @ AidoBUR 03| Bnbidiifll SRANE nBRAE cell
DL LY AT e ER R O 8 i) SRAM &5 ce
eroployirig fodir aignsisnood aral cenweididpall-upAMvicesyory cel |
enpl oying six transistors; [0012] FIG | b is a
circuit diagram of a conventional SRAM nenory cel | _
et 18yi nF1fodrs & cHFsit tagram pig coagentianal msaeprp ekl cmploying
reggﬁa{n%g%ﬁnﬁcqfﬂlséi FCISG 2 is acircuit diagramof a
gonvent i-onar ore 'y cell enploying resonance tunneling
di odes; [0014] FIG 3 is a circuit diagramof a nenory
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present invention; [ age

IS a current-
ergbagimesi ofitihgpepartatvanionf, t he i nvention; [0016] FIG
5is acircuit diagramof a nenory cell according to
anot her exenpl ary enbodi nent of the invention; [0017]
FIRYLSE | F1G- diiy 2 Grercr-seftage Brphshasingpeedtio £ dinvegtion;
to anot her

[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.



exenpl ary enbodi nent of the invention; [0018] FIG 7

is a current- voltage graph show ng operation of the
werwoedisent of the invention of FIG 6; [0019]PEi/Gs2086/014762

is a cross-section of a menory cell according to an

exenpl ary fabrication enbodi nent of the invention;

[0020] FIG 9 is a cross-section of a nmenory cell

according to anot her exenplary fabrication enbodi nent

of the i DETAIDED DESCBIPTION @F THESINVENEEON ng

system having a nenory devi ce according to the
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reference to the appended clainms. [0023] The term

"substrate" used in the foll ow n% description may
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foll om ng description, previous process steps have
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a
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



base sem conductor or foundation. [0024] The term

"chal cogeni de glass" is intended to include gl asses
WO b@b/1e33npri se an el ement from group VIA (or grOUpSZ69/014762

of the periodic table. Goup VIA el enents, also

referred to as chal cogens, include sulfur (9S),

selenium (Se), tellurium (Te), polonium (Po), and

oxygen (O . [0025] The invention provides an SRAM
bemvron the Evw-yobngt anl drerkigh obltsge ftawe by pulseg themiddle
.includes two serially connected chal cogeni de
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them one DNR chal cogeni de device serves as the | oad

of ot he —ach. j ' ' a
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ARG dERdes tANBE nblel tBRkRIbIEDNIN opMAEBnilNAode at negative bias
appropriate bias is applied to the cell, diree
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node wkh either a | ow voltage or high voltage. [0026]

whhoex Psaignd ctionadivy. pAs diraglagidhie dagh peaksey-vdleymatio, the DNR-
10/ 410, 567, chal cogeni de devices can be made to .
besgistitic TA engerparitsrsablynpitd minimagapever HichBsigr switehag speed
devi ces are,anneal . when silwver layers are added t .
RS ST BBNEE: T BN g el 2R e R IR dominant
siNEsabLE M eg LRl IS applied to the structure at
its top electrode. Thé DNR node stays stable at room
tenperature, maintaining a peak-tovalley
cUy002At - Vilid iagentiai vill ndweleatrplal@d whhitrefeeanct ab eh@t@ompanying

tenperatures over 200 C without losing functionality.
figares Figs A Ylugiratehan pregplpenombedipeng 98 thepregentiipgention. A first

D@i\?&ﬁﬁgﬁ%&%@é I{:ng,lccS f Cnic(ﬁ)) gt%lgéetgo Sg)ta vp/il%h\% &QSCHI chi gglr(r)]w, 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



t han conventional devices. This nenory technology is
al so conpatible with dom nant silicon-based CMOS

wo ewhnasedy. [ 0027] The invention will now be BPXPUSion&al4762
with reference to the acconpanying figures. Fig. 3
illustrates an exenplary enbodi nent of the present
invention. A first DNR chal cogeni de device 10, the
construction of which is described below, is connected

node AavhikstHeoeficbaanshdMRheralheagelhoe ewyrithey @6ints exist for the
Second DNR chal cogeni de device 20 acts as the load for_ .
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al so outputs the stored state of the nenory
back to the bit line when the word line is activated
byoe@sgi grialopefL3h Idheolagnanteahay baptsgratnmgl anthe device when
operating a DNR chal cogeni de device, e.g,, 10, 20, and
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curves respec |ver represent the current/voltage

stalglle gioirn ship &\ will triyeatDNRvchEtagegeth delyde veryemallocuaredt flowing.
20. The horizontal axis shows the voltage on thenode A
while the vertical axis shows the current. Three .
op@d3i ngl ppiagramdhs deviee ko # higheyelagestatpghgveltagppulse applied to
2Q0. are.stabl e _oper.ating. points.. Point 300 is . .
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vol tage and are therefore biased at the sane operating

ThiivoitagOpuls¢ 6B Grc¢ thopedeaditorbe a claswty M f,ageosnta2@0 on Fig. 4,
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[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 Vy, 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 V4 or

Vomd- Anywhere between V4 and V.

eround> the SRAM circuit is unstable and spurious

noise will shift the circuit in one direction or the other, to V,, or V,

ground*

However,

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



vol tage pulse of zero is applied to the bit line. This

vol tage pulse will force the node Ato be at a | ow
we iobas1s or point 100 on Fig. 4 , which is a BCHOF®06/014762

poi nt. Because it is at a stable point, node A wl|l

stay at a low voltage with only a very small current

flowi ng. [0031] To programthe device to a high

vol tage state, the voltage pulse applied to the bit
withstendmioise uphte thepeak vokkageeC8j.vemndaVpgsias shewn ab FiGe4. It should

i§s at a voltage vdd
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pésitsieabl e point. Because it is at a stable point, node
Awll stay at Vdd with only a very small current
flow ng. [0032] To read out the voltage at node A a
pdedHM] ve Amsithergembedimeng ef thoptehmtinvahtionrie ilhstratedrindfig. 6. The
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66 'Hﬂéirévér&%; b ibde %eseh%s ta{lg Oh@hSh AR 55X Q%o (18 DNR
devi ce, node A w stay at -the current stnat e, as 1| ong

clagcdgegideatdvizheital Sigiilae t thedoed-linetcupRsa Mgl Arfie caibydaRient
.Jdisturbance to switch the state. A parasitic capacitor
illgssratgd in Kigu® alsp sgwosstablappatasiogipsints ddkleuhded 0y odeerathe load-
.1 0033 h [ t valtage at.the center, goint, ..

coritieAL e LR BBttt 86 boetutti et Biubig e curve o1
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o R R0, a1 okl e, 7 A RE b isivided ara
netedB theewednr thigi DNRUE Hpldo giefidztduvice 58t are] Beaetdrsdiddiagéd diode 60 to

Vground. Anywhere between Vdd and Vground, the SRAM
appHY & Hipkagespilsrstoanvitchahg merupoansl teopapuinilig statei gfithe meemory cell.

[ LCU L. | direction. or the qther, to Vdd, or
T ik R e R BB T ob e e onpn
ndOB | PPiHo134 Bk @Dced thal %h@fc%@tls@lggﬁﬁjsca Podd60 %gblla'tés%lt a very low
tow t hstand noi se up to the peak voltages, Vpcalcl an
cuvppmak@hichprevidenthicrcifehi with thd ddditiondl ddbentagd efiloshairrent

th ientation/polarity of the devices may al so be ‘
cqné\?@ggilga. MPH&UW ayreverscly biased diode ma}y 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 42 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
characteristics, 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,



I's positive and Vgroupd is relatively negative or Vvdd
is negative and Vground is relatively positive. [0034]
wewbhesienbodi ment of the present invention iBCT/US2006/014762
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 diode 60 serves as a
constant current source for the DNR chal cogeni de
ankkwithied slectrbda2i0ar Itagetsi2) 3 o205 naydmrm&ltilayel-‘dcgdevﬂces
the enbodinent jllustrated in Fi 6also has two
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apply a voltage pulse to switch the nenpry

Sftcsné@iep‘enodﬁ HO4s PRE 1S prideveraid cledrede Qﬁf@@m@hﬁﬂq@dcogemde
o84 5 TR 554 b BRRILREL SR T SR B ey g09. O

c6lirge rtﬁé‘ @ﬁﬁ@duye ma@m 1t Bde &DwaBe @R cat0 Beﬁ»ig IbupRW to V,, and
current, which provides the circuit with the

eladaodd 6ﬁ&|coaplk¢dmb ageund. Itoshouold benoteclohetMpy,jonay lse be a low

fabrication of reversely biase i ode may be
volgagedr g ca%eélﬂ@}%@fo{etagfa gatﬁwmg tﬁﬁéﬁﬂ% die art.

[0035] In the FIGs. 3 and 5 exenplary enbodi nents, two

SRR PSR L O BN A Bl 0N R b

dehéeds3nse BOQ%I&EU}V Gige 08B siAABrakeB0 1 Ca@'shMWhQn FI&aDEe Phe first DNR
4f 2 desi gn is shown in FIG 8. The First DNR

c@ﬁmgmg@rﬁ@eceoﬁﬁﬁ s @OEDEdlvslth: o ppived supnlh Vay, foeeshasupfiirsimplicity)

1@%6#96?%%0%@“ %ﬁt@%@&%ﬁ : Qde&[]eﬂaﬁss Eﬁgsr}ctarrﬁ‘érgsgg g%rst electrode
3021 f&l&ag%(%%a c&d&ﬂ%&é ,SRY RIsE dLe VP d A3 6N ATHRIEU Hfelectrode 304

cel Vi ng
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 V4 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.



characteristics, and a second el ectrode 204. The

second el ectrode 204 of first DNR chal cogeni de device
wWQO®s/1¥d8iTh i s the connecti on node between thePCBEVEE)14762

is in electrical comunication with the second DNR

chal cogeni de device 209, which conprises second

el ectrode 204, a chal cogenide cell 205 having DNR

characteristics,and a third el ectrode 206. Layers 203

afooQ5 majs werthwlotinkaier thd cdencesltagogavd sbadned r using such a

le, a first chal cogeni de gl ass | ayer,

D?(Rﬂigﬁdém%@@éwi@@hasmammﬂéy éaé@o@#bap@ﬁ@xig@géﬁ iLd@ at room

BRSSP SRR S B BeCPlm dcvics
sucli ds B s8LiRALAQUS £ W hant BEnRlhE NG WAL B § pOIR-E-Balley ratio of
bit line as applied by the swtch 5 of FIGS. "3, 5, and

le6s thanabonet? & oprovidher dredd@ieaifithe @raed: inwbntddn grterambility over
the second el ectrode of the first DNR chal cogeni de .
deyéses 9f P8 agindl lsethe vpagcettates Phalk deYicesi IEmeHEBRFLOpyRn in the
o2k QRS B 0% Bl SO AP R Yomsorcred
Yo RAdeliest rode 202 coupled to ground. It should be
noted that Vground may al so be a | ow voltage rel ative
to a higher voltage VvVdd to switch die device. [0036]
Al[6@33)at iAdagtagdbeslgaht devye dsclbadat hoatreid highlpk@blengith high
two DNR chal cogeni de devi ces 308, 309 side-by-side
SN G SRAGISCNEIDON PAWeLsRRHMDOR durther prgantagequsly, the device

DR ¢ ogeni de LC 8 i | e
AR AR HERS SREUB A PR i bR SRAM
tedRBologhewhich g3 fehats a9 enhssode VIER rﬁ&ﬁol%ﬂﬂé[@lﬁmﬂ@gy & also
first el ectrode 302, a chal cogeni de cell 303, and a
cappande stidcdomiwnsSilicomibesesleCHHAS ¢e¢abnbiagye 304 of
first DNR chal cogeni de device 308 is in electrical
cgnnunication wi di die:éfcond DNR chal cogeni de devi ce
3

3% dhges i s asimpligedslosk diagrap of g gomppuer system 150, which
. ' | ijr - .
0 B9, G o 4 LGB B s e
inCPIGY. 35 5Ngnd b0in Lxoffhes wikhfthe $hvetfiahC 09l @eodk@sém such as

| ayer, a net al chal cogeni de

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



| ayer, and a second chal cogeni de gl ass | ayer. The

second DNR chal cogeni de device 309 is coupled with
wo/genms1at die el ectrode 306. The swi tchi ng vRCT/HE®0EE14762

applied by die swwtch 5 of FIGS. 3, 5, and 6 is

connected to second el ectrode 304, which is the node

bet ween di e devices and which acts as die second

el ectrode of die first DNR chal cogeni de device 308 and
ciibedimderat, thkt eketdripdbn&hrajiheerﬂiedan dbeiiiR tohiat o glenindention and are

device 309. In diis case, e is die added, benefit
nef m@@}d@& tqthedimsing: o\ﬁuwsaaaq%ﬁémqrwr@fi apRHCALiNS DR to those

d I
S0 SR e SRR AR LRG0 Thion

déﬁﬁé@iﬁqﬁeQF Usddadispeh a DNR chal cogeni de device has a
peak-to-va Fey rati o of approximately 130 at room

tenperature. This peak-to-valley ratio is
significantly higher than that of known devices such
as Esaki di odes or resonant tunneling diodes which
have a peak-to-valley ratio of |ess than about 125,
provi di ng the device of the present invention greater
stability over devices of prior art. Thus the voltage
states of all devices remain intact, even in the
presence of |evels of spurious noise which would
interfere with SRAM cells constructed from ot her

devi ces. [0038] Advantageously, the device disclosed
herein is highly stable with high swtching speed and
m ni mum power consunption. Further advantageously, the
devi ce di scl osed herein occupies | ess chip space,
conpared with conventional SRAM technol ogy, which
requires four to six transistors. This nenory

technol ogy is al so conpatible with dom nant
silicon-based CMOS technol ogy. [0039] Figure 10 is a
sinplified block diagramof a conputer system 150,

whi ch includes a nenory circuit 158, for exanple, an
SRAM enpl oyi ng devices as illustrated

11



in FIG. 3, 5, and 6, in accordance wth the
i nvention. A processor system such as conputer system
w@emwensdsly conprises a central processing uni t PCUPEH006/014762
154, such as a mcroprocessor, a digital signa
processor, or other programmble digital |ogic device.
Such devices comunicate with an i nput/output (I/0
devi ce 156 over a bus 152. The nmenory 158 communi cat es
with the systemover the buSLASMStypically by a
menory controller. In the case of a conmputer system
t he processor may include peripheral devices such as a
di[@@éﬂdr i W¥hats clypgediiscD- ROM dri ve 157, which al so
conmuni cate with the CPU 154 over the bus 152. Menory
158 i s ferably constr .4 nt egrated
cirgUifggﬁﬁﬁ@%gﬁﬁglﬁ'égmgﬁéﬁg%%égﬁgmﬁghnry devices. If
desired the nmenory 158 may be conbined with the
pr oces$dirst differcagighpggativprssisgaice chalgogsmde devigtiegr at ed
circuit. [0040] Various exenplary enbodi nents of the
I nvent iagachial dcheetlectasdly degtheaded\ie seristwio gid findtslifferential
i nvention has been described with reference to these
speci fi ' ] I Rt i F Ok . :
o | 11 CEEPAE SRTapey BT TR <cB e of M ERATH fflnsial
to be limting., Various nodifications and appli.cations,
may oc@GBARYS qeﬁéf@@%mﬁq%&n} geapd spidisepepg device forming a
departing fromdie true spirit and scope of die
i nvent iconnésicdeiodeedthich ptoedeppeoidest repaisersing eMEage state of said
[0041] What is clained is: 1. A random access nenory
devi ce, b SENQ; first differential negative
resistéﬁ%gggﬁ%%%%ggﬁ?de devi ce; a second device
electrically con ected,'n(gf ies with safd first )
di £ 1 er arivih QBB oe F CRURIARG & ¥oltagg te said gompection node
connection of said first differential negative
r esi st andewitahingodhe maeodestite ®f and mandriséodred devi ce
formng a

2. The device of claim 1, wherein said second device is a second differential
negative resistance chalcogenide device.

3. The device of claim 1, wherein said second device is a reversely biased diode.

4. The device of claim 1, wherein said first differential negative resistance
chalcogenide device and said second device are stacked on top of each other
and share a common electrode.

5. The device of claim 1, wherein at least said first differential negative
resistance chalcogenide device comprises:

a first electrode and a second electrode; and

12



connecti on node which provides a voltage representing

the stage state of said nenory device; and a swtch
weowpliexd1z o sai d node for coupling a voltage tRPCHHEIH06/014762

connection node and switching the nenory state of said

menory device. 2. The device of claim1l, wherein said

second device is a second differential negative

resi stance chal cogeni de device. 3. The device of claim

1, whenehalcsgetids egoturespaceingsaial fisvaidslcyndicksaddes and in

diode. 4 . The device of claim1l, wherein said first

differ ' ' T es) 1Ge I ' it

and sa oeRas AR R S TP I E (S R R exhibiting

ot her %ﬂ% share a common el ectrode. 5. The device of

cl ai m fiffeiaREANeSaEVe KHSRICHFRRAGITLSICH f f er ent i al

negati ve resistance chal cogeni de devi ce conprises: a

first dlecdevitefatrdmas, seloania seldedtalagenidadder comprises a first

chal cogeni de structure separating said first and

second t IH i.cat : c1 o
_cﬁhﬁs %érﬁgg glﬁlg{'%%érn 2GS Jﬂaﬁﬁgﬁﬁfg@&ﬁk GRELRAct with said first

therew t al d géni de struc I biting

differeptial negative resistance characterjstics. 6.

The de FIESOBITIGE BIA BYCnAR & a0 AhEF R &s6 BFhipesontact
conprises a first chal cogeni de gl ass | ayer, a

met al - ovigh sodjendtadecHalpgenida lgont act with said first

chal cogeni de gl ass | ayer, and a second chal cogeni de

gl ags I@yedevidt SFUMACE, WhdrBinSRiIChsPBh&bf S beRA8AIsE@nd
| ayer. 7. The device of claim1l, wherein at |east one

IR I R —
curve with a peak-to-valley ratio of at least 130 at
r oom t enperwithrgeak-to-valley ratio of at least 130 at room temperature.
8. The device of claim 1, wherein said switch applies either a relatively low- or
high-voltage.
9. The device of claim 8, wherein said node outputs a respective relatively low-
or high-voltage.
10. The device of claim 1, wherein said first and second differential negative
resistance chalcogenide devices are provided in side-by-side configuration.
11. The device of claim 1, further comprising a parasitic capacitance electrically
connected to said node.
12. A random access memory device, comprising:
a 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

13



8. The device of claim1l1l, wherein said switch applies

either arelatively low or high- voltage. 9. The
waleawsaessed cl ai m 8, wherein said node out puts BCT/US2006/014762

respective relatively I owor high- voltage. 10. The

device of claim1, wherein said first and second

differential negative resistance chal cogeni de devi ces

are provided in side-by-side configuration. 11. The

devi ce differehdilmegatifauresisence dncagsnivly devparansl saidcreversely biased

capaci tance electrically connected to said node. 12. A

random ] I j 0 ising: a

differéﬁ?@gﬁﬁneggtfé%g§¥§%§¥gﬁégﬁ%halcogenide devi ce;

a reversely, bi as di ode el ectrical/ly connected in

e | os AT ERRRIE Prkieer i Gats fu PRERGe e omory statc of

chal cogeni de devi ce, said series connection of

sai ddi fshidrreamogt desegrat i ve resi st ance chal cogeni de

devi ce and said reversely biased diode formng a

conrectTNdAAdesr 3 B Swhdreih GRUBIIRFNHAI 8@ dive resistance

connection node for swtching the nenory state of said

nennry(%g&ice“ 1%;.The devi ce of claim 12, wherein

sai d diPFEPERRIAS AeHEy SOPPESesi st ance chal cogeni de

device conprises: a first electrode and a second

el ect r adest deatrede wsl ssaenod clestiodb] @xd egi on separ at i ng

said first and second el ectrodes and in electrica

comunizGadisi@Rcd NefaBM feBionSRparatif g isSitiaseandPdet 8 Blectrodes and in
region exhibiting differential negative resistance

romor v (BeRa o8 ANk SR B8t SN QRS ANIRHICH B cxibiting

differential negative resistance memory behavior and storing at least one
memory state in response to applied voltage.

14. A method of forming a random access 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; and
forming a switching element coupled to said electrode.

15. The method of claim 14, further comprising 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.

14



14. A nmethod of form ng a random access nenory devi ce,
conprising: formng a first differential negative

w0 e®b31mnte chal cogeni de device; form ng a secPCiliUS2006/014762

differential negative resistance chal cogeni de devi ce;
form ng an el ectrode between said first and second
differential negative resistance chal cogeni de devi ces;
and formng a switching el enent coupled to said

el dct r dtte. méthodTdflaiet hadviodreinl saidfirsdrefénentdresltage is negative
conprising connecting said first differential negative

resi St apGeyChALAPRRILHSMRYIE SRtk sai d second

di fferential negative resistance thal cogeni de device
in ri.es to.a pair .of . supply. termnal one far, WUSi .

7 stiheomgiadkd daim L hsrbin i SR fqrBhg pigry differential
second reference voltage.16. The nethod of claim 15, .
wher ei megatiiet fesissice eiaeageoilondsvicagepegomaghati the same time as said
relative to said second reference voltage. 17. The

met hod sgd, & f@hﬁ!ﬂ%%aid"@a%f)ﬁﬂ Qi Bt Shidl ePatie deQstThAIcISA dhenide
first differential negative resistance chal cogeni de

device js. perforned at the sane tine as said step of
forninékgﬁgd second differential negative resistance
chalco%snide device. 18. The nethod of claim 14, . '
whdiBei nlheaindthodeqf adint bt mvinercivadaitl §tep of fatnfing saidtfirst| differential
negati ve resi stance chal cogeni de device is perforned

bef or e neghtiveSiceiPrafte EiRdlFBgRBidRadFi2as poodhdd BEBRL dadd step of
negati ve resi stance chal cogeni de device. 19. The

e 0l T Ao WAL ORI I8 ST Sl o
oo Thsomptodt afam T4, Further comprting tlecrically connecrtag a
parasitic capacitor to said electrode.
20. 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.
21. A processing system comprising:
a processor;

a static random access 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 device, said

15



formng a differential negative resistance
chal cogeni de device; formng a reversely biased di ode;
wo eooritmg1an el ect rode between said di fferenti aPCT/US2006/014762
negati ve resistance chal cogeni de device and said
reversely biased diode; and form ng a sw tching
el ement coupled to said el ectrode. 21. A processing
system conprising: a processor; a static random access
menor y fdediffereataiptdgatingresatahice devidd §dreingrns nddad of said second
negative resistance chal cogeni de device; a second
di ffereptial.. I Y ; ' | ; ;
ol et ATy SRR RRha, BOERr IR FRegfkiRtion of said
differential, negative resjstance device, saidfirst | .
di f f or dtiaa Sﬁ%‘@ﬁ‘f{ differcityl Seave i balpprrida degices forming
| oad of said second differential negative resistance
menor y adewneejorsadde;sadi es connection of said first
and second differential negative resistance
chal cogeni de, dawihC@plef 1Y A% AodORPIGHRMNAE RO Rate of said
swtch coupled to san node for switching the nenory
state of said,nenory device. 22. The system of claim
21, whePEPAYAViSast said first differential negative
resi stance chal cogeni de device conprises: a first
el @&t r ode sysdnnobdeaiond] evheteimadpash sadd dirstaliffeteatialencgative
vari abl e regi on separating said first and second
el ectr Qg_ﬁsﬁmﬁ’&dcﬂa[bo%l:ﬁ%rdeﬁiﬁé c6RIpIYEY: catl on t herewi t h,
sai d resi stance vari abl e regi on“exhibiting
differeqtial negative resi t?nce menory behavi or and
stori né H‘ft ql%%(? C a secona ¢ CCtl‘OdC, an

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.
23. A processing system comprising;:

a processor;
a random access memory device coupled to said processor and comprising;:

a 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
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menory state as a read current anplitude in response
to applied voltage. 23. A processing system

W@wphisifhg: a processor; a random access NenNOPYT/US00EE14762
coupl ed to said processor and conprising: a
differential negative resistance chal cogeni de devi ce;
a reversely biased diode electrically connected in
series wwth said differential negative resistance
chal cogeni da sdg¢heeupkditd ssierdomsiccinnacdt fist sofitchaigithe memory
differential negative resistance chal cogeni de device
and sai ' di ode form ng a connection
node; gﬁ'aggﬁ%%gk%g%hgﬁglcto sai d connection node for
switching the nmepopry state of sajq Jenory devjce.  24.
Th @4sy§5(b§rﬁb’8ﬁmc¢fgﬁ?ﬁnz%$> WRER Wig‘iﬁg}?edﬁmil BEGARF gpsistance
negati ve resistance chal cogeni de devi ce conprises: a
first ehdecogadde dadcacanpmsed: el ectrode; and a
resi stance variable region separating said first and
second, 3 GALRARR A% dofh BELLbAAl oMU cat fon -
therewmth, sald resistance variabl'e regi on exhibiting
differential negatjve resistance nenory behavi of and .
Stori ng ISUSRUSSHOBIE TRERBFPURERE S5Y 14t Be ot ggitodes and in
anplitude in response to applied voltage. 25. A nenory
array echwpidabtorgmuaiqationahedeyithf said mebisruacorssblawagion exhibiting
cells, each nenory cell conprising: a first
di f er aifd ahtid) FORAENGliBIh S ARARE BehSAGEMLRoARY hERast one
a second éeV|ce or storing a second charge
el ectrically connected, in serie ith said first

Wt .
di 11 or GHEPSY gt fyeach QLTS ZMAITHS oS Pt 4o dBphisgkvoltage.

25. A memory array comprising:
a plurality of random access memory cells, each memory cell comprising:

a first differential negative resistance chalcogenide device;

a second device for storing a second charge electrically connected in
series with said first differential negative resistance device, said series
connection of said first differential negative resistance chalcogenide device
and said second device forming a connection node for providing an output
voltage; and

a switch coupled to said node for switching the memory state of said
memory device.

26. The memory array of claim 25, wherein said second device of at least one of
said plurality of memory cells is a second differential negative resistance

chalcogenide device.
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connection of said first differential negative
resi stance chal cogeni de devi ce and sai d second device
WO o00aitm$1R connection node for providing an ouP@UIUS2006/014762
vol tage; and a switch coupled to said node for
switching the nmenory state of said nenory device. 26.
The nmenory array of claim25, wherein said second
device of at |east one of said plurality of nenory
celd7s iTheamsmoonarray 6f daien?b avheregataid eccoadideymnef at least one of
chal cogeni de device.27. The menory array of claim 25,

wher ei @aﬁ%ﬁr ng@f%ﬁeﬁil L €8159 a ?évels%gls iaAE1i8ke Sal d

plurality "o s 'S reve y bi ased di ode.

28. The_ nenory arra f cl 5, . whe n, sai d random
e 28 s THETBPRREB S afelifh 361 EACEIRIO BESLE aipeRgmory cells are
cells.

static random access memory cells.

18



