WO 03/ 023875 PCT/ US02/ 26376 Phase Change Material Menory Devi ce Background
This invention relates generally to electronic nenories and particularly to
el ect roni wo osanss7ses t hat use phase change material. 5 Phaxa/csvangae
materials may exhibit at least two different states. The states naybe

cal l ed the anorphous and crystalline states. Transitions between these
states may be selectively initiated. The states may be distingui shed
because the anorphous state generally exhibits higher resistivity than the
crystalline state. The anorphous state involves a nore disordered atomc
structure. Generally any mhasehshrnggerstMeiaty Dasicde utilized. In sone 10
enbodi nents, however, thin-filmchal cogenide alloy materials nay be

parti cuBakkxpundi t abl e.  The phase change may be induced reversibly.
Therefore, the nenor o 3 - r i ne
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be thought of as a prograpmabl e resi stor, whi rever si changes bet ween
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st at es. eécause ‘each state nmay be distinguished by’ its
resi st agteiivelynitibied. The stetk stayealidmpeshedizgasedhesmorphgubdatp geriralie,

allowing the storage of rmultjple bjts of ta i i ngl L], A i et
of | phasesiEuEvE FGy bt ion st | e orep BBt B sy ot af
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parti cul ar suita roup of alloys is the GeSbTe alloys. A phase change
mat e i atmbedimbetsflorwadr, whindfilm chalsagendealloy mpaerdals maybgipadiculalysyiteiler . The

phase change teri may be coupl ed to.upp a I r on
either end ng?}ﬁée %’@?%%%gy%ﬁﬁvgﬁlﬁﬁaﬁhg? ?Ogg’étﬁél(@e{rﬁzlﬁfﬁ{akgﬂa Serence
bet weengtind BEHAbEY todhlciybRalIRbaGe: arhasgrveRbark @l theayolppopogate One
solution to this problemis to provide an interfacial |ayer that%lfrormtes

adhesi othelvefiom envichgeisagn resporsean irnraatpreadiangssa iy efort @eh Memogefidt al | y,
suitabl r%aly %E: %{ofu%ﬁ{ c‘% asla%\fgé‘rgmmma%lecrgggtgﬁkﬁﬁal I%Ugljgib?f ctidnb8 B eiken higher and

15  lower resistance states. The phase change may be induced by resistive heating.

In some embodiments, 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.

A variety of phase change alloys are known. Generally, chalcogenide alloys contain

20  one or more elements from Column VI of the periodic table. One particularly suitable group
of alloys is the GeSbTe alloys.

A phase change material may be formed within a passage or pore through an
insulator. The phase change material may be coupled to upper and lower electrodes on either
end of the pore.

25 One problem that arises is that the adherence between the insulator and the phase
change material may be poor. One solution to this problem is to provide an interfacial layer
that promotes adhesion between the insulator and the phase change material. Generally,
suitable interfacial layers are conductors such as titanium.

In particular, because of the use of extended lengths of phase change material, the

30  possibility of separation arises. The use of column stripes of phase change material may
require adhesion along long stripes despite the thermal expansion and contraction from

subsequent processing steps. There is also accumulative stress along the column line from



In particular, because of the use of extended |engths of phase change
material, the 30 possibility of separation arises. The use of colum

stri pes ovOphagis7thange material may require adhesi on al eag/usenes3sd ri pes
despite the thermal expansion and contraction from subsequent processing
steps. There is also accunul ative stress along the colum |ine fromWD

03/ 023875 PCT/ US02/ 26376 -2 the phase2cthange naterial stack itself and
from subsequent thin-filmdepositions required as part of integration into
an i nt ¢ phad chirgeuhiteralaeek stsélf avd frémtsebsegtient ¢hiy:file depositibayrequinedasbe
posi ti oned hetween the insulatgr.and t he ggpse change material. However,
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speci ePIPFSHERESlUpper el ectrode into the 10 phase change material .
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change naterial . .The dr.y.etch of hh terial stack is a

conpl i cCHE eBﬁS@EE@dﬁOéﬂgg )t PTaRL }%ﬁg%g%%%ggﬁ er'lmtar ant profiles nmay be
encount er ed. SiPandibi prélemas the ife id106f dpetitefrotiabe ghser klctrpdwine thhange
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view in_accor i iment of 20 the present invention; Figure
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complicated process. Issues of undercut and re-entrant profiles may be encountered.

15 Thus, there is a need for better designs for phase change memories that may be

manufactured using more advantageous techniques.

Brief Description of the Drawings

Figure 1 is an enlarged, cross-sectional view in accordance with one embodiment of
20  the present invention;
Figure 2 is an enlarged, cross-sectional view of the device shown in Figure 1 taken
transversely to the view shown in Figure 1;
Figure 3 is a top plan view of the embodiment shown in Figures 1 and 2;
Figure 4 is an enlarged cross-sectional view of the initial processing of the structure of
25  Figure 1 in accordance with one embodiment of the present invention;
Figure 5 shows subsequent processing on the structure shown in Figure 4 in
accordance with one embodiment of the present invention;
Figure 6 shows subsequent processing of the structure shown in Figure 5 in
accordance with one embodiment of the present invention; and
30 Figure 7 shows subsequent processing of the embodiment shown in Figure 6 in

accordance with one embodiment of the present invention.



25 Figure 1 in accordance with one enbodi ment of the present invention;

Figure 5 shows subsequent processing on the structure shown in Figure 4 in

accor danceoms3tssgone enbodi ment of the present invention; RQ@Qus®2863hows

subsequent processing of the structure shown in Figure 5 in accordance

wi th one enbodi nent of the present invention; and 30 Figure 7 shows

subsequent processing of the enbodi merd - shown in Figure 6 in accordance

wi th one enbodi nent of the present invention. WO 03/023875 PCT/ US02/ 26376

18 Det]géthi]?éji@@%ﬁf,ﬁ@{i oanef erring tthi gure 1, a phase change nenory cell
may be forned on a substrate 12 that in one enbodi nent may be a silicon
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that in turn underlres t top el ectrode 28 Referring to Figure 2, the
top el eyt sidelaPl§ seatedibdsriallaey20.n fHtijnadetor 2P araysill theeentpal pegionenf the

separated by an jinsul ator 16. L1 g.defined by th . b istrib d
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including the elements 14, 18, 20 and 22, separated by insul ator 16
covidr ed by aRefetroty tetFogure dythe topmeleamda 28 eateniigaleng BYo adipeAnhpOEhe R nor y

cells 10, according to,pne enbodi nent. bavolve injitially. f 1.ng the
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15 A technique for forming the memory cells 10, according to one embodiment, may

involve initially forming the lower electrodes 14 on a substrate 12 using conventional
patterning and deposition techniques, as shown in Figure 4. Any conventional technique may
be utilized to form the electrodes 14. The electrodes 14 may be formed of a variety of
conductors including cobalt silicide.

20 The insulator 16 may then be deposited over the patterned lower electrodes 14. In one
embodiment, the insulator 16 is an electrical and thermal insulator. One suitable material is
silicon dioxide that may be from about 50 to 1500 Angstroms thick in one embodiment. Next
a planarization such as, for example, a chemical mechanical planarization (CMP) is
performed to achieve global and local planarity. This may be followed by the deposition, if

25  desired, of a CMP etch stop layer 24. The layer 24 may be silicon nitride or polysilicon
having a thickness from 10 to 1000 Angstroms in one embodiment.

Referring next to Figure 5, the pore openings 32, defined through the etch stop layer
24, receive a side wall spacer 30. The side wall spacer 30 may be formed using standard
techniques of depositing an insulating layer and selectively anisotropically dry etching that

30 layer from the lower electrode 14 and the etch stop layer 24. An insulating spacer 30 may be
made of silicon dioxide or nitride such as SisN4. The thickness of the insulating spacer 30

may be in the range of 50 to 2000 Angstroms in one embodiment.



enbodi nent, the insulator 16 is an electrical and thernmal insulator. One
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reduced or even eliminated, even after exposure to ensuing thermal stresses.

The imposition of the insulator 22 over the phase change material 18 reduces upward

thermal losses. Thermal losses may result in the need for greater programming currents to
20  obtain the same programming effect.

As shown in Figure 1, the structure of Figure 7 may be covered with a barrier layer 26
and a top electrode 28. In one embodiment, the barrier layer 26 may be titanium, titanium
nitride, or titanjum-tungsten at a thickness in the range of 10 to 500 Angstroms. The top
electrode 28 may be aluminum copper alloy in one embodiment with a thickness in the range

25  0f200 to 20,000 Angstroms. The use of a barrier layer 26 may reduce the incorporation of
species from the top electrode 28 into the phase change material 18 in some embodiments.
The top electrode 28 and barrier layer 26 may be patterned using standard photolithographic
and dry etching techniques to achieve the structures shown in Figure 1, 2, and 3.
While the present invention has been described with respect to a limited number of
30  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.



bet ween t he phase change material 18 and the surrounding materials may be
substantially reduced or even elimnated, even after exposure to ensuing
t hermal swoas®zIs75 The i nposition of the insulator 22 over PCaSphases change
material 18 reduces upward thermal |osses. Thernmal |osses may result in
the need for greater programmng currents to 20 obtain the sane

progranmi ng effect. As shown in Figured4, the structure of Figure 7 may be
covered with a barrier layer 26 and a top electrode 28. |In one enbodi nent,
t he barwhefiskrugsd #6 may be titanium titanium nitride, or
titaniumtungsten at a thickness in the range of 10 to 500 Angstrons. The
top electrode 28 may be al um num copper alloy in one enbodinent with a

t hi ckness inlthe A oc?(?onggris to 20,000 Angstrons. The use of a barrier
| ayer 26 may ‘reduce e ITncorpotration of species fromthe top el ectrode 28
int@ the phase chisfigéngmsiagilated dfering;sone enbodi nents. The top el ectrode

28 and barrier |ayer, 26 may_be tterned using,standard.phatolithographic
and3dry etching t%&fﬁmg(ﬁfé@'%p%ﬁﬁﬁ?aé@%h@ﬁﬁmﬁ?g‘&%ﬁaé OB af“ﬁ Figure 1, 2,
and ;3. Wiile the ' i A i BRCduphdpd s espeet to a

i m'4t ed nunber ofﬁhgg&rgn%%lgﬁlﬁgﬁ?gﬂm{}%gg%@gki 'l ed lj|pn tdﬁe %rt wi | Ig appreci ate
numer ousatexidl. f i cati ons and variations therefrom It is intended that the
appended cl ai ns cover all such nodifications and variations as fall within
the true spirit and scope of this present invention. WO 03/023875

PCT/JUS02/ 26376 - Pne Mtodio? clhidil TRéluding fdrmling bn BRERGI mdrgbandérmayerSaid
defining a singulated opening; 3 formng a cup-shaped phase change materi al
in <ai delogeiersguplatth spid phast aangempaseriad trpughhsaid harigglayek erial in the
cup-shaped phase change 5 nmaterial. 1 2. The nmethod of claim1 including
formng an electrode and a barrier layer, said 2 electrode coupled to said
phase changesnat eTh@method@fghisaiidcloaing ifefihgye electtod elddiacatiptdonpledfo cl ai m
1 including formng an el ectrode el ectri pa%lgi/@coupl ed to. 2 sai g hase

charye srd phasaichangganaterdlaandigolatirgspssics W etfadeosy gaif PRARC LA E S phase
¢ har’gge material using a barrier layer.
1 4. The method of claim 1 including insulating said phase change material to
2 reduce upwardly directed heat loss.
1 5. The method of claim 1 including defining said phase change material using a
2 planarization process.
1 6. The method of claim 5 including defining said phase change material using a
2 chemical mechanical planarization technique.
1 7. The method of claim 1 including defining a side wall spacer in said singulated
2  opening.
1 8. The method of claim 7 including defining an electrode in said opening.
9. The method of claim 8 including using said side wall spacer to define the cup-

2 shape of said phase change material.



3 material using a barrier layer. 1 4. The nethod of claim1 including

i nsul ati ng said phase change material to 2 reduce upwardly directed heat

| oss. 1 5wODh®23ses hod of claim 1l including defining said poasgsovbiange
material using a 2 planarization process. 1 6. The nmethod of claimb5

i ncludi ng defining said phase change material using a 2 chem cal

mechani cal planarization technique. 1-¢: The nethod of claim1 including
defining a side wall spacer in said singulated 2 opening. 1 8. The nethod
of dl aim7 ingl udhrgerfiefyi doinpgisig: el ectrode in said opening. 1 9. The met hod
of claim8 including using said side wall spacer to define the cup- 2 shape
of &aid phase chahePPRESENFHEIS: WO 03/ 023875 PCT/ US02/ 26376 -6- 1 10. A
eIy Y SO L S Nan st BPA dhidubhit Uifoturd, il inSSitoR he¥in@ R bp&Ahd Ssupport
strudcture, said insulator having opening 4 defined in said insulator; 5
a cup- stfhed ipkdd msahorge nmaterial in said opening; and 6 a thermally
insulating material in said cup-shaped ase . hanae_na erial. 1 11. The
menoty of clai m 19°%h @Fﬂpg%ﬁe&h%%‘isﬁ%l? ﬁagﬁpg?r W Mbterial fills said 2
cup-ghaped phase ¢RARASI{RIERAS maferihPin shidecuBRRESA HasEtidinge Adtdrat! udi ng an
el ectrode and a barrier Yayer between 2 said el'ectrode and said phase
change material, said electrode coupled to said phase change 3 nateri al

t hrough said barrjer |ayer. 13.  The nmeno of . ' « Lkld

el ectrode el éﬁt ri tg? W“%’S%Bféﬁlq o Wﬁsremzsaﬂ)c!]éfrem%l al%dep‘ﬁr}rlgﬁﬁel%}{é %’;11 lg@iagd(;l ate
speqiesc@ﬁgkggdﬁhﬁggﬁgggIﬁﬁgﬂﬂihe phase change material. 1 14. The nmenory
of claim10 including an insulator over the phase change material 2 to

reduce upwardly directed heat | o0ss.

1 12.  The memory of claim 10 including an electrode and a barrier layer between
2 said electrode and said phase change material, said electrode coupled to said phase change

3 material through said barrier layer.

1 13.  The memory of claim 10 including an electrode electrically coupled to the

2 phase change material to isolate species in the electrode from the phase change material.

1 14.  The memory of claim 10 including an insulator over the phase change material

2 toreduce upwardly directed heat loss.

1 15.  The memory of claim 10 wherein said phase change material is singulated.

1 16.  The memory of claim 15 including a side wall spacer in said singulated

2  opening.

1 17.  The memory of claim 16 including an electrode in said opening.

1 18.  The memory of claim 17 wherein said cup-shaped phase change material is

2 formed over said side wall spacer.

1 19.  The memory of claim 10 wherein the phase change material is generally

2 parallel to the side wall spacer.



1 15. The nmenory of claim 10 wherein said phase change material is
singulated. 1 16. The nenory of claim15 including a side wall spacer in
sai d si ngwlcai3aed3@sopening. 1 17. The nmenory of claim 16 i rrdudkongedn

el ectrode in said opening. 1 18. The nenory of claim 17 wherein said
cup-shaped phase change material is 2 formed over said side wall spacer. 1
19. The nenory of claim 10 wherein the’phase change material is generally
2 parallel to the side wall spacer. W 03/023875 PCT/ US02/26376 -7- 1 20.
A nmet hod conprising: 2 defining a phase change material; 3 formng an

el ectrode over said phase change material; and 4 isolating said el ectrode
from sai d phdde cAdAYBOGERBPHSAIE 1 21. The nethod of claim 20 including

i ncoyporating a b@,r?fgji r .gaid 2 phase change nmaterial and

sai g';el ectrode. 1 .%%gﬂ%gtcﬂg%\g?ﬁ%la}l m 21 including incorporating a
barri er |ayer of forminmgharmcdlertrode bv@3aidifesaeiangeimateriel;aingh 22 i ncl udi ng
formng said barrjey layer of titanium2. nitride. 1 24. A menory
congtising: 2 a ﬁﬁ%ﬁ‘@g ﬁéﬁ%gtrwiﬁ@91p§pl,dp§a%gnchgp%ecwgggl. over said phase
change material; and 4 a barrier |layer between said phase change nateri al
and said electrode. 1 25. The nenory of claim 24 wherein said barrier |ayer
i s al conduct 2Ve | Aremethod of6laiRE indwding insprogirating DHrigrdpyarheleaed stidr ri er

| ayer includes titaniym .1.27. The nenory of claim?24 wherein said barrier
Iayei pSW%ﬁﬁ@ggﬁ%aé‘?r@g aflﬂs%}éle%?cmi&el ectrode fromentering said phase change
material. 1 28. A nethod conprising: 2 defining an opening in a structure;

1 22.  The method of claim 21 including incorporating a barrier layer of a conductor.
1 23.  The method of claim 22 including forming said barrier layer of titanium

2 nitride.

1 24. A memory comprising:

2 a phase change material;

3 an electrode over said phase change material; and

4 a barrier layer between said phase change material and said electrode.

1 25.  The memory of claim 24 wherein said barrier layer is a conductive layer.

1 26.  The memory of claim 25 wherein said barrier layer includes titanium.

1 27.  The memory of claim 24 wherein said barrier layer prevents species in said

2 electrode from entering said phase change material.

28. A method comprising:
defining an opening in a structure;
forming a layer of phase change material into said opening and over said

structure; and

o R W N =

planarizing said phase change material.



3 formng a |layer of phase change material into said opening and over said
4 structure; and 5 planarizing said phase change material. WO 03/023875
PCT/ US02/ #B303823878 1 29. The net hod of claim 28 i ncl udi ng rRdTewsoe/aé376
mechani cal planarizing said phase 2 change material. 1 30. The net hod of
claim28 including formng a side wall spacer in said opening 2 and then
depositing said phase change material 8% 31. The nmethod of claim 28

i ncluding form ng a cup-shaped phase change 2 material. 1 32. The nethod
of c¢i ai m 31 pacl utthegettidd fetpim@sdncdugding bhgedalpheshenchbplgearizhgwmicphiaat wi t h
an insulator. 1 33. A nenory conprising: 2 a support structure; 3 an
opend ngch%ﬂg§§laﬁer@tlrpport structure; and 4 a planarized phase change nateri al
in said opening. 1 34. The nenory of claim 33 wherein said phase change
material is cup-shaped. 1 35. The nenory of claim34 including an

i nsul at or i n38ai dThemethvaped]gin8ancuding dioprming o sidearall spags.in #é opening y  of
cl ai m 33 erein said se change material is encapsulated. 1 37. The
menot y %gm@le]éid%’(@? ﬁﬂﬁﬁsggtfa&ggﬁ‘é‘%glaghange material is singulated. 1 38.
The nmenory of claim 33 including an el ectrode coupled to said phase change

2 material. 1 39. The nenory of claim38 including a barrier |ayer between
sai dl el ect r odé. an@he meglziddbiredeimr2Sdhcluding forming a cup-shaped phase change

2 material.

1 32.  The method of claim 31 including filling said cup-shaped phase change

2 material with an insulator.

1 33. A memory comprising:

2 a support structure;

3 an opening in said support structure; and

4 a planarized phase change material in said opening.

1 34.  The memory of claim 33 wherein said phase change material is cup-shaped.
1 35.  The memory of claim 34 including an insulator in said cup-shaped phase

2 change material.

1 36.  The memory of claim 33 wherein said phase change material is encapsulated.
1 37.  The memory of claim 33 wherein said phase change material is singulated.
1 38.  The memory of claim 33 including an electrode coupled to said phase change

2 material.

1 39.  The memory of claim 38 including a barrier layer between said electrode and

2 said material.



