REDUCED POWER CONSUMPTI ON PHASE CHANGE MEMORY AND
METHODS FOR FORM NG THE SAME FI ELD OF THE | NVENTI ON

wQ 0@0Ay90The present invention relates to sem cROTUS1007/006316
devices, and in particul ar phase change nenory devices
and nmet hods of form ng the sane. BACKGROUND OF THE
I NVENTI ON [ 0002] Non-vol atile nenories are desirable
for integrated circuits due to their ability to

nai nt ai_n_data absen
RERHHS HaWER COREIMEER R AR HrbRSE MRy anp
non-vol at i I‘Ulﬁfmry cells
i ncl ude phé@%%%’efﬁggﬂr{z@%sﬁﬁé]agc al cogeni de
al l oys, which are capable of stably transitioning at
| east partially between anorphous and crystalline

phases. Each phegg.pXhFIHE INVENTION ar resi stance
state and the resistance states distinguish at |east

[a00a] | oFhe prebersisinebntiba retates o sephicon8petsirfdedtésy andrin
anor phous state exhibits a relatively high resistance,

parh%ﬂpar Halsé %Qf%%%%ﬂ%@ Qﬁ%&h %aﬁ%l{o?s%f'fgﬁlxﬂn (Mé ame.

eS| ance own I'n a typical ase
change nenory cell 10 has a layer 3 of phase change

(rjr:a ts S(rals Zld \t/)vle: ﬁeﬁ%%%ééﬁ er%;%ﬁ%VEN%s econd
] A dpuadhaoaE B ok RePRIsERERAE T il o
. 247.03[0004] A portion of the phase change material 3,

theirt dtélipyr tgmabmabi dateokbeent 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" at least partially between amorphous and
crystélline phases. Each phase exhibits a particular resistance state and the
resistance states distinguish at least two 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] Asshown in FIG. 1, a typical phase change memory cell 10 has a
layer 3 of phase change material between a first electrode 1, which is disposed
within an insulating layer 5, and second electrode 2. As an’'example, the phase

change material is a chalcogenide alloy, such as GezSbzTes or SbTeAg.
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4, is set to a particular resistance state according
to the anobunt of current applied via the electrodes 1,

wQ2@ndodoke duration of that application. To obPEI/DSHNT/006316
anor phous state, a relatively high wite current pul se
(a reset pulse) is applied through the phase change
cell 10 to nelt a portion of the material for a short
period of time. The current is renoved and the cell 10
cools rapidly to a tenperature bel ow the gl ass

[Q004hsi t4 BRrieneéthe phasswhangewataiad 3 the RECgFemmahlevolume
of the material 3 covering bottom el ectrode having an

4, is SHbRNPAicRlASesBidtideistatecBoldiflf t6ehé Shffas of @irrent applied

obtain a crystalline state, a lower current wite

via g pieirsdes 1, 330k PP Ghal frpaRiEafo REAR an

material to a tenperatuyre above its crystallization
amofjilicis state, hekhativielyshigh wiritg coetert puléd @ waespalsehs applied
anor phous portion of the material to recrystallize to

| ne a t s R [ n 0 .

eheo gl S bRl B RS F018 ik IBORYS! BEAR RS ign o ot
[ 0005] A sought after characteristic of non-volatile

perigrbabtime. sSThopenkis reorevadand the Gill €p coblswepidly totmse
change nenory cells 10 require | arge operating

tem}féfﬁﬁﬁ:@tbcelodvtthb?é%s{@%ﬁ’(&‘?ﬁ@nqgﬁ 2Rluge, WONRMOMsHfts 3n BR@RBrtion

change nenory w th reduced current requirenents.
0006] One-approach to reduci ng, power consunption_has
4 of al%l%%@oqwrlmeb%%relaﬁr%@e hﬁ@%mﬁees PERER y
cell to achi eve nmaxi num power 47.03transfer. For
exhilsiignd Righ Ffesast&Rdeh TRo bB&efl aphgsRllehastgee, A6V et ®etdnt write

one
pulse (a set pulse) is applied to the phase change cell 10 for a longer period of
time to heat the material to a temperature above its crystallization point and
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 10 require large
operating currents. Itis therefore desirable to provide a phase change memory

cell with reduced current requirements.

[0006] One approach to reducing power consumption has been to modify

the material of the phase change memory cell to achieve maximum power
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approach is to dope the entire GeSbTe-material wth

nitrogen, increasing its resistance. As described in
worerog/1eeri | herein, applicant, however, has fpCHUS100z006316

thi s approach has di sadvant ages. [0007] A phase change

menory cell having reduced power consunption and

nmet hods for formng the same woul d be desirable. BRI EF

SUMVARY OF THE | NVENTI ON [ 0008] Enbodi nents of the

i.nvention provide el nts and nmethods fo
transfefy HHQIEHEP Eaffba LIPS SR PEREEI Py cal one
menory el enent has a | ayer of phase change material. A
approdacisis teoddpe thoéntifesGedtiBencitarigbwitt sittager, &yaeasing its
i ncl udes the programuabl e vol une of the nenory cell.

resistafgr ALt dereel ) D AL ehderelr AprfiRabl i has found

second portion of the phase change material |ayer.

~ that ffg9eppraach has digedmantagds.ot her advant ages and features
of the invention will beconme nore apparent fromthe,
detai |l ed description of exenplary enbodi nents provi ded

0pel7PW M phate ERASICH ehtbry\@IAEAANBARNLIOSH YoM BRsumpti
[BRI F DE CI%I PTI (J:eTHEItyB%AW I\IGESHE?%010] I G rl sumption

depi cts_a conventional phase change nory cell;

and T’Gg"ﬂés fardorpung the gamg %ﬁﬁ%ﬁ%ﬁeﬁemry cel
according to an exenpl ary enbodi nent of the invention;
[0012] FIG 3 is a schematic representation of the
phase chanBRIEEHEUNMMARY §F FIHE IBXVENTION

[0008] Embodiments of t"he‘ invention provide memory elements and
methods for forming the same. According to one embodiment, a memory
element has a layer of phase change material. A first portion of the phase change
material layer includes the programmable volume of the memory céll. The
crystalline phase of the first portion has a higher resistivity than the crystalline

phase of a second portion of the phase change material layer.

[0009]  The foregoing 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 depicts a conventional phase change memory cell;

[0011] FIG. 2 depicts a.phase change memory cell according to an

exemplary embodiment of the invention;

3
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[0013] FIGS. 4A-4C depict the formation of the nenory
cell of FIG 2 at different stages of processing;

WO 0®14990E1 G 5 depicts a phase change nenory ceCT/US2007/006316
according to anot her exenplary enbodi nent of the
i nvention; [0015] FIG 6 depicts a phase change nenory
cell according to another exenplary enbodi nent of the
invention; and [0016] FIG 7 is a block diagram of a
S stem i ncl udi ng a nenory cell according to an

[ | F(p- B aschematisreprasentation ebie piess ¢@pge memory cell
DESCRI PTI ON OF THE | NVENTI ON [ 0017] In the follow ng

of FIdehai | ed description, reference is made to various

speci fic enbodi nents of the invention. These
enbodl ments are described with sufficient detail to

e PR Rt deiherPe i afie ot s enaey ol of FIG. 2 at

enbodl ments may be enpl oyed, and that various
diffesentuatagesadf, ptawgssing; and el ectrical changes may be made

W t hout departing fromthe spirit or scope of the

invention. [0018] The term "substrate" used in the

dale) owipgs, é bR i Yefit
O L i SR PS4t anote

cl udi but not. 4limted to, a seni conductor
exe Y £t q‘ﬂ%ﬁmﬁg@%ﬁ‘md substrate surface. A
sem conduct or substrate should be understood to
i nclude silicon, silicon-oninsulator (SA),

[@015] c oFIGh 6 shypitlis racpliBeShange meemanny call dopediing to another

sem conduct or s,
exemplary embodiment of the invention; and

[0016] FIG. 7 is a block diagram of a system including a memory cell

according to an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] In the following detailed description, reference is made to various
specific embodiments of the invention. These embodiments are described Wim
sufficient detail to enable those skilled in the art to practice the invention. Itis to
be understood that other embodiments may'be employed, and that various
structural, logical and electrical changes may be made without departing from

the spirit or scope of the invention.

[0018]  The term “substrate” used in the following description may include

any structure suitable for supporting an integrated circuit including, but not
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epi taxial layers of silicon supported by a base

sem conduct or foundati on, and ot her sem conduct or
waeaaeuwees. Wien reference is nade to a sem cPCTUS100T/006316

substrate or wafer in the follow ng description,

previ ous process steps may have been utilized to form

regions or junctions in or over the base sem conduct or

or foundation. As stated above, the substrate need not

it 15 At B G T e RoF oL B8P A SRS g Paate sucface. A

circuit such as netals, alloys, glasses pol yners,
semicemdinitos substdatarshoaid be wiepstobidwe imaluete silisomsilicon-on-
known in the art. [0019] The invention is now

N TR R T T v —

li ke reference nunmbers i nd| cate like features FIG 2
epitayiadilayers of sdicomsiunpprtedby arhase semicomdiactor fpramdation, and

menory cell 200 constructed in accordance with the

other $3fR1*bhAActoterd@lites? OWhah Q¥R réfedisEhade kS a%*éprﬂ@&g&gctor

over a substrate 201. The substrate 201 can inclu
addi ti on structures (such_ as connections fromthe

su 5%qurywe§qr| inzhe f@%owm& flesgription, (Brevigus Pracessgeps may have
shown. [0020] A first el ectrode 202 passes through an

been @Ri¥eddol fBr RS @ jun@tibAy B o2 B9er B Pade®rhichflluctor or
el ectrode 202 and insulting | ayer 203 are provided

er 47 03s rate,201. fir ectrode
foundifin . As TR R A Bon B TR AR PEF BT e e EandRetef e, but
nitride (TiN), titaniumalumnumnitride (TiAN),
may be aayisupporhgisuemre Suithblefoasupporting Apshergratabegeuit such
ot hers. The insulating | ayer 203 can
as metals, alloys, glasses, polymers, ceramics, and any other supportive materials

as is known in the art.

[0019] The invention is now explained with reference to the figures, which
illustrate exemplary embodiments and throughout which like reference numbers
indicate like features. FIG. 2 depicts an exemplary embodiment of a phase
change memory cell 200 constructed in accordance with the invention. The cell
200 shown in FIG. 2 is supported over a substrate 201. The substrate 201 can
include additional structures (such as connections from tl"le memory cell 200 to

other circuitry) that are not shown.

[0020] A first electrode 202 passes through an opening in an insulating

layer 203. Both the first electrode 202 and insulting layer 203 are provided over
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be a nitride, such as silicon nitride (Si3N), a |ow

dielectric constant material, an insulating glass, or
w@poornexkat i ng pol yner; anong ot her materi al s. PD0WP7/006316

As shown in FIG 2, a layer 205 of phase change

material is over the first electrode 202 and the

i nsul ating |ayer 203. The phase change material is

preferably a chal cogenide all oy, such as, for exanple,

GexShyTe (e.g., Ge2Sh2Tes), GaSb, GecTey, SbTe. (e.g., .
subssa&eraés-, Tl(\ﬁ Hpst qleetgode ?ﬁi‘ﬁ@l‘rbe ang ‘2‘?“%&““3@ material,
I nSbGe, Agl nSbTe, GeSnSbTe, or GeSbSeTe. The phase

suchCdb Q@i ratlidé (TidY) titad¥tn shehaaimidatidey (Tieupl)edtdrum
the first el ectrode 202 through the opening in the

romgh R PR BT i SR Bty THR RS T BR 85 er 203 can

second el ectrode 212 can be any suitabl e conductive
be a mitiriztd, alich hosiliewanptride {3ilN4)Ta MW, didledriptaistaninmaterial, an
tungsten, anong others. [0023] The phase change

imsufibl ks o Sl dRed e e s E O RRE 1
e

relative resistivities are for a sane phase, e.g., the
crystalline phase, of the material |ayer 205. The, .
W%Her ApshawnondiGpdr 2 larer 208 of hase change mateyal is over the

power transfer to enable reduced power consunption for

first eheterld 202Qhdthedesalatiigdlalyer Em.eﬁéﬁﬁiabe blew%e mteribl is
247 0O3portion 207 serves to reduce the thermal sink

pref et cBelsopanils 1y SughAn Brextrut SISPift Bl Gesbiren
Gasgrggxr"[‘aez]gbl}% (e.g., Sb2Tes), InSb, InSe, InxSbyTe-, Sn:SbyTe., GaxSeyTe,,
InSbGe, AgInSbTe, GeSnSbTe, TexGeySb:Sk or GéSbSeTe. The phase change
material layer 205 is electrically coupled to the first electrode 202 through the

opening in the insulating layer 203.

[0022]  Over the phase change material layer 205 is a second electrode 212.
The second electrode 212 can be any suitable conductive material, for example,

TiN, TiAlIN, TiW, platinum, tungsten, among others.

[0023] The phase change material layer 205 includes a higher resistivity
portion 206 and a lower resistivity portion 207. The relative resistivities are for a
same phase, e.g., the crystalline phase, of the materiall layer 205. The higher
resistivity portion 206 serves to maximize power transfer to enable reduced

power consumption for the cell 200 as described in more detail below. The

6
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vol ume 204. [0024] In the illustrated enbodi ment, to
achieve the different resistivities, the portion 206
w0 goonitesoogen doped GexSbyTez and the portion 2BFI/10S2007/006316

GexSbyTez that is substantially free of nitrogen

Al ternatively, other suitable dopants can b e used,

such as, for exanple, oxygen. The higher resistivity
portion 206 preferably includes the progranmabl e

vol une 204 of the cell 200. As is knowy in the art

portioRe2Yy; ssgY ahtratducg dhe faeopal sigk |e§f@5E elthesesand elegtfoda212 by

with an electrode. In the exenplified enbodi nent, the
providifg adisbh& el tR04etend elrtedlead 12t 4iR1 tl{ét}@fcfg%ﬁﬁuﬁfng
the first electrode 202 and t he phase change nateri al
| a 205. Further, in the exenplified enbodi nent, the
ivity of portion 206 i s increased by doping,
e.g., nitrogen or oxygen doping. [0025] As
schematically depicted in FIG 3, the cell 200
[Q024]1 udds the ﬁlﬁ/mstraheégrebwnm@qom achinvedive different resistivities,
resi stance Rcl corresponding to the programm ng vol une
i
P%Sé?éi%ﬁ??%%%??%&%ﬁ%?ﬁg PR R TRAAD 5 GergiyTe. that
cel | 0 al so includes the series resistance Rs of the
is Suleﬁa@lnp Viffrecofifagsery Aernadivedy. iher seitakladopandés can be
contacts (not shown)). Below is an expl anation of how.
used] fick a4, For pRUGIH1E GXFEER! TR Highet hesiatality pORidE e pe@fdrably
by conS|der|ng the power consunption for each part of

inclugdf i progipiptie ol 2@% of Rl 651 Pl AB1S <ol e are

times the resistance (R = P x R. By increasing
the programagiahle violyme 204 h:elocated at an interface with an electrode. In the

volu

exemplified embodiment, the programmable volume 204 is located at the
interface of the first electrode 202 and the phase change material layer 205.
Further, in the exemplified embodiment, the resistivity of portion 206 is increased

by doping, e.g., nitrogen or oxygen doping.

[0025]  As schematically depictgd in FIG. 3, the cell 200 includes a first
resistivity portion having a resistance Rcl corresponding to the programming
volume A204 and a second resisti-vity portion having a resistance Rc2
corresponding to the portion 207. The cell 200 also includes the series resistance
Rs of the underlying contacts (e.g., electrode 202 and other contacts (not shown)).

Below is an explanation of how: the total power consumption for the cell 200 is
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menory cell 200 portion 206 with respect to portion
207, the resistance Rc2 of the progranm ng vol une 204
w0 goornesensed by a factor k. Therefore, to achP&wES100B006316

same power P for inducing the phase change in the

progranmmabl e vol ume 204, the current used to program

the cell 200 can be decreased by the square root of k.

The reduced current results in decreased power

consunption of the series resistance Rs by a factor of
reduged ky<onsidering fpppwsr SORFCEPRON o aark Fgst of Hie gdir(Rel,

of the phase change material 205 is not increased, the
Rc2, Beyer consunption of the portion 207 is al so decreased

by k tinmes. Therefore, the overall power consunption

of the cell 200 is reduced. [0027] If the resistivity

he I 0 h NGR - ial..la

(267 R R B PRARSR BN BT Bl et

woul d al so increase by a factor of k, thereby
squared timaes the fesistamedR) €B st R By inAreaninlg tlye yesistivity of the.

Appl i cant has discovered that by providing a nenory
merr@rg!@ﬂ_tm%%tl?ﬁ)\ﬂ 3% Wth! 1e8PSctdb C}derftl A BN the resistance Rc2 of the

resistivities, power consunption of the menory ce

200 can be reduced. [0028] FIGS. 4A-4C are cross _ .
progeapmingayoliymae 204 s increased by a ek kodbrereipry tpigshieve the

formati on of the nenory cell 200 according to an

samepenel & forafidadingeike Hasé cﬁangatih €hé PYEEtanhabNOvolume 204,
particular order 1s required tor any of the actions

descr.i bed ,herein, exce r those logically requirin
the SRt 3R O PP e e 2ol R ra R Py Yt Fataeatdt of k.
actions bel ow are descri bed as being perforned in a
The reduced current results in decreased power consumption of the series
resistance Rs by a factor of k. Also, since the resistance Rc2 of the portion 207 of
the phase change material 205 is not increased, the power consumption of the

portion 207 is also decreased by k times. Therefore, the overall power

consumption of the cell 200 is redugea.

[0027]  If the resistivity of the entirety of the phase change material layer
205 were increased, the resistivity of the pbrtion 207 would also increase by a
factor of k, thereby increasing its-power consumption. Accordingly, Applicant
has discovered that by providing a memory element 205 having portions of

different resistivities, power consumption of the memory cell 200 can be reduced.

[0028]  FIGS. 4A-4C are cross sectional views of a wafer fragment depicting

the formation of the memory cell 200 according to an exemplary embodiment of

8
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specific order, the order is exenplary only and can be
altered if desired. Al though the formation of a single
woressongoeel | 200 is shown, it should be apprecP@r/Es2007/006316
that the nmenory cell 200 can be one in an array of
menory cells, which can be forned concurrently. [0029]
As shown by FIG 4A, a substrate 201 is initially
provi ded. As indicated above, the substrate 201 can be
senm condyct or - hased or, anot her terial useful as _an .
the PiYFRHPH; Ol BRFECHIET SERGRP EFATES Fek Y ©f 48° PetRAR dRscribed
the art. Afirst electrode 202 and an insul ating | ayer

here?f)®xaept forrthiede hygically eequibinirtat eedilts of Peiok iakfibns.
el ectrode 202 can be formed within an opening in the

AccBRRRY, LIRH Bl PSP DR e I el i

| ayer 203 can be a nitride, such as silicon nitride
spedif@ytrdier, the owdatiielesemplarycamlytamnat carabe ritated irdesired.
i nsul ating glass, or an insulating polynmer; anong

r [ , )
A R R D T A B e R P SR E L Y
hase change material, e.g., Ge SbhyTez (e.g.
app faa the memgryaell@iBicanthe gne i At peT S me sy el
insul ating |layer 203. Formation of the |ayer 205 may

whidlecatbe it ednbir@hylysui t abl e method. In one
enbodi nent, during deposition f the first portion 206

of the 47.03phase change material |ayer 205, a flow of

nt r "] r.oxygen gas. i
08T, 1 A Prob o FREPAS, o BULSORE oLl BREARD 3R 10 s
. _doping of portion 206 can be conducted after the

indieafedabpu e substiagg 801 casbe yemienndudtarrbased or another

material useful as an integrated circuit supporting structure as is known in the
art. A first electrode 202 and an insulating layer 203 are formed over the
substrate 201. The first electrode 202 can be formed within an opening in the
second insulating layer 203 such that the surface of the first electrode 202 is
exposed. The insulating layer 203 can be a nitride, such as silicon nitride (SisNa),
a low dielectric constant material, an insulating glass, or an insulating polymer;

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

[0030]  Asshown in FIG. 4B, a layer 205 of phase change material, e.g.,
GexSbyTe: (e.g., Ge2SbzTes), is formed over the first electrode 202 and insulating
layer 203. Formation of the layer 205 may be accomplished by any suitable

method. In one embodiment, during deposition of the first portion 206 of the
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an inplantation step to inplant, for exanple nitrogen
or oxygen. Portion 207 of the layer 205 is not doped.
WO O®319902s illustrated in FIG 4C, a conducti VECT/US2007/006316
material is deposited over the phase change | ayer 205
to forma second electrode 212. Simlar to the first
el ectrode 202, the conductive material for the second
el ectrode 212 nay be any nmaterial suitable for a
~conductive electrode, for exanple, TiN., TiAIN,_ TiW
phasg chenge materiableyen ?O%r?oﬁ@vvo?frfé?@nq g7st Fr ey pitsegen or
enbodi nent, the |ayers 205 and 212 are forned as
oxygehaidkeis provaled td Bopé the Berstn206. AYRHEaR8yAtk ddBing of
can be subsequently ‘patterned as desired by, for

port SRS BB e BT P b5 B comaacucs

. exanple, to formconnections to other circuitry of the
an implaetatidrestepi todniplafe . fgr exhmgplenitiogem or gxygansPortion 207 of
anplifiers, etc.) of which the nenory cell 200 is a

t i inthe art. [0033] FIGS. 5 and 6
the I%geé:izgfs"%gp'f)ggﬁg?&“ inthe art. [ ] an

I've enbodi ments of the nmenory cell 200.
In the exenpl ary enbodi nent depicted in FIG 5, the
(gggse change | ayer 205 includes a plurality of |ayers
(0933} s2villystrated tn Eoardfe aeendycive mpterialjs dgpppijed over the
phases of the |ayers 550a-550n have different

phase Q:ﬁ'bﬁgé Viyter@95aB8dorih sdtond diegtadd 21k, 1Similar to the first
247. 03enbodi nent, the resistivities of the |ayers

i ncr Wth increasin rQxim:t the .fi.rst
electigds ¢ dhe Sopduidye BiAmBRLIOr tis Sesind Slertfde p2mag pe any
. layer 550a has a
material suitable for a conductive electrode, for example, TiN, TiAIN, TiW,
platinum, tungsten, among others. In fhe illustrated embodiment, the layers 205
and 212 are formed as blanket layers. It is understood layers 205 and 212 can be

subsequently patteined as desired by, for example, and insitu or exsitu etch

method.

[0032] Additional processing steps can be performed, for example, to form
connections to other circuitry of the integrated circuit (e.g., logic circuitry, sense

amplifiers, etc.) of which the memory cell 200 is a part, as is known in the art.

[0033]  FIGS. 5 and 6 depict alternative embodiments of the memory cell
200. In the exemplary embodiment depicted in FIG. 5, the phase change layer 205
includes a plurality of layers 550a-550n of phase change material. The crystalline

phases of the layers 550a-550n have different resistivities and, in the illustrated

10
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greater resistivity than a crystalline phase of |ayer
550b; and the crystalline phase of |ayer 550b has a
w@em@atiern2r esi stivity than a crystalline phase PET/US2087/006316

550c; and so forth. [0034] The | ayers 550a-550n can be

same or different phase change materials. Each |ayer

550a- 550n can be doped with varying concentrations of

a dopant or can renmai n undoped to determ ne the

resistivity of the crystalline phase of the respective.
embpdirant ha feriasivitien Of Hh i A1 Crrasps it sharessiog Regpimity to

be formed simlarly to |ayers 206 and 207 as descri bed

the falgo¥Rctrode@oRe For @Raimily, thelery$iilird phayebt 1bgy£550a has a
550a- 550n are shown, the phase change |ayer 205 can

| ncl ud ny, nunber of..i ndi vi du | ayers. 35] | he
srealglass By nan g srenr e Bhie BPlaykEYE0R ardtthi trasfaas phase

205 is gradient doped with a dopant,-e.g., nitrogen or
of lapay §Elh hdsa gheater residtivity Ghan heryvaldine phesdicfiay&6iblcsand so

formed such that the resistivity of the crystalline
fortiPhase of the phase change |ayer 205 increases in a

gradi ent manner fromthe second el ectrode 212 to the

first electrode 202. The gradi ent 660 can be, for

exanpl e,. a |inear or_exponenti al gr_gient. I f desired,

[9473%] por ihestaysts pafla-Prinsean ke sae onybiffesent phgsecdansehe

second el ectrode 212 can be substantially free of the
matetglanEacll layer BBAISSON dalebd @sped with YagfiagicohteRBAti6AS of a

be achi eved using different dopants for different
dopfr&r&-' coar}lsre%aiyhenc%gedd EMheRiine the resistivity of the crystalline
phase of the respective layer 550a-550n. - The individual layers 550a-550n can be
formed similarly to layers 206 and 207 as described above in connection with FIG.

4B. Although layers 550a-550n are shown, the phase change layer 205 can

include any number of individual layers.

[0035] Inthe exemplarf embodiment of FIG. 6, the phase change layer 205
is gradient doped with a dopant, e.g., nitrogen or oxygen. Aé shown in FIG. 6,
the dopant gradient 660 is formed such that the resistivity of the crystalline phase
of the phase change layer 205 increases in a gradient manner from the second
electrode 212 to the first electrode 202. The gradient 660 can be, for example, a
linear or exponential gradient. If desired, the portion of the phase change layer

205 adjacent the second electrode 212 can be substantially free of the dopant.

11
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[0036] The gradient 660 can be forned simlarly to

| ayers 206 and 207 as descri bed above in connection
wawdao/1690a 4B. For exanple, to formthe gradi ertT/68007/006316

during the formati on of phase change | ayer 205, the

fl ow of dopant gas can be adjusted to achieve the

desired gradient 660. [0037] FIG 7 illustrates a

processor system 700 which includes a nenory circuit

748, e.g., a nmepory device, which, enpl oys. menory arr
Also, 1he ,fe%ﬁgmiﬁéﬂl?a‘ééé%ﬁﬁ%‘? achis b ypnaditiere gpants tor
according to the invention. The processor system 700,

differehit Poreidfis be thé gradixangd(®, a conputer system
generally conprises a central processing unit (CPU)
744, such as a mcroprocessor, a digital signa

e L T R e P E

device 746 over a bus 752. The menory circuit 748 )
descriloerhabpair sompedtiorneithiG.4B. et etarsples 2o fompi the pyadient

through a nmenory controller. [0038] In the case of a

660 SRS PUET, of PR B GBaSfy /s IIRATBY S s con

drive 754 _and a conpact disc (CD) ROM drive 756, which
be adjustgd tgachifvedte destrderadent 680er t he bus 752. Menory

circuit 748 is preferably constructed as an integrated
circuit, which includes a nmenory array 701 having at
[008dbkt &IE. Feliwstyates b lprdogssd? sPstén0 0@ edridh gcltides Aenemory

invention. |f desired, the menory circuit 748 may be
circuft%', Q%d, a memory device, which employs memory array 701, which
includes memory cells 200 constructed according to the invention. The processor
system 700, which can be, for example, a computer system, generally comprises a
central processing unit (CPU) 744, such as a microprocessor, a digital signal
processor, or other programmable digital logic devices, which communicates
with an input/output (I/O) device 746 over a bus 752. The memory circuit 748

communicates with the CPU 744 over bus 752 typically through a memory

controller.

[0038] In the case of a computer system, the processor system 700 may
include peripheral devices such as a floppy disk drive or hard drive 754 and a
compact disc (CD) ROM drive 756, which also communicate with CPU 744 over
the bus 752. Memory circuit 748 is preferably constructed as an integrated

circuit, which includes a memory array 701 having at least one memory cell 200

12
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with the processor, for exanple CPU 744, in a single
integrated circuit. [0039] The above description and
waele@nitonyel are only to be considered ill ustratiRer/v§2007/006316
exenpl ary enbodi nents, which achieve the features and
advant ages of the present invention. Mdification and
substitutions to specific process conditions and
structures can be made without departing fromthe
Spirit and sco 0 he sent invention.
aCCOA 8 @ ‘9"“—‘{‘ Eﬂ@é R IRIROTLCIBEIE S48 maay b cambined
being imted by the foregoing description and
withdthevpriogsessob foriekaaiply CRUI744dnbysihgte fregeated cideqit.
appended clainms. 13 47.03CLAI M5 What is clainmed as new
and desired to be protected by Letters Patent of the

[z?{g%f]gg @@gﬁga%éeag%&w er | aﬁ{?%éerrpr I SI 0 t?ér S SI&

. second portions in serles wi th one another a
illusgrafize Hflexampipes empodiments, whichechieye thug\fea@ras Ahdher
resistivity than a resistivity of the crystalline

adan-ﬁﬁ mﬁpe%eﬁpﬂttea%w Moﬂl%lcaat’,ﬁ mystﬁhﬁm&o%emﬁc

rein the phase change nateri conpri ses
naterl sel ect ed frontthe roup consisting of Ge
procg@qeg\c%ggg tuggsrean lpe]ggl@ e without depgrnng from the spirit

and scope of the present.invention. .Accordingly, the invention is not to be
considered as being limited by the foregoing description and drawings, but is

only limited by the scope of the appended claims.

13
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InSe, InxSbyTez, Sn Sb Te , Ga Se Te , |1nShGe,

Agl nSbTe, GeSnSbTe, Te*GeyST? Sk and GeSbSeTe. 3. The
woreswongooel ement of claim 1, wherein the first POrUS®N7/006316

is doped to have the higher resistivity. 4. The nenory

el ement of claim3, wherein the first portion is doped

wWth nitrogen. 5. The nenory el enent of claimS3,

wherein the first portion is doped with oxygen. 6. The

menory el ement of cl ai i rein the first portion
conprises a progr arrmablnt A . 14 1994247 037. The
menory elenment of claiml1l, wherein at |least the first

pOMHia® s clairgeddisaitiw dagetbsir@d tdibe pmitedtyd dlyehettérsFatent of
claim1, wherein the region of phase change nateri al

the Unitediftatesés a plurality of |ayers of phase change
material. 9. The nenory elenent of claim1, wherein
the regi on of phase change material further conprises

ay | ea ' rdoin [g[?r series with the first and
second%%?ﬁ%%%&%ﬁcry fﬁlﬁghe phase of the third

portion having a different .
a region of phase change material comprising first and second

portions in series with one another, a crystalline phase of the first
portion having a higher resistivity than a resistivity of the crystalline
phase of the second portion.

2. The memory element of claim 1, wherein the phase
change material comprises a material selected from the
group consisting of GexSbyTe:, GaSb, GexTey, SbTe, InSb,
InSe, InxSbyTe, SnbeyTEZ{.'Ga)fSEyTEz, InSbGe, AgInSbTe,
GeSnSbTe, TexGeySb.Sk and GeSbSeTe.

3. The memory element of claim 1, wherein the first portion
is doped to have the higher resistivity.

4. The memory element of claim 3, wherein the first portion
is doped with nitrogen.

5. The memory element of claim 3, wherein the first porti'on
is doped with oxygen.

6. The memory element of claim 1, wherein the first portion
comprises a programmalﬂe volume.

14
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resistivity than the resistivities of the crystalline

phase of the first and second portions. 10. The nenory
web@meoto2pf claiml, wherein the first and secP@mUS2007/006316

portions conprise a resistivity gradient. 11. A nenory

array conprising: a plurality of nmenory cells', at

| east one nenory cell conprising: a first electrode; a

second el ectrode; and a regi on of phase change

material between the fjrst and,second.el eciraodes, the

pfas &g RFRETY £lesm ey O gita W&}%?wfdaasrtitf@ Birsh

second portions, the first portion 15 1994247

O3coppriich tggadiemgdgpedbl e vol ume, and an crystalline
phase of the first portion having a higher resistivity

B ey el ol SR hoaR f .

wherei n-the phase change material conprises a nateri al
sel ephesk thange matenaligoneprisésa phgabify GElagieyief , GaSh,
Ge Te , SbTe, InSb, InSe, |InxSbyTez, SnxSbyTez, Ga Se

Te . phASPEand O ARMA:

9. The memory element of claim 1, wherein the region of
phase change material furt'l:ler comprises at least a third
portion in series with mé first and second portions, a
crystalline phase of the third portion having a different
resistivity than the resistivitiés of the crystalline phase of
the first and second portions.

10. The memory element of claim 1, wherein the first and
second portions comprise a resistivity gradient.

11. A memory array comprising:
a plurality of memory cells, at least one memory cell
comprising:
a first electrode;
a second electrode; and
a region of phase change material between the first and
second electrodes, the phase change material region

comprising first and second portions, the first portion

15
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GeSnSbTe, and GeShSeTe.. 13. The nenory array of claim
11, wherein the first portion is doped to have the

whe@heeooeesi stivity. 14. The nmenory array of cP@/ns287/006316

1994247.03

wherein the first portion is doped with nitrogen. 15.
The nenory array of claim 13, wherein the first
portion is doped with oxygen. 16. The nenory array of
claim1l, wherein at least the first portionis

gradi ent doped. 17. The o array of claim 11,
wher EPRPEEG é@regrmbgg & Oﬁﬁaﬁg@%{‘m %tlahb‘?ff‘rrp ri ses
a plurality of layers of phase change material. 18.

The phagy yf e fist pbrigbahavidg a Wighed residigrityettiaon of
phase change material further conprises at |east a

and SERREVSAE ion SRS b e Bk FS e Ot i o
portion having a different resistivity than the
12si Thevheinesy afrayhef dainsld) Wiheeeiphtheelufsetdhenger st
and second portions. 19. The nenory array of claim 11,
wher ﬁle{{ef'ig?cctﬂl'ﬁitseéag Snaterial selected from the group
consisting of Ge«SbyTez, GaSb, GexTey, SbTe, InSb, InSe,
In:SbyTez, SnxSbyTez, GaxSeyTe:, InSbGe, AgInSbTe,
GeSnSbTe, TexGeySb.Sk and GeSbSeTe..
13. The memory array of claim 11, wherein the first portion is
doped to have the hjgher‘ resistivity.
14. The memory array of claim 13, wherein the first portion is
doped with nitrogen.
15. The memory array of claim 13, wherein the first portion is
doped with oxygen.
16. The memory array of claim 11, wherein at least the first
portion is gradient doped.
17. The memory array of claim 11, wherein the region of
phase change matex:i.al cox#prises a plurality of layers of
phase change material.

18. The memory array of claim 11, wherein the region of

phase change material further comprises at least a third

16



second portions conprise a resistivity gradient. 20. A
processor system conprising: a processor; and a nenory

wa@lewraeoeonpri sing a nmenory cell, the nenory ceCT/US2007/006316

1994247.03

conprising: a first electrode, a second el ectrode, a
| ayer of phase change material between the first and
second el ectrodes, the phase change material |ayer
having first and second portions, the first portion
conprising at |east one of a njtrogen and oxygen
dopaMCTHRE 15 seFips pfh F}rf‘egb?‘iéé‘él SCORAPITHOBE: Hort i on
having a higher resistivity than a resistivity of the

Crysteaydtallihepplisse offthe kird rRddngm differd 04247
0321. The system of claim 20, wherein the first

P oastonE bRy CeErFitSBeRE U E5elTinS et oB
wherein the first portion is at an interface of the
fi r stthe fiest arodl eccomall pdntiquisase change
19. The memory array of claim 11, wherein the first and
second portions comprise a resistivity gradient.
20. A processor system comprising:
a processor; and
a memory device comprising a memory cell, the memory
cell comprising;:
a first electrode,
a second electrode, |
a layer of phase change material between the first-
and second electrodes, the phase change material layer
having first and second portions, the first portion
comprising at least one of a nitrogen and oxygen dopant
and a crystalline phase of the first portion having a

higher resistivity than a resistivity of the crystalline phase

of the second portion.

17



material |ayer. 23. The system of claim 20, wherein at
| east the first portion is gradient doped. 24. The

wayevamoof clai m 20, wherein the phase change PeEr/E810a7/006316

| ayer further conprises at least a third portion in
series wwth the first and second portions, a
crystalline phase of the third portion having a
different resistivity than the resistivities of the

S AR ARGPOT B PV erriR 5P Eet TRy | i ng:

formng a first electrode; formng a second el ectrode;

.. for moognprisesi progianpihable whlangeofrttecati lahsthmiaveen t he

1994247.03

first and second el ectrodes, the phase change nmateri al

regi r such that a resistivity of crystalline
phasgﬂglgn é'gﬁg}%t portion of the phase change materi al

region is 18 1994247.03greater than a resistivity of a
A2y stlhd $ystephafsdaioh 26, whermin the firstoposiort isatphase
change material region, the first portion conprising a

Pr 9. ARRR S AMAk WISt electrode and the phase change

material layer.

23. The system of claim 20, wherein at least the first portion
is gradient doped.

24. The system of claim 20, wherein the phase c};ange
material layer further comprises at least a third portion in
series with the first and second portions, a crystalline
phase of the third portion having a different resistivity
than the resistivities of the crystalline phase of the first
and second portions.

25. A method of fértnirig a memory cell, comprising:
forming a first electrode;
forming a second elec&ode;
forming a region of phase change material between the
first and second electrodes, the phase change material
region formed such that a resistivity of crystalline phase

of a first portion of the phase change material region is

18



26. The nethod of claim 25, wherein the phase change
material region conprises a material selected fromthe

w@e@apowensi sting of GexSbyTez, GaSh, GecTe , BOIVES2007/006316

1994247.03

InSb, InSe, In Sb Te , SruSbyTe , GaxSeyTe | nSbCe,
Agl nSbTe, GeSnSbTe, Te Ge Sb Sk and GeSbSeTe. 27. The
nmet hod of claim 25, further conprising doping the
first portion. 28. The method of claim27, wherein the

dopant is nitrogen.. 29. The t.hod of claim 27
mher%qqqt‘?rﬁg‘aﬁ@p'%ﬂsqvétyo%g’iyg??é nephastRf AGESPd el ai m
27, wherein doping the first portion conprises

pr ovpeiitivth af thepshisegdmrigeanathrial negivhettecfirstf f or mi ng
t he phase change material region. 31. The nethod of

cl aim 27 erei n dopi i tion conprises
[ rrpl%% |dr¥lgg$rﬁg% op %Bgrggfgel?g}%%é g’é%&gl% form ng the
phase change material region. 32. The nmethod of claim
26, Themeé¢thodtof| dhaisn 26nwhefeinitbe phase changeecond

el ectrodes are fornmed conprising at leas t one of TiN,

T 005 S BT
group consisting of GexSbyTe:, GaSb, Ge«Tey, SbTe, InSb,
InSe, InxsSbyTe:, SnSbyTez, GaxSeyTe:, InSbGe, AginSbTe,
GeSnSbTe, TexGeySb:Sk and GeSbSeTe.

27. The method of claim 25, further comprising doping the
first portion.

28. The method of claim 27, wherein the dopant is nitrogen.

29. The method of claim 27, Wherein the dopant is oxygen.

30. The method of claim 27, wherein doping the first portion
comprises providing a dopant gas flow during the act of
forming the phase change material region.

31. The method of claim 27, wherein doping the first portion
comprises implémting the dopant after the act of forming
the phase change material region.

32. The method of claim 25, wherein at least one of the first

and second electrodes are formed comprising at leas t one

of TiN, TiAIN, TiW and tungsten.

19



conprises gradient doping at least the first portion.
34. The nethod of claim25, wherein form ng the phase

w@eb@ngeorrat eri al region conprises form ng a plRCHUB1097/006316

1994247.03

of layers of phase change material. 35. The nethod of
clai m 25, wherein the region of phase change materi al
is formed further conprising at least a third portion
in series with the first and second portions, a

[ 1] n&gﬂ&i %}ﬁwﬁ%ﬁé}'ﬁ{ﬁg" ort I %E\Ak# EQ(%BPnt he

cryst all'ine phase of the first and second portions.
36. thmprides@ladfertldoping st ledseties firdtqrartion. t he regi on
of phase change nmaterial conprises formng the region

TR e Ge R B REMERNEY | (e

nmet hod conprising the acts of: formng a first

el ecchadge mategahfegjon comprigesdpEing d@lurdityiofg a

phase change material |ayer over the first el ectrode;

and ZQrers of phase change material.

35. The method of .claim 25, wherein the region of phase
change material is formed further comprising at least a
third portion in series with the first and second portions,

a crystalline phase of the :'third portion having a different
resistivit};* than the fesistivities of the crystalline phase of
the first and second portions.

36. The method of claim 25, wherein forming the region of
phase change material comprises forming the region of
phase change material having a resistivity gradient.

37. A method of forming a memory cell, the method
comprising the acts of:
forming a first electr“ode; g
forming a second eléétrode;

forming a phase change material layer over the first

electrode; and
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1994247. 03doping a first portion of the phase change
material |ayer with at | east one of nitrogen and

w@oegaeeosuch that a crystalline phase of the fPeBUS2007/006316

1994247.03

portion having a higher resistivity than a resistivity
of the crystalline phase of the second portion. 38.
The nmet hod of claim 37, wherein doping the first
portion conprises doping a progranmabl e vol une. 39.

The system qQf claim 37, ,wherein_ doping the first
por ¢ FORI AP CRETHAT, 6 e phase PREE SRtT Al Y ST st

el ectrode and the phase change nmaterial |ayer. 40. The
met hedtioht khat onSdf nithegen and ogiygen sheh thatsd porti on
conprises gradient doping at least the first portion.
21 12348442 hase of the first portion having a higher
p gag
resistivity than a resistivity of the crystalline phase of the
second portion.
38. The method of claim 37, wherein doping the first portion
comprises doping a i)rogrammable volume,
39. The system of claim 37, wherein doping the first portion
comprises doping an interface of the first electrode and
the phase change material layer.

40. The method of claim 37, wherein doping the first portion

comprises gradient doping at least the first portion.
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