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Menory Background This invention relates generally to nenori&EEBREARYS2806
phase-change materials. Phase-change materials may exhibit at |east two
different states. The states may be 5 called the anorphous and crystalline
states. Trangbhb@igbet ween these states may be sel ectlvel initiat ed for
exanpl e, through tenperature changes. The states nay be (lﬂﬁ?tﬁ@ d
because the anorphous state generally exhibits higher reS| StIVI ty than the
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structure. Generally, any ohase chane 10 materl al may be utilized; however,
in some enbodi ments, thi nMu L £ 835687 1d1 §9LY material s may be

parti culgprd v siH tabI e. The phase change rray be i nduced reversibly.
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state and na)l"hisanmnnomutestggnerhhy mrmemd:rinmhai;um;maset ttangafnhierialsor vi ce versa.
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10 material may be utilized; however, in some embodlments, thin-film chalcogenide alloy

materials may be particularly suitable.

The phase-change may be induced reversibly. Therefore, the memory may change
from the amorphous to the crystalline state and may revert back to the amorphous state
thereafter, or vice versa. In effect, each memory cell may be thought of as a programmable

15  resistor that reversibly changes between higher and lower resistance states in response to
temperature changes. The temperature changes may be induced by resistive heating.

In some situations, the cell may have a large number of states. That is, because each
state may be distinguished by its resistance, a number of resistance-determined states may be
possible, allowing the storage of multiple bits of data in a single cell.

20 A variety of phase-change alloys are known. Generally, chalcogenide alloys contain
one or more elements from column VI of the periodic table. One particularly suitable group
of alloys is GeSbTe alloys.

A phase-change material may be formed within a passage or pore defined through a
dielectric material. The phase-change material may be coupled to electrodes on either end of

25  the passage. The contacts may pass current through the passage in order to program the cell
through resistive heating or to read the programmed state of the cell.

Current phase-change memories rely on the poor thermal conductivity of the
chalcogenide phase-change memory material itself to thermally insulate the programmable
volume from heat loss to the upper electrode. Consequently, in order to achieve better

30 thermal isolation and, therefore, more energy efficient programming of the programmable
volume, the thickness of the chalcogenide layer has to be increased. An increase of the

thickness of the layer, however, also increases the volume of material that is capable of



A phase-change material may be formed within a passage or pore defined
through a dielectric material. The phase-change material ne$¥FB R@W%ﬁ?ﬂo
el ectrodes on either end of 25 the passage. The contacts nmay pass current
t hrough the passage in order to programthe cell through resistive heating
or to read the programred state of the cell. Current phase-change nenories
rely on the pepgswhitgs mal conductivity of the chal cogenide F@a‘% change
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| ncr easi ngenhchyz vol une of materi al that undergoes t he phase change can

adversely affect reliabilit stfabi]ity, and cycle Iif t he, ry.
Thus. there iy sz papea oph BRase-changs BemORL ¥ WP Ve fegistics and

char agt ergegtbintatic@nd 5 performance. Brief Description of the Drawi ngs Figure
1 is an enlarged, cross-sectional view of one enbodi mrent of the present

i nvention; 10 Figure 2 is an enlarged, cross-sectional view of an initial
stage of wm ﬁfeﬁﬂ‘ﬁ)%n Sﬂhé)f)ra\JtP device shown in Figure 1 in accordance with
one enbodf TENt oF 1 € present Invention; Figure 3 is an enlarged,
cross-secti on&iguw bwmfcnlmtgedem@edcmmlvmmmemnfépgmwtdfthepmdnater st age of
manuf act l{lr“i,eggod_n accordance with one enbodi nent of the present invention,;

10 Figure 2 is an enlarged, cross-sectional view of an initial stage of manufacturing of
the device shown in Figure .1 in accordance with one embodiment of the present invention;
Figure 3 is an enlarged, cross-sectional view of the embodiment shown in Figure 2 at 1
a later stage of manufacturing in accordance with one embodiment of the present invention;
Figure 4 is an enlarged, cross-sectional view of the embodiment shown in Figure 3 at
15  still a later stage of manufacturing in accordance with one embodiment of the present
invention;
Figure S is an enlarged, cross-séctional view corresponding to Figure 4 at still a later
stage of manufacturing in accordance with one embodiment of the present invention; and
Figure 6 is an enlarged, cross-sectional view of the embodiment shown in Figure 5 at

20  alater stage of manufacturing in accordance with one embodiment of the present invention.

Detailed Description
Referring to Figure 1, a phase-change memory 10 may be formed on an integrated

circuit substrate 12. The phase-change memory 10 may include a lower electrode 14 that in
25  one embodiment may be made of cobalt silicide. An upper electrode 28 sandwiches a lower,

programmable phase-change layer 22 and an upper phase-change layer 26. Between the

phase-change layers 22 and 26 is a chemical barrier layer 24.

The pore of the phase-change memory 10 may be defined by sidewall spacer 20. That

is, the region of contact between the lower electrode 14 and the phase-change layer 22 may
30 be of a size determined through the imposition of the cylindrical sidewall spacer 20. In one

embodiment, the pore, including the phase-change layers 22 and 26, may be defined within

an opening formed in a pair of insulator layers, such as the upper insulating layer 18 and the



Figure 4 is an enlarged, cross-sectional view of the enbodi nent shown in
Figure 3 at 15 still a later stage of manufacturing in accctPEBREARY2006ne
enbodi ment of the present invention; Figure 5 is an enl arged,
cross-sectional view corresponding to Figure 4 at stifll a |ater stage of
nanufacturinqwbgsgﬁgprdance wi th one enbodi nrent of the present invention;
and Figure 6 1% nl ar ged, cross-sectional view of the eMSEHSAEMETIshown
in Figure 5 at 20 a later stage of manufacturing in accordance with one
enbodi nent of the present invention. Detailed Description Referring to
Figure 1, a phase-change nenory 10 may be fornmed on an integrated circuit
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The barrier layer 24 provides a chemical barrier between the underlying
programmable phase-change layer 22 and the overlying phase-change layer 26. The
overlying phase-change layef 26 may be provided primarily for thermal isolation in some
embodiments. The barrier layer 24 may have adequate electrical conductivity so that the
15  programming current passing through the programmable phase-change layer 22 can flow
laterally around any resistive region of the thermal isolation phase-change layer 26 and may
contact to the conductive regions of this layer distant from the programming region.
Typical thickness of the barrier layer 24 may be in the range of 50 to 200 Angstroms.
The thermally insulating phase-change material layer 26 may also be vapor deposited in situ
20  onto the barrier layer 24. The thermally insulating phase-change material layer 26 can be
made of the same composition as the programmable phase-change layer 22 or it can be

chosen from a range of available chalcogenide materials with poor thermal conductivity. In
one embodiment, it is advantageous that the layer 26 has a thermal conductivity of less than
1E-2 W/cm.X and good electrical conductivity, for example, greater than 40Q™* cm™. The
25  thickness of the layer 26 can be in the range of from 100 to more than 1,000 Angstroms.
Referring to Figure 2, a mask 30 may be defined on a stack including the substrate 12
covered by the lower electrode 14, the first insulating layer 16, the second insulating layer 18.
Turning next to Figure 3, an opening 32 may be etched through the insulating layers
16 and 18, stopping on the lower electrode 14. In one embodiment, an etchant that is
30 selective to the layers 16 and 18 and that is less effective against the electrode 14 may be
utilized. Thereafter, the insulating material 20 may be deposited into the pore and over the

layer 18, as shown in Figure 4. A variety of insulating layers may be utilized including



5 change | ayer 22 maybe in the range of 300 to 500 Angstroms. The thickness
of this layer may be chosen so as to reduce the vertical di "3 EEBRUARY!2006
programed vol unme. The phase- change | ayer 22 maybe deposited in a
cup-shaped opening formed by the sidewall spacer 20, resulting in a
cup-shaped phase-change |layer 22. A simlar shape is therefore defined for
the barrier 4 and the overlying phase-change | ayer 26. |In one
embodi nent, ?h@ﬁﬁﬁgé% 10 change |l ayers 22 and 26 may be forkfedUiHd* vapor
deposition. The barrier |layer 24 provides a chemi cal barrier between the
underlying programmabl e phase-change-fayer 22 and the overlying
phase-change | ayer 26. The overlying phase-change | ayer 26 maybe provi ded
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15 improving programming performance. At the same time, it is not necessary to program the
insulating layer 26, reducing the volume of material that must undergo the phase-change
during programming. This may improve reliability, stability, and cycle life of the memory 10
in some embodiments.

While the present invention has been described with respect to a limited number of

20  embodiments, those skilled in the art will appreciate numerous modifications and variations

therefrom. It is intended that the appended claims cover all such modifications and variations

as fall within the true spirit and scope of this present invention.



utilized. Thereafter, the insulating material 20 nay be deposited into the
pore and over the layer 13, as shown in Figure 4. A variety3&EBRIARR200¢y
| ayers may be utilized including 8 FEBRUARY 2006 WO 03/021692 -4

PCT/ U502126374 oxide. In one enbodinent, a tetraethylorthosilicate (TEOS)
oxi de deposition process may be wutilizgd. The deposited |layer 20 is then
subjected to an anisotropic etch to formthe «cylindrical sidewall spacer 20
as shown in Figure S. The sidewall spacer 20 and insulating |ayer 18 nay

t hen be Whatiedaimedhs:t he 5 programmabl e phase-change | ayer 22. The | ayer 22
may then be coated with th rrier layer 24 and the insulating
phase-changecll‘aye?\%r.noﬁicﬁglcggl,pnf‘lﬁg upper el ectrode 28 nmay be deposited.
Because of the i nadiktlaysnobh phdse-chargenakdriagpacer 20, each of the layers 22,
24, 26 and 28, to sone degree, may be defined {n a cup-shaped

configurati on. Thé‘%’f‘?"&é?ﬁf@g%ﬁl&ﬁﬁ{hqnﬁeﬂaﬁﬁl 'aBA may then be subjected to
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some enbodi ments. Through the use of nultiple chal cogenide |ayers, the
menory ceiahgeliBatbeal epinplstely saperating saich fiesh lager frave paidpecodlayes on. At the same
time, the volune of material that undergoes a phase-change during
programm ng may be relatively limted. In other words, the insulating
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10, 15 inproving, progr.amm ng performance. At the sane tine, it is not
necessar?chagzoﬁ?%%?’&%e?ae insulating |ayer 26, reducing the vol une of

mat eri al that nust undergo the phase-change during programmng. This may
inprove reliability, stability, and cycle life of the nenory 10 in sone
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appreci ate nunerous nodifications and vari ations

4. The cell of claim 1 wherein said first and second layers of phase-change material

are the same material.
5. The cell of claim 1 wherein said non-phase-change material is a conductor.

6. The cell of claim 1 including a semiconductor substrate and an electrical contact

formed in said substrate.

7. The cell of claim 6 including an insulating layer formed over said substrate, and a

passage formed through said insulating layer.

8. The cell of claim 7 wherein said first and second layers are formed at least in part

in said passage.

9. The cell of claim 8 including a sidewall spacer formed in said passage over said

contact.

10.  The cell of claim 1 wherein said first and second layers are cup-shaped.



therefrom It is intended that the appended clains cover all such
nmodi fi cations and variations as fall within the true spirit SEKBRIAIRE 2006
this present invention. 8 FEBRUARY 2006 -5 What is clainmed is: | . A nmenory
cell comprising: a first |ayer of a phase-change material; a second |ayer of
a phase-change material; and a non-phasée-change material between said first
and second | ayers, said non-phase- change material conpletely separating
said first layer fromsaid second |ayer. 2. The cell of claim1 wherein said
first |ayer ofl.a ghasell ehelpige! whewsin said seeonddaer of phage-ehange sygtsiicbiE mat eri al .

3. The cel f.clai i id first and second | ayers are different
phase-cﬁgﬁg Ie%%“%?ﬁg%gﬁﬂﬁ&q#ﬂgﬁﬁéll of claim1 wherein said first and

second | ayers of phase-change material are the sanme material, 5. The cel

of claiml| wherein said non-phase-change material is a conductor. 6. The
cel | of clain?l i AtMGECRECY OBRI¥B&duct or substrate and an el ectri cal

contact forned irafﬁ@dlgyéab%nﬁta@han@emﬁmiagaha of claim6 including an
insulating |ayer fornmed over said substrate, and a Eassage formed t hrough

sai d insul ating | @&pseponddayerpta phase-change materinly oplyone phsaid figst pnd sseonddavesecond
| ayers a&%hg&.[cgi‘ir\?\%elarfnatler?ﬁ%%iniggro%?r'éngmalgl@ sai d passage. 9. The cell of claim8
€ 0

i ncl udi ng "a si spacer I'n said passage over said contact. 10.
The cell of claim1l wherein said first and second | ayers are cup-shaped.

13.  The cell of claim 12 including a non-phase-change material between said first and

second layers.
14.  The cell of claim 12 wherein the first layer of phase-change material is
programmable and the second layer of phase-change material acts as an insulator for said first

layer of phase-change material.

15.  The cell of claim of 12 wherein said first layer of phase-change material is made

of a chalcogenide material.

16.  The cell of claim 12 wherein said first and second layers are different phase-

change materials.

17.  The cell of claim 12 wherein said first and second layers of phase-change material

are the same material.
18.  The cell of claim 13 wherein said non-phase-change material is a conductor.

19.  Thecell of claim 12 including a semiconductor substrate and an electrical contact

formed in said substrate.

20.  The cell of claim 19 including an insulating layer formed over said substrate, and

a passage formed through said insulating layer.



8 FEBRUARY 2006 -6 11. The cell of claim1l wherein said second |ayer of
phase-change material is configured to provide thermal isol StKERRUARY 2006
menory cell conprising: a first |layer of a phase-change material; and a
second | ayer of a phase-change material, only one of said first and second
| ayers of phase-change material being-programmable. 13. The cell of claim
12 including a non-phase-change materi al between said first and second

| ayers. 14. The cell of claim 12 wherein the first |ayer of phase-change

material is 2dr ogrihewelbpkclainy2q whersinsaiddirstapd secopd yaisereiormnebatdeasein al act s

as an igfah‘ﬂ' Leesaid first layer of phase-change material. 15. The cell
of cl ai oflﬁﬁﬁ\ﬁéu%rgei n said first |ayer of phase-change material is nmade of

a chal cogenide material. 16. The cell of claim 12 wherein said first and
second Iayerzzare differ eni] ghase— change materials. 17. The cell of claim
12 wherein s&iad f 't BFQRFYECBRES P &yers of phase-change material are the

same material. 18.; fithidayeebf a phaselchdnge kdterdRr €i N sai d non- phase- change
material is a conductor. 19. The cell of claim12 including a sem conductor

substrate and an alseeandileygr obpphasechange mategial differspiyfram tha phiaseschange  The cel |

of clai 9id1veLHE ERY 1”8 Lpgul ating | ayer fornmed over said substrate, and a
passager&l%trrrlre% %ﬂr&ughﬁséig@i nsul ati ng | ayer. 8 FEBRUARY 2006 -7

a non-phase-change material between said first and second layers.

23.  The cell of claim 22 wherein said non-phase-change material is an electrical

conductor.

24.  The cell of claim 22 wherein said second layer of phase-change material is

configured to provide thermal isolation.

25. A memory cell comprising:
a first layer of a phase-change material;
a second layer of a phase-change material; and

a conductive non-phase-change material between said first and second layers.

26.  Thecell of claim 25 wherein said first and second layers are different phase-

change materials.
27. The cell of claim 25 wherein said first and second layers are of the same material.

28. A method comprising:
forming a pore over a substrate;
forming a sidewall spacer on said pore;
forming a first layer of a phase-change material over said sidewall spacer;

forming a non-phase-change material over said first layer; and



21. The cell of claim20 wherein said first and second | ayers are forned at
least in part in said passage. 22. A menory cell conpri si ng8 FEBRUARY 2@fper
of a phase-change nmaterial; a second |ayer of a phase-change materi al
different fromthe phase-change material of said first layer; and a

non- phase-change material between said girst and second | ayers. 23. The cel
of claim22 wherein said non-phase-change material is an electrical
conductor. 24. The cell of claim 22 wherein said second | ayer of

phase- change mat efdraiing ssecowhlayeof @ phasg-changgintteriadh everspidinoptphaseoianges. A
menory cell .conprising: a first |layer of a phase-change material; a second
| ayer of MHe )ase- change material; and a conductive non-phase-change nateri al
between said first and second |ayers. 26. The cell of claim25 wherein said
first and second |ayers are different phase- ch e terials. 27. The cel
of claim 25 whereilf® %F@%ﬂ? Flafm ggéflc “P‘Q?é}fe?‘}gﬁ'aélg%?coﬂlﬂ ayggrfétl}pas[ag}ci al .
28. A ngjhgd,conprising: formng a pore over a substrate; formng a

si dewal | spacer on said pore; formng a first |ayer of a phase-change
material over said sidewall spacer; form ng a non-phase-change materi al

over said fi r3§;t | e ?ﬂ'eth%ta%f %laﬁ%%gz%ﬁlﬂ%ﬁgglﬁg rt]lgece)fﬁrgé 4 s@co%ﬂq{f%ps dfdivfLrefl @

phase- change erial over said non-p
materials.
31.  The method of claim 28 including forming a conductive non-phase-change
material.

32.  The method of claim 28 including forming a contact over said substrate and

forming said sidewall spacer on said contact.

33.  The method of claim 32 including contacting said contact with said first layer.

34,  The method of claim 28 including forming said first layer to have a thickness
between about 300 to 500 Anstroms.

35. A method comprising:

forming a pore over a substrate;

forming a sidewall spacer in said pore;

forming a first layer of a phase change material having a first thickness;

forming a non-phase change material over said first layer, said non-phase change
material having a second thickness less than said first thickness;

forming a second layer of a phase change material over said non-phase change
material such that said first and second layers are completely separated by said non-phase change
material; and

forming said first and second layers in said non-phase change material over said

sidewall spacer.



material. 29. The nmethod of claim28 including formng the first and second
| ayers of the sane material. 30. The nethod of claim 28 i ncBFEHBRPARY APty
the first and second |ayers of different materials. 31. The nethod of claim
28 including form ng a conductive non-phase-change nmaterial. 32. The nethod
of claim28 including form ng a contact9ever said substrate and formng
said sidewal | spacer on said contact. 33. The nmethod of claim 32 including
contacting said contact with said first |layer. 34. The met hod of claim 28

i ncl udi ng f or3$i ng Tdaimethadraficlaimgya indydingipeningiihy frehaslsecondilgresrrfdhoiame300 to
500 Anstraog, 35. A nmethod conprising: formng a pore over a substrate;
forming a sidewall spacer in said pore; formng a first |ayer of a phase
change material having a first thickness; form ng a non-phase change

mat erial over,said.first |ayer ai on: phase, cha mat.eri al ing a
second thi ckridss 1’88 ge?}hoélnoqual"g 3? i‘?ccsli‘l’d}?gﬁo%?wggg? E;rsg%‘% Sﬁ(éongei%yee(r:so% YaYer of a
phase chamggalgat eri al over said non-phase change material such that said

first and second | ayers are conpletely separated by said non-phase change
material; and formng said first and second |layers in said non-phase change

mat eri al C)\/(:""3856“ q’hf?ﬁé&ﬁ)@a(lflcha?rﬂ%g%clucﬁné: 3 E}oﬁ%@ivé gorg‘-ﬁhasyaﬁadﬁt hod of

claim 35 including formng the first and sec ayers of the sare
material.

39.  The method of claim 35 including forming a contact over said substrate and

forming a sidewall spacer on said contact.
40.  The method of claim 39 including contacting said contact with said first layer.

41.  The method of claim 40 including forming said non-phase change material to

have a thickness of 50 to 200 Angstroms.

42. A system comprising:
a digital signal processor; and
a memory coupled to said digital signal processor, said memory including a first
layer of a phase-change material, a second layer of a phase-change material, and a non-phase-
change material between said first and second layers, said non-phase-change material completely

separating said first layer from said second layer.

43.  The system of claim 42 wherein said non-phase-change material is a conductive

material.

44.  The system of claim 42 wherein said first and second layers are different phase-

change materials.



material. 37. The nmethod of claim35 including formng the first and second
| ayers of different naterials. 38. The nethod of claim 35 i 8HERRUARY 306 ng
a conductive non-phase-change material. 39. The nethod of claim 35
including formng a contact over said substrate and formng a sidewal |
spacer on said contact. 40. The nethod 19f. clai m 39 including contacting said
contact with said first layer. 41. The nethod of claim40 including formng
sai d non-phase change material to have a thickness of 50 to 200 Angstrons.
42. A syst emdbonpiThssystem af deigi 42aWhereigrsaid fpstand serond layars aze tire sameyploesetpl ed t o
sai d diq%%g%r%h Qﬁl processor, said nenory including a first |ayer of a
phase- chan naterial, a second |ayer of a phase-change material, and a

non- phase- change material between said first and second | ayers, said

non- phase-change material conpletely separating said first |ayer fromsaid
second | ayer. 43. The system of claim42 wherein said non-phase-change
material is a conductive material. 44. The system of claim42 wherein said
first and second | ayers are different phase- change materials. 8 FEBRUARY
2006 -10 45. The systemof claim42 wherein said first and second | ayers are
t he sane phase- change materi al



