- -WD 2007/ 016169 PCT/ US2006/ 029051 PHASE CHANGE MEMORY CELL AND METHOD
OF FORMATI ON FI ELD OF THE | NVENTI ON [ 0001] The present invention

rel ates t oWoSh@afidlct or devices, and in particul ar phagasseénangesi
menory devi ces and nmethod of form ng the same. BACKGROUND OF THE

| NVENTI ON [ 0002] Non-vol atile nmenories are inportant el enments of
integrated circuits due to their ability to maintain data absent a
power supply. Phase change materials have been investigated for use

i n non-vol at change .nmenor cells include
phase changei’h&%ﬁ&g@&&mgﬁsﬁéﬁ @éﬁpd\é]ﬁgﬂ OF EARMMATION
capable of stably transitioning between anorphous and crystalline
phases. Each phase exhibits a particular resistance state and the

resi stance states distinguis i the nenory cell.
Speci ficall y, an anor phous s?a%ﬁﬁgﬁ?ﬁw&ﬁg vely hi gh
resistance, | a aryshadeht PR E el at oW,

resi st ance. [00 3] A %pleca pe) a@g%ﬁ%&?&%&&c{%gwéﬁg fmbc¥vnbhase
change mat er | aljép?@tween first and second el ectrodes. As an exanpl e,

t he phaseP@isH ﬁ%ﬁﬁ‘%gel@e%m}bwl‘é@@@@dlIdéhadloéﬁormnghhasaxﬁwSb2Te5

or SbTeAg. See, e.g., Lankhorst et al., Lowcost and nanoscale
non-vol atil e menory concept for fixture silicon chips, NATURE

MATERIALS, vol. 4 pp.. IERERAVNT DF2B3B)XNVENEERO7/ 016169
PCT/ US2006/ 029051

[0002] Non-volatile memories are important elements of integrated circuits
due to their ability to maintain data absent a power supply. Phase change materials
have been investigated for use in non-volatile memory cells. Phase change memory
cells include phase change materials, such as chalcogenide alloys, which are capable
of stably transitioning between amorphous and crystalline phases. Each phase
exhibits a particular resistance state and the resistance states distinguish the logic
values of the memory cell. Specifically, an amorphous state exhibits a relatively

high resistance, and a crystalline state exhibits a relatively low resistance.

[0003] A typical phase change cell has a layer of phase change material
between first and second electrodes. Asan example, the phase change material is a
chalcogenide alloy, such as Ge2SbsTes or SbTeAg. See, e.g., Lankhorst et al., Low-cost

and nanoscale non-volatile memory concept for future silicon chips, NATURE MATERIALS,

vol. 4 pp. 347-352 (April 2005),



[ 0004] A portion of the phase change material is set to a particular
resi stance state according to the anmount of current applied via the
el ect rodeswORo0Tghé1@d N an anor phous state, a rel ati vel ydrvughooanzois
current pulse (a reset pulse) is applied through the phase change
cell tonelt a portion of the material for a short period of tine.
The current is renoved and the cell cools rapidly to bel ow the gl ass
transition tenperature, which results in the portion of the materi al
havi ng an antii0fflousA pontiseof fhe ritsatimrge onatetiallib beteo sitpairdeular Folweince
current wite pulse (a set pulse) is applied to the phase change

Il f ' ' A j |.OW, |
el i ng. ot 2kBB e e PR S Bl T bl naSra S 4

re- crystallize to a crystalline phase that is maintained once the
current i STMpboEs statrd a relagvelylHigh orite craeitdiulsec@akss . pul@) Bpplied
sought after characteristic of non-volatile nmenory is | ow power

consunpti 18R, | iLre |ar
oper At ng R P e GO R o SR o B Bl SR P S e
phase change nenory cell wth reduced current requirenments. BRI EF

SUMVARY OIDRFR{E Nengyirent anepoose jpneithe eslhenslsrapidly e belovetits glmsspransitite
a phase change nenory elenent and nethods for formng the sane. The

menory el Q@iﬁ\ﬁbrdtﬁ@, WIS Rsfilts Slthe ?g%z{ Sdfe Meﬁalq‘[ﬁwgﬁ %%?phous

conpri sing phase change materi al yer over the first

2007/ 01616% PCT, US§006/ 0290511 .
phase. [o obtain a crystalline state, a lower current write pulse (a set pulse) is

applied to the phase change cell for a longer period of time to heat the material to
below its melting point. This causes the amorphous portion of the material to re-
crystallize to a crystalline phase that is maintained once the current is removed and

the cell 10 is rapidly cooled.

[0005] A sought after characteristic of non-volatile memory is low power
consumption. Often, however, phase change memory cells require large operating
currents. It would therefore be desirable to provide a phase change memory cell

with reduced current requirements.

BRIEF SUMMARY OF THE INVENTION

[0006]  Embodiments of the invention provide a phase change memory
element and methods for forming the same. The memory element includes a first
electrode and a chalcogenide comprising phase change material layer over the first

2



el ectrode. A netal -chal cogenide |ayer is over the phase change
material |ayer. The netal chal cogenide | ayer conprises :
tin-tel |l urwoeot7@héia? i de. A second el ectrode is over tPET/US2006/029051
nmet al - chal cogeni de | ayer. The nmenory elenent is configured to have
reduced power consunption. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007]
The foregoing and ot her advantages and features of the invention wll

becone nor rent fro he detail ed description of exenplary
enbodi nent E%ifbw%@@a%ﬁﬁmﬁe taeBisaves thephase changapateriabipyer. The

drawi ngs in which: [0008] F G 1 depicts a phase change nmenory el enent

accor di ng rhetahchalergeattiaiapér @mpriRs Hﬂ%@ﬂ&ﬂi@@%elﬂﬂ%g]f\ g‘{cgﬁgiefﬁégﬁ s

depict the formation of the nernory el enents of F

st ages of essing; ., and [ 001 FI 3 is a block diagram of a

sys%J eminc ﬁgl ednspa%@@FQg%F‘gﬁ%?r' T?@%?@Pﬁ}g@k@m&atﬁi iglized/to have
enbodi rent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0011] | n refieceddgbdveen cogsaeitpgiohed description, reference is nade to

vari ous specific enbodinments of the invention. These enbodi nents are
described with sufficient detail to enable those skilled in the art

;%begggi)g?otzggsilnvﬁRBL%%%QE?%{I?EP@%ﬁSEm%?’M%W be enpl oyed,

and that varioor stTHeGbidling and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:;

[0008]  FIG. 1 depicts a phase change memory element according to an

embodiment of the invention;

[0009]  FIGS. 2A-2C depict the formation of the memory elements of FIG. 1 at

different stages of processing; and

[0010]  FIG. 3 is a block diagram of a system including a memory element

according to an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011]  In the following detailed description, reference is made to various
specific embodiments of the invention. These embodiments are described with

sufficient detail to enable those skilled in the art to practice the invention. Itis to be



| ogi cal and el ectrical changes nay be made w thout departing fromthe
spirit or scope of the invention. [0012] The term "substrate" used
in the folwowosrpisisscri pti on may i nclude any supporti ngBtszouGioesns:
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, silicon-on-insulator (SA),
silicon-on-sapphire (SOS), doped and undoped sem conductors,

epitaxi al {BSEp©ogitha) ethepems wrappeguipioped, seditbanduitsstructural,
foundation, and other sem conductor structures. Wen reference is

made to a 1@graapméu@&@fca§&%§é@ﬁ@g% M&e%ithéluéb%@ﬁ}g{xé %g%xetsgirfito -

description, previous process steps nay have

regi ons or Cfbunc%i ons in,or over the base sem conductor or

f oundat i orfSORREL YIRJEV#i® - need not be seni conductor-based, but may
be any support structure suitable for supporting an integrated
circuit, including, but not limted to, netals, alloys, glasses,

pol yners, cef@i2ls, Thattransubsirtet usabROthb kB Wk TdsaliSHAS nla$ KOQME
in the art. [0013] The invention is now explained with referénce to

i ch i ke v epeins nlBLRE SRR AR FP 1o s opi longappere

an exenpl ary enbodi nent of a nmenory elenment 100 constructed in
accor dancdh@j has arhexposed sulistrate FiréacdeW eenit@QRaWbsRatedsWEd be
2007/ 016169 PCT/ US2006/ 029051 FIG 1 is supported by a substrate 10.

Over the iRRbd8be tb hcfudd diftlon], BHbLAbhIAsAIENE 50T, silicon-on-sapphire (SOS),

doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. When reference is
made to a semiconductor substrate or wafer in the following description, previous
process steps may have been utilized to form regions or junctions in or over the base
semiconductpr or foundation. The substrate need not be semiconductor—based, but
may be any support structure suitable for supporting an integrated circuit,
including, but not limited to, metals, alloys, glasses, polymers, ceramics, and any

other supportive materials as is known in the art.

[0013]  The invention is now explained with reference to the figures, which

‘illustrate exemplary embodiments and throughout which like reference numbers

indicate like features. FIG. 1 depicts an exemplary embodiment of a mermory

element 100 constructed in accordance with the invention. The device 100 shown in
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11. Afirst electrode 21 overlies the first insulating |ayer 11 and
substrate 10. The first electrode 12 can be any suitable conductive
mat eri al , WRFG7PIglghgsten (W in the illustrated enbodiGrEmRI0cHBOI4]
A second insulating layer 14 is over the first electrode 12. A via 42
is within the insulating |ayer 14 to expose a portion of the first
el ectrode 12. In the illustrated enbodi ment, the via 42 extends

t hrough a Is f first electrode ~12. The second insulating
| ayer 14 czﬁalgi elgglpr.i:fatrﬁei% aglgl%qqraé%fii(ﬁygr&he Ailstyade s(ashieskiinsulading) layer
dielectric constant material; an insulating glass; an insulating

pol yner; aieryfirgeletrodatéovatlis HOREbinsARtBBMNETN drdGublira 1b?>‘ﬁ[e
18 of phase change material, specifically a “chal cogenide materi a

|l ayer 18 i, i Lthin the via 42 and over, the first electrode
1371 n Che el FRERALE it Bl feblelta s Rafriel B s fingsten (1) i the
germaniumtel luride [|ayer. Qther exenplary chal cogeni de conpositions
for the | dlestrated emblodiimentconcent rati ons of Te bel ow about 70% The

germani um concentration is preferably above about 10% The |ayer 18
can include additional elenments, for exanple antinmony. The

percent ages WOYAN 3 Ge@n@thSulRGh | L 100% 0f ,the .
at oms of the@coﬂsti tuent el emntg%ﬁ%ﬁé’%{’ﬁ%ﬁ@g&&&t’“g&%ﬁ%}ﬂ%‘%@s
germani um _t.el Iﬁgri de .l ayer 18 is about 300 A thick and in electrical
contact wi'CHIRHRe BISUAHNE [Aver 1 t\expon A p16os 9f BETHISSEROGHAR IS the

first electrode 12, but less than about 100 A thick at the edges 42a
of the vi dldirated embodiment, the via 42 extends through a portion of the first electrode

12. The second insulating layer 14 can be a nitride, such as silicon nitride (SisNa); a

low dielectric constant material; an insulating glass; an insulating polymer; among

other materials.

[0015]  Asshownin FIG. 1, a layer 18 of phase change material, specifically a
chalcogenide material layer 18 is deposited within the via 42 and over the first
electrode 12. In the illustrated embodiment, the layer 18 is a germanium-telluride
layer. Other exemplary chalcogenide compositions for the layer 18 include
concentrations of Te below about 70%. The germanium concentration is preferably
above about 10%. The layer 18 can include additional elements, for example
antimony. The percentages given are atomic percentages which total 100% of the
atoms of the constituent elements. In the illustrated example, the germanium-

telluride layer 18 is about 300 A thick and in electrical contact with the underlying
5



adj acent the underlying first electrode 12. Over the

germaniumtel luride layer 18 and within the via 42 is a

tin-tell urwoaeod7ayens? 20. In the illustrated enbodi ment, rdras200ayE0s120
is about 50%tin and about 50%telluriumand is about 500 A thick.

[ 0016] Al though layer 20 is shown over the chal cogeni de materi al

| ayer 18, it should be understood that the orientation of the |ayers
can be altered. For exanple, the chalcogenide material |ayer 18
maybe overfixsh elertagée 120ut 156 thvin abwett 10MA thick-at éhd etdged @24 ay e VP 4aNd
within the via 42 is a second electrode 24. The second el ectrode 24

can be any, hﬁeh@me%rﬁﬂﬂﬂ)f!& st n, the
illustrat edcﬁenbodl nment O%%ﬁ% eE@HS%%Zﬁr a??%ﬂle§%r%' 31 Sﬂgpéﬂeolpy%%l
used to apply a reset pul se of about 1.4 V, and a current of | ess
than or ab?étfi & ila 42 igaitin-feluridsdayenilil Jo thevdlustrated drelasdinent, the
portion of the germaniumtelluride |ayer 18 | eaving the Iayer 18 in a
hi gh resi Shp@cm, is aPRLIBI04 EnShdlaBoufsHE telY 'Y, and a
current of Tess than or about a288 |se uselgﬁa'ﬁlﬁe Se %thyd(
crystalli zes at | east a portion of the telluriuml ayer 18 | eavi ng
the | ayer tan .Sta [0019] FIGS. 2A-2C are cross
sect i onal %6& ‘gﬂl@rﬁ‘f{é} aa’&bﬁftsisrrawerﬂm%qogﬁn@e maleripklapeyls, it
el enent 100 according to an exenplary enbodi nent of the 6 WD

2007/ 01616hoRN H2DQ6IDAMDEE theionieattionrdt tIlapaFs daf Healltefdd &l oricRample,
required for any of the actions described heréin, except for th osg

logical l'y tﬁggﬂélEééeguci@gtaterfaEhayer % rylb%rover eoﬂyer éﬁbccor dingly, while

[0017]  Over the tin-telluride layer 20 and within the via 42 is a second
electrode 24. The second electrode 24 can be any suitable conductive material, and

is tungsten in the illustrated embodiment,

[0018]  For operation, a pulse generator 35 is used to apply a reset pulse of
about 1.4V, and a current of less than or about 280 pA is used. The reset pulse
melts at least a portion of the germanium-telluride layer 18 leaving the layer 18 in a
high resistance, amorphous state. A set pulse of about 1.17 V, and a current of less
than or about 200 (A is used. The set pulse crystallizes at least a portion of the |

tellurium layer 18 leaving the layer 18 in a low resistance state.

[0019]  FIGS. 2A-2C are cross sectional views of a wafer depicting the
formation of the memory element 100 according to an exemplary embodiment of the
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the actions bel ow are descri bed as being perfornmed in a specific
order, the order is exenplary only and can be altered if desired.

Al t hough tWwe 2wroneis® on of a single nenory el enent 100 PCI/tsha@onzoosit
shoul d be appreciated that the nmenory el enent 100 can be one nenory
element in an array of menory el enents, which can be forned
concurrently. [0020] As shown by FIG 2A, a substrate 10 is initially
provi ded. ,As indicated  above, the substrate 10 can be

sem conducP¥PIERA etfo paripdaneidengiredvised fpramy of dke actiongleseritieddherein,
structure as is known in the art. Afirst insulating layer 11 is
formed ovedcepiver shdrslbatAlRdqanshanki ' r
the insul ati n% | ayer 118.f51 fsgconﬁhﬁgﬁﬁégsﬁggﬁ%&aggﬁo% jl&(gco%%%l ﬁwg'ygr
the first electrode.12. The fjirst _insulating |ayer can be, for
exanpl e siLF‘F@QﬁO’Eﬁ Pyare ﬁ%ﬁr@a&ﬁéelﬂﬂméﬁwﬁ ingppecifig ordegnthgerder is
silicon nitride, a low dielectric constant material, or other

sui tabl e iexempdigranly kndwan be altBRdaf desiRAd ATROWRS the Femehih Gsingle
met hod known in the art. [0021] As illustrated in FIG 2B, a via%Z
is forned, r_instan ) hot gl j t raphi c .an tchi ng techni ques,
w thin t na& e SErREETATE sy BRgy Beheiltly et fadhe M er amaent
first electrode 12. Optionally, the via 42 can extend partially

t hr ough t H&0fchn bt oak extmogecldRenin\40 a&EHWaSﬂﬁ@ﬁaG?z BeheHE? 00640290%1
[0022] As shown in FIG 2C, a germaniumtelluride |layer 18 is forned

?\égr\/it 264]%5{1%51%1%&“9%@- 12 and second insulating layer 14 and within

[0020]  Asshownby FIG. 2A, a substrate 10 is initially provided. As indicated
above, the substrate 10 can be semiconductor-based or another material useful as a
supporting structure as is known in the art. A first insulating layer 11 is formed
over the substrate 10 and a first electrode 12 is formed over the insulating layer 11.
A second insulating layer 14 is formed over the first electrode 12. The first
insulating layer can be, for example silicon dioxide. The second insulating layer 14
can be silicon nitride, a low dielectric constant material, or other suitable insulators

known in the art, and may be formed by any method known in the art.

[0021]  Asillustrated in FIG. 2B, a via 42 is formed, for instance by
photolithographic and etching techniques, within the second insulating layer 14 to
expose a portion of the first electrode 12. Optionally, the via 42 can extend partially

through the first electrode 12.



Formation of the germaniumtelluride |ayer 18 nmay be acconplished by
any suitable nethod. The layer 18 is fornmed having a thickness of
about 300 WO 20002859 A tin-telluride [ayer 20 is formedPovaIs2mte29051
germaniumtel luride layer 18 and within the via 42. The |layer 20 can
be fornmed by any suitable nmethod, e.g., physical vapor deposition,
chem cal vapor deposition, co-evaporation, sputtering, anong other
techni ques. The layer 18 is fornmed having a.thickness of about 500 A.
[0024] A condQe?] veAFnﬂ“tCé’YIFH}F]i% 2fepgsimeniupvialluride layer-18d$ farmiedover
layer 20 and within the via 42 to forma second el ectrode 24.

Simlar t%éﬂ%t%léc%d@hﬁ%a@%rﬁ%nsﬁm ﬁ%%ﬁh&&%ﬁ%@ﬂ hor the

second el ectrode 24 may be any materl swta conducti ve
el ectrode,_ for exanple, tungsten, In the illustrated enbodi nent, the
layers 18Fosmation offhe gesmapimadelidadayen 18may bepgorspliskedityi ayal
processi ng steps can be perfornmed, for exanple the formation of

connect i oBgithlfle @héB6d CTHE Wyt Y8 izsffofrhea ha %raa}@&nessr&%buéﬁmm | ogi c
circuitry, sense anplifiers, etc. the nenory elenment 100 is

a part, as is known in the art. 8 V\D 2007/016169 PCT/ US2006/ 029051

[0026] FIG | usj r.at r. s em 300 whi ch includes a
Menory ci I’Clﬁa %&%4 Aé‘n&eﬁm&d%ﬁfﬁf 3& J@T%%Ci OV tgﬁ BEHPREYE-Frilvgide layer 38
301, which includes at |east one nenory el ement 100 constructed
accor di ngang vikleinithe giat4201The 1ayer frcan desommead/by eny 3Qlablehighod 2y, be,
for exanple, a conputer system generally

physical vapor deposition, chemical vapor deposition, co-evaporation, sputtering,

among other techniques. The layer 18 is formed having a thickness of about 500 A.

[0024] A conductive material is deposited over the tin-telluride layer 20 and
within the via 42 to form a second electrode 24. Similar to the first electrode 12, the
conductive material for the second electrode 24 may be any material suitable for a
conductive elecirode, for example, tungsten. In the illustrated embodiment, the

layers 18, 20, 24 are formed as blanket layers.

[0025]  Additional processing steps can be performed, for example the
formation of connections to other circuitry of the integrated circuit (e.g., logic
circuitry, sense amplifiers, etc.) of which the memory element 100 is a part, as is

known in the art.



conprises a central processing unit (CPU) 344, such as a

m croprocessor, a digital signal processor, or other programrmabl e

di gital | ogocodenéioes, which communicates w th an i npwdrase@an29051r O
devi ce 346 over a bus 352. The nmenory circuit 348 comunicates with
the CPU 344 over bus 352 typically through a nenory controller.
[0027] In the case of a conputer system the processor system 300 may

i ncl ude peri heral _devices such as a floppy disk drive 354 and a
conpact di sc 0@%%) RA(- Sdllysfeatesg pragesson suited. 308 mrioh irediedesia the@Bly 344
over the bus 352. Menory circuit 348 is preferably constructed as an

i nt egr at edieult@4B} e.g WA ntdindyCd @S whi TSRS i ng. at
| east one nenory elgﬁnt 1%18%&0?‘3?1?19 to %Xéﬂl{e{]ﬁrﬁ%ﬁ f%@l sired,
t he nmenor ircuit, 348 may be cqonbined with the processor, for

exanpl e uggsat legst gne F%Fg?‘él‘ﬂ Hemgprikl8ropstracipd acqaydrg]totheiraeniien.
description and drawings are only to be considered illustrative of

exenpl ary Téryodtamot systanh B00) vAgHh exebd, 16r L8 MELSS (FRfuRdYahtad
the present invention. Mdification and substi tutfongut 0 g%eci gel%éerzﬂfy
process 9 ndi ti ons and structures

7/016169 PCT/US2006 051 c ( ot
can be mad égﬁ%%%%ﬁfeﬁé%&ﬁ) PG ErBHS @ﬁ'%sa&ér ?"ccgéﬁd‘ BEHpRrocesEor, paligital
present invention. Accordingly, the invention is not to be considered
as bei ng sigmal peatelpprt dreother pogiagrdbkadizRhl 105icaltei@s AVWhRE TomBitinibaes
only limted by the scope of the appended clains.
_With an input/output (I/O) device 346 over a bus 352. The memory circuit 348
communicates with the CPU 344 over bus 352 typically through a memory

controlier.

[0027]  In the case of a computer system, the processor system 300 may include
peripheral devices such as a floppy disk drive 354 and a compact disc (CD) ROM
drive 356, which also communicate with CPU 344 over the bus 352. Memory circuit
348 is preferably constructed as an integrated circuit, which includes a memory
array 301 having at least one memory element 100 according to the invention. If
desired, the memory circuit 348 may be combined with the processor, for example |

CPU 344, in a single integrated circuit.

[0028]  The above description and drawings are only to be considered
illustrative of exemplary embodiments, which achieve the features and advantages

of the present invention. Modification and substitutions to specific process

9



10 CLAIM5 What is clained is: 1. A nmenory el enent conprising: a
first electrode; an insulating material over the first electrode; a
via w thi nworr@ovmewb ati ng naterial; a chal cogeni de conRUTsINR0p6pEASE
change material over the first electrode and within the via, wherein
t he phase change material has a thickness of |ess than or equal to
about 100A at an edge of the via adjacent the first electrode; a

nmet al - chal cogeni de materi al over the phase change material and within
the via; dRgdiiprsanermiruees FlmlbemﬂelleWiﬁmumieghztﬁ'@ﬂmmgbﬂisﬁﬁitlaﬁyl%bope
2. The nmenory element of claim1, wherein the nenory el enent

conf i gur ethfttRe B vheRtéh.f i I i a _cyrrent . of

| ess than or a%ogfﬁg%lo A.&}%.A‘Erﬁédm%@el en%%l?gsg?&%?%grﬁoﬂs,l Gﬁ?graéﬂjﬁmg
the menory. el epent, is configured to be reset to a second resistance
state usi ﬁ’g’mée Y ﬂ%%fgorégomé S5 ipdioncmdadremingg buinis otly Ehretederyothy scope
el ement of claim1l1, wherein the nenory element is configured to be
reset to tdfehs edasdigisance state using a voltage of about 1.4 V.
5. The nmenory elenment of claim4, wherein the nmenory elenent is
configured to be set to the first resistance state using a voltage
of about 1.17 V. 6. The nenory elenent of claim1l, wherein the phase
change material conprises

10



germaniumtel luride and the netal -chal cogeni de naterial conprises
tin-telluride. 7. The nenory elenment of claim1, wherein at |east a
portion of the phase change material has a thickness of about 300 A
11 8. The nenory el enent of claim1, wherein the netal -chal cogeni de
material has a thickness of about 500 A. 9. The nenory el enment of
claim1l1l, wherein one or both of the first and second el ectrodes
conpri se tungsten. 10. A nenory arrai conprising: a plurality of
menory el ements, at |east one nennrg A1YSent conprising: a first

el ect r oMigst igdlailnegid: ati ng material over the first electrode; a via
within the insulating material; a chal cogeni de conprising phase
change material over the first electrode and within the via, wherein

t he phase changeArm&ﬁ&jg%keﬁb?EC&nv&mmgéness of less than or equal to
0 e via

about 100 A at an edg jacent the first electrode; a
met al - chal cediestieltetrodxt eri al over the phase change material and within
the via, the .metal chal.cogenide material conprising tin-telluride;
and a Secongng@gﬁ?%@geﬁ@e&e %%%FL?F@ al cogeni de material. 11. The
menory array vof wiehif i idéhlatiB @héryt he menory el enent is configured to

be set to a Lirst resistance state using a current of less than or
about 200 A2 chalcogenide comprising phase change material over the first electrode and within the

via, wherein the phase change material has a thickness of less than or equal to about 100A at an

edge of the via adjacent the first electrode;

a metal-chalcogenide material over the phase change material and within the via; and

a second electrode over the metal-chalcogenide layer.

2. The memory element of claim 1, wherein the memory element configured to be

set to a first resistance state using a curtent of less than or about 200 pA.

3. The memory element of claim 1, wherein the memory element is configured to be

reset to a second resistance state using a current of less than or about 280 pA.

4, The memory element of claim 1, wherein the memory element is configured to be

reset to the second resistance state using a voltage of about 1.4 V.

5. The memory element of claim 4, wherein the memory element is configured to be

set to the first resistance state using a voltage of about 1.17 V.

6. The memory element of claim 1, wherein the phase change material comprises

germanium-telluride and the metal-chalcogenide material comprises tin-tefluride.

7. The memory element of claim 1, wherein at least a portion of the phase change

material has a thickness of about 300 A.

i1



12. The menory array of claim1l, wherein the nenory elenent is
configured to be set to the first resistance state using a voltage
of about 1.17 V. 13. The nenory array of claim 10, wherein the nenory
el enent is configured to be reset to a second resistance state using
a current of |ess than or about 280 A 14. The nmenory array of claim
13, wherein the nenory elenment is configured to be reset to the
first resistance state using a voltage of about 1.4 V. 12 15. The
menory array of claim 10, wherein at |east a portion of the phase

change mat gri al ThametokPEleHBRST cREm qp\QHérei%?% ﬁgtgl}}(g}’ailcégggnig@%{exaﬁ{ag gy

of claim 10, wherein the phase change nater

ger manit &3 piabpe 00¥Y.. The nenmory array of claim 10, wherein the
nmet al - chal cogeni de material has a thickness of about 500 A 18. The
menory array of claim 10, wherein one or both of the first and second
el ectrodes Gonpr Thememogstlement b clain iy Weesia@he SY5E 6T G0 Tistiafidl Bdond

proces X a nenpry. device conprising a nenory elenent, the
nenory%g%%%§%g°T8ﬂﬁgﬁggﬁﬁﬁ a first electrode; an insulating materi al

over the first electrode; a via within the insulating material; a
germaniumtelluride material over the first electrode; a
tin-tellurid& | appdRCRE &Fa% Compdsing:he ger mani um tel luri de | ayer

mat eri al , j i i ial, and.the
TPneterl ur | QEEalRy of BEnRy BT RpccWhe HEmTR) ALREY calBSShIC | oo
over the tiafrsklegtrodie materi al

an insulating material over the first electrode;

a via within the insulating material;

a chalcogenide comprising phase change material over the first electrode and within the
via, wherein the phase change material has a thickness of less than or equal to about 100 A at an
edge of the via adjacent the first electrode;

a metal-chalcogenide material over the phase change material and within the via, the
metal chalcogenide material comprising tin-telluride; and

a second electrode over the metal-chalcogenide material.

1. The memory array of claim 10, wherein the memory element is configured to be

set to a first resistance state using a current of less than or about 200 pA.

12.  The memory array of claim 11, wherein the memory element is configured to be

set to the first resistance state using a voltage of about 1.17 V.,

13, The memory array of claim 10, wherein the memory element is configured to be

reset to a second resistance state using a current of less than or about 280 pA,

14. The memory array of claim 13, wherein the memory element is configured to be

reset to the first resistance state using a voltage of about 1.4 V.

12



20. The systemof claim 19, wherein the germaniumtelluride materi al
has a thickness of |less than or equal to about 100 A at an edge of
the via adjacent the first electrode. 21. The systemof claim19,
wherein the nmenory elenent is configured to be set to a first

resi stance state using a current of |ess than or about 200 A 22. The
system of claim 21, wherein the nenory elenment is configured to be
set to the first resistance state using a voltage of about 1.17 V.
13 23. The system of claim 19, wherein the nmenory elenent is

fi gured 8. bern Qi ! CHLE &Nt
configured t16. be @&@ﬁmg}%rﬁl‘@' oTRREAAd 0 RRdrsth aNMESst %&32}1:%&5?}!‘[%%1@5&: clﬂléﬁ%%he

of less than or about 2 24, The systemof clfaim 2 ereln

menor y RAERbhes 4 thickesss phehosti390Abe reset to the second resistance
state using a voltage of about 1.4 V. 25. The system of claim 19,
wherein at |east a portion of the germaniumtelluride nmaterial has a
t hi ckness ofl6.aboilihe @0mary @6y ofkiim Y6 einareih tiel phiagd chAngaige/hlRombases
tin-telluride material has a thickness of about 5001. 27. The system
of cl aigmtlﬁ%g, e gf’?‘i one or both of the first and second el ectrodes
conprise tungsten. 28. A nethod for form ng a nenory el ement, the

met hod conprising: formng a first electrode; fornmng an insulating

| ayer over the f%@%WG@PQ&"W&?FI&IWdParf‘iV}ﬂf’gelathﬁiraet@li-qhmcng@h@ matstidl des mg

| ayer; thickness of about 500 A.

13. The memory array of claim 10, wherein one or both of the first and second

electrodes comprise tungsten.

19. A processor system comprising: a processor; and a memory device comprising a
memory element, the memory element comprising: a first electrode; an insulating material over
the first electrode; a via within the insulating material; a germanium-telluride material over the
first electrode; a tin-telluride layer material over the germanium-telluride layer material, wherein
the germanium-telluride material, and the tin-telluride material are within the via; and a second

electrode over the tin-telluride material.

20.  The system of claim 19, wherein the germanium-telluride material has a thickness

of less than or equal to about 100 A at an edge of the via adjacent the first electrode.

21.  The system of claim 19, wherein the memory element is configured to be set to a

first resistance state using a current of less than or about 200 pA.

22.  The system of claim 21, wherein the memory element is configured to be set to

the first resistance state using a voltage of about 1.17 V.

13



form ng a chal cogeni de conpri si ng phase change material over the
first electrode and wthin the via, wherein the phase change
material |ayer is fornmed having a thickness of less than or equal to
about 1001 at an edge of the via adjacent the first el ectrode;
form ng a netal -chal cogeni de material over the phase change materi al
and within the via;, and forning a second el ectrode over the

met al - chalcagenlq

£ %ﬁ%{a @;l; thod of claim 28, wherein the
menory el enént is for %a: efel the memoxy elppgntds M@u@ﬂéﬁtbeﬁéﬂrﬁ‘g
a Curr ernecond réstgdnct batk l@.rngaa%%m?&%sétha%r but Iﬁ'@yﬁm hod of claim 29,

wherein the nenory elenment is forned be reset second

resi stance state using a current of Iess t han or about 280 A 31. The
met hod of chaim element is formed to be reset
to the secgﬁd I‘%@I taﬁ{c(gus??lrﬁte uarTy 6%56 U‘SW%@%?“% igyreg tq be rgset to
The netirodcofd redistane 3thte wilvey £vaitaghef aeudry Vel enent is formed to be
set to the first resistance state using a voltage of about 1.17 V.
33. The nethod of claim 28, wherein at |east a portion of the phase

change nmatepfal The syls@MBLLIAAVIIN Ghareint Gds r2dn G110 éerﬁﬁ&mﬁi tegfl]hd The

met hod of cI aim 28, wherein the phase change nateri a

conpri Satggial B‘@@ﬁhﬁk@%ﬁ?@@h%tﬁ%‘&and t he rret al - chal cogeni de materi al

is formed conprising tin-telluride. 35. The nethod of claim 28,
wherein the netal -chal cogenide material is formed having a thickness
of about 5006.A. The system of claim 19, wherein the tin-telluride material has a thickness of about

500 A.

27.  The system of claim 19, wherein one or both of the first and second electrodes

comprise tungsten.

28. A method for forming a memory element, the method comprising:

forming a first electrode;

forming an insulating layer over the first electrode;

forming a via within the insulating layer;

forming a chalcogenide comprising phase change material over the first electrode and
within the via, wherein the phase change material layer is formed having a thickness of less than

or equal to about 100 A at an edge of the via adjacent the first electrode;

forming a metal-chalcogenide material over the phase change material and within the via;

and

forming a second electrode over the metal-chalcogenide material.

29.  The method of claim 28, wherein the memory element is formed to be set to a

first resistance state using a current of less than or about 200 pA.
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36. The nethod of claim 28, wherein one or both of the first and
second el ectrodes are fornmed conprising tungsten. 37. A nenory

el ement conprising: a first electrode; an insulating material over
the first electrode; a via within the insulating material; a
germaniumtel luride material within the via; atin-telluride |ayer
over the germaniumtelluride material and within the via, and a
second el ect,rode_pver e tin-telluride material. 15 38. The nenory

L ! .
el ement of cPaim' e/{“e{%bﬁgfoéﬂ%%?9=|"é'§§qm thepamagry slegtent is dorpted ge be ravigea
mat eri gbeond résRfdHed sthR\isig a%uh{éﬁt?ﬁi%?ﬁ‘laﬁ%r %%%ﬁ%%oggg A 39. The method

of claim37, wherein the netal - cogeni erial is forned

havi ng a thickness of about 500 A 40. A nenory el enent conprising:
first and second gl ect,rqdes; ., an. i nsul.ating materi al between the first
and second gf'ect F@%%&’ogﬁgfﬂ@%g%‘ﬂ@%%% Ry ﬁ%&@@t‘éﬁ%{fﬁ@é torhe ©pstag the
bet weenedohé rdsistapite o usReandligtatabadqsyy v, and tin-tel luride materi al
bet ween the phase change material and the second el ectrode, wherein

the phase change material and tin-telluride material are fornmed in a
via within ghe The method of claim 31, wherein the memory element is formed to be set to the

first resistance state using a voltage of about 1.17 V.

33. The method of claim 28, wherein at least a portion of the phase change material is
formed having a thickness of about 300 A.

34.  The method of claim 28, wherein the phase change material is formed comprising

germanium-telluride and the metal-chalcogenide material is formed comprising tin-telluride.

35.  The method of claim 28, wherein the metal-chalcogenide material is formed
having a thickness of about 500 A.

36.  The method of claim 28, wherein one or both of the first and second electrodes

are formed comprising tungsten.

37. A memory element comprising:

a first electrode;

an insulating material over the first electrode;

a via within the insulating material;

a germanium-telluride material within the via;

a tin-telluride layer over the germanium-telluride material and within the via; and

a second electrode over the tin-telluride material.
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insulating material that extends at |east partially through the first
el ectrode. 41. The nenory el ement of claim40, wherein the phase
change material has a thickness of |ess than or equal to about 100 A
at an edge of the via adjacent the first electrode. 42. The nenory
el ement of claim40, wherein the nenory el enent configured to be set
to a first resistance state using a current of |ess than or about 200
i SA. 43. Thg memﬁ% el ement of claim40, wherein the nenory el enent

i s configured tolhpmepeseelementof slainAd whestin pilarse a porios ofitheas change
cur r entmgadrial %&%rlﬁé@ﬁvﬁfgaﬁﬁﬁﬂﬁesggpabgut 'A.The merory el ement of claim

42, wherein the nmenory elenent 1s configured to be reset to the
first resistance state using a voltage of about 1.17 V. 45. The

menory el emgpt o ' wherein the memgry el enent i s.confi gured
fo be set oy 1 ndnE B Fuetr ey B SR Pl o

1. 4 V. haéng6 thidlmessdfraboyt 500dnent of clai m 40, wherein the phase
change material conprises germaniumtelluride. 47. The nenory

el enent of claim46, wherein the phase change material conprises

| ess than 7Q806t elAlﬂ[ﬁéndﬁye]@%en{r&%ﬁ}g[ﬁ%{y el ement of claim40, wherein
the tin telluride material conprises™ about 50%tin and 50%
telluride. ﬁ@ta%@CM@%}méP?énent of claim 40, wherein one or both of

ey o PR R EERR o h AU RER I AP el UIR Sk, OO+ A MR

array conprisin
chalcogenide-comprised phase change material between the first and second electrodes;

and

tin-telluride material between the phase change material and the second electrode,
wherein the phase change material and tin-telluride material are formed in a via within the

insulating material that extends at least partially through the first electrode.

41.  The memory element of claim 40, wherein the phase change material has a

thickness of less than or equal to about 100 A at an edge of the via adjacent the first electrode.

42, The memory element of claim 40, wherein the memory element configured to be

set to a first resistance state using a current of less than or about 200 pA.

43. The memory element of claim 40, wherein the memory element is configured to

be reset to a second resistance state using a current of less than or about 280 pA.

44.  The memory element of claim 42, wherein the memory element is configured to

be reset to the first resistance state using a voltage of about 1.17 V.

45.  The memory element of claim 43, wherein the memory element is configured to

be set to the second resistance state using a voltage of about 1.4 V.
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a plurality of nmenory el enents, at |east one nenory el ement
conprising: first and second el ectrodes; an insulating | ayer between
the first and second el ectrodes; chal cogeni de-conpri sed phase change
material between the first and second el ectrodes; and tin-telluride
mat eri al between the phase change material and the second el ectrode,
wherein the phase change material and tin-telluride material are

formed in ayvia wthin th insul at i | ayer that extends at | east
partially t ﬁgbug\fﬂl{i R “g?mS'ﬁé’g Pﬁﬁﬁ 38 ‘B‘ff?{e“‘rﬁ’& R%mn%?rm%ryﬂfﬂﬁor@pasem
50, wheesnamidnecijphidse change material has a thickness of |ess than

or equal to about 100 A at an edge of the via adjacent the first
el ectrode. 52. The nenory array of claimb50, wherein the phase change

materi al coapri S€ge m@ i ' or formng.a
menory el enent, the nglltf0 %%?ﬁ%ﬂ’%ﬁgé’%ﬁgﬁ?‘%@gﬁg&% ?’rg%%e Ié?tgré?lrc%‘ag’fisei?
f or ni ndesathanrib¥ tablurids. | ayer over the first electrode; formng a via
within the insulating |ayer extending at |east partially through the
first electrode; form ng chal cogeni de-conpri sed phase change

mat erial ové8. t hehé mesibryedlentitodelamndo, Wietdin thettitereMirfie ¢t BSprises
tin-telluri 8(90 trratn%rgog) teven t he phase change material and within the
4] .

vi a: aﬁl ut 5 na

49.  The memory element of claim 40, wherein one or both of the first and second

electrodes comprise tungsten.

50. A memory array comprising;

a plurality of memory elements, at least one memory element comprising:

first and second electrodes;

an insulating layer between the first and second electrodes;

chalcogenide-comprised phase change material between the first and second electrodes;
and

tin-telluride material between the phase change material and the second electrode,
wherein the phase change material and tin-telluride material are formed in a via within the

insulating layer that extends at least partially through the first electrode.

51.  The memory array of claim 50, wherein the phase change material has a thickness

of less than or equal to about 100 A at an edge of the via adjacent the first electrode.

52, The memory array of claim 50, wherein the phase change material comprises

germanium-telluride.

53. A method for forming a memory element, the method comprising:

forming a first electrode;
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form ng a second el ectrode over the tin-telluride material. 54. The
met hod of claim53, wherein at |east a portion of the phase change
material 1is fornmed having a thickness of about 300 A 55. The nethod
of claim 53, wherein the phase change naterial is formed conprising
germaniumtel luride. 56. The nethod of claim53, wherein the

nmet al - chal cogenide material is formed having a thickness of about
500 A. 57. The.nethod of claim53, wherein one or both of the first
and second &YBURF Yylwsulatijedayes onerdhe firshelrafodss t ungsten. 18

forming a via within the insulating layer extending at least partially through the first

electrode;

forming chalcogenide-comprised phase change material over the first electrode and
within the via;

forming tin-telluride material over the phase change material and within the via; and

forming a second electrode over the tin-telluride material,

54.  The method of claim 53, wherein at least a portion of the phase change material

is formed having a thickness of about 300 A.

35. The method of claim 53, wherein the phase change material is formed comprising

germanium-telluride.

56.  The method of claim 53, wherein the metal-chalcogenide material is formed
having a thickness of about 500 A.

57. The method of claim 53, wherein one or both of the first and second electrodes

are formed comprising tungsten.
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