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Devi ce Background This invention relates generally to electrgnic nenpries
and particularly to electronic nenories that use phase chang’gr}#a‘%%%%?.w%ﬁ
Phase changew@émhiatls may exhibit at |least two different StRbeR, /m% states
may be called the anorphous and crystalline states. Transitions f)et ween
these states maybe selectively initiated. The states maybe di sti ngui shed
because the anorphous state generally exhibits higher resistivity than the
crystalline state. The anorphous state involves a nore disordered atomc
structure. Cenerally any phase change material nmay be utilized. In sone 10
enbodi ments, however, thin-phhidahaberRRkOgeRblO¥e® €ri als my be
particularly suitable. The phase change may be i nduced reversibly.

Ther ef or e, Badkgronndory nmay change fromthe anorphous to the crystalline
state and may r.gvert back he I .sfate . reafter, .Oor.vice versa,
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t hought ofmamoResthAgEephmBOdtiEngesiasdial., whi ch reversibly changes between

hi gher and 15 | gwer resistance states, The phase_ change may be i nduced by

resi stifve heat i Hgse dHaneoRy RHD BHY FERPY 2t Fﬁﬁéuﬁ%ﬂiﬁem#ﬁ‘ﬁe’lﬂ%@ figley@ahbirber ~ of
states. Thaled e a0 ﬁ?anc?&?ﬁal%@%te@raﬂﬁti&is%%ﬂkh%ngatgyﬂag%cres' stance,
a nunber of resistance determned states may be possible, alldw ng the

st or age ofsehaghvélpinatidsed. SThefstatiestraayi be distgignighes! heehuse thk apzorpletuy state gemersBy change
al l oys are_known, .Cener al. chal cogeni de. all.oys cgntain,_.20.0one or nore

ol enant o (OIS SRt ap RS PRAM: s i el e b Sutire oo <

gr Olﬁlp of dkdrasted hﬁnﬁ&lﬁw@ﬁf&)h T@erﬁi‘dl@%ﬁy pﬁaslalahmgeelmgh eﬁa@beﬁﬁnkdnmysdm folr med
wi thin a passage or pore through an insulator. The phase change nateria
may bé OcouFrRAimenty ﬂ?B‘éfFve_ézﬁerfg‘&%?haQO%P e mpterialy ey be %HC‘BF?X FEer o, 25
One probl em t hafpeahh&lPange hilAle hbfced IRNRERNG CTREEMRE helhendry Sityain@igeand the
phase change material my be poor. One solution to'this problémis to

provi de arfromttles dmegeplagus tie crystalline state and may revert back to the amorphous state

thereafter, or vice versa, in response to temperature changes. In effect, each memory cell

may be thought of as a programmable resistor, which reversibly changes between higher and

15  lowerresistance 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



t hat pronotes adhesi on between the insulator and the phase change materi al .
Cenerally, suitable interfacial |ayers are conductors such ?ﬁ{# i éﬁ’]
particul ar, because of the use of extended |engths of phase m? ,
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change material may require adhesion along |long stripes despite the thernal
expansi on and contraction from subsequent processing steps. There is also
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PCT/ US02/ 26376 -. the phase change material stack itself and from

subsequent thbpRaseichinddeRAsh dlisQRSit{epCHat HReh Afbseqehil thiHf filndPBEBbhORqiIIQs an
integrated circuit process flow Alternatively, a glue layer may be

posi ti oned N5t aldplgetatien Hﬁ@@ﬂl ategratetheircui@rose Wchange mat eri al . However,
the glue | ayer has han L&l or, [ si ng
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cost. Anot her stl rres 1's upwardfy directed
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pr ogrami ng current that is required since heat is utilized to induce the
progr anmmi ngﬂB%@égéPﬁénge Still another problemis the incorporation of
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menori es |s th need se change material. The dry
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need for better designs hase chan?e menories that my be nmanufactured
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1lis an enlquﬁ}tgégcs Mtﬁ’éﬁha’é@@ﬁdn@é‘ﬂ;'ateﬁhlew in accordance with one enbodi nent of

20 the prese I nvention;
Yet another issue with existing phase change material memories is the need for dry

etching of the phase change material. The dry etch of a phase change material stack is a
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.



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 i n
vi ew of the enbodi ment shown in Figures 1 and 2; Figure 4 iségﬁgﬁﬁf?‘g\égﬁﬁ
cross-secti owalosniew of the initial processing of the strucgeygs@hesr¢o
Figure 1 in accordance with one enbodi nent of the present invention; Figure
5 shows subsequent processing on the structure shown in Figure 4 in
accordance with one enbodi nent of the priasent invention; Figure 6 shows
subsequent processing of the structure shown in Figure 5 in accordance with
one enbodipgefiled PesdrpBoRr €SNt i nvention; and 30 Figure 7 shows subsequent
processi ng of the enbodi ment shown in Figure 6 in accordance with one
enbodi nent of Reterpngcte dngure hyaphasdrhanggmERpRUSRY 0 X eipmos gpagipsirate
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t apered, cup-shaped phase change material 18 covered y a simlarly shaped
barri er | &yersimiarlyshsnedbarries layar 20 2 Allasplqten 32 meefilt dstcentral portion ofithst  t he

barrier 2 b a . - derlies
o barr | or Srago?? WGRE A ERAITRLEL M Sy 0B SRE 2 R PGt "

Ref er r i ng 26 ehdtimgurrennderlich éhettopelettenie28de 28 ext ends al ong two adj acent
pores. The pores nm sepatrated.b n J nsul ator 16. | 1's defiped by the
ot s THay  be’ ARETFHRIPAETRD. ol el inBers ot ebhe feo edffient oe 14 n Yo
enbodi Mentygres Afay\He @¥RAEatEd BPROM B0 16. E4IBWeEned b sgo@é fal bodRuBdteayers a
plurality of pores including the elenments 14, 18, 20 and 22, separated by

i nsul at or large seveareeTesy tasubsteie 53 Bpomsyabodimens. As viewed from above in
Figure 3, each electrode 28 covers a plurality of pores including the elements 14, 18, 20 and

22, separated by insulator 16 covered by an etch stop layer 24.

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.



15 A technique for formng the nenory cells 10, according to one enbodi nent,
may involve initially formng the | ower electrodes 14 on a t

usi ng conventional patterning and deposition techniques, asigﬁg%ﬁf‘ﬁ“l&—ﬁ)&gre
4. Any conver}d ph@sgdsechni que may be utilized to formthe e rodes 14.
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and thermal insulator. One suitable nmaterial is silicon dioxide that may be
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(CWP) is peided fachytbe tiRCAHasY €habtORGer 18 BrkiaCiayer ROARRIll dhsuldfdr 32 M@Ynde
followed by the deposition, if 25 desired, of a CVMP etch stop |ayer 24. The
| ayer 24 m&nbpdimgnt.i Brsrpbase ehange watepdl| g anay kecrehalsagemide-based makenmbsuch gdpm 10

to 1000 Angsté&0 i i j . FLgu the pore
openi ngs Sg?ez%é??%\ggh?%?%%g %tqﬁg? gé%%@%##g%ewﬁéé% 3§e garélltege wal |
spacer S30. midteiad0enawdt,| fospaampie, Sthnioay, tienifonitdde orstitagusiktangsadrd fortezah ues
of depositi ngl an. i n:maa ion Ia}(e % sel.ect i vﬂ; nimg tra ?%ZI IO dr ypieq
ot chi ng t hARTGicIess iy o AeR 8! [ iRt ke Bite LAGSI RS{aH0S 20eHY RAY 1 ayer

24. An i nsylattdiGyisPeeaherd] MYelRericalBiRuedvig! IExsﬁgle@bpgﬁhamepﬁ11 Distktoflg2 such
as Si 3N4. The thickness of the insulating spacer 30 may be in the range of
50 to 2000 matgeisiopindd nliconediendoer wigen nitpde, SERBRUABERY: b e hickess 003Rw5500
PCT/ US02/ 263 A Turning. next to Figure 6, deposited in a sequenti al
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15  material 18 is defined within an encapsulated, singulated region, the problem of adhesion

Jhwidry

between the phase change material 18 and the surrounding materials may be substantially
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 titanium-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  0of200 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.



materials include silicon dioxide or silicon nitride, such a Si3Nd wth a

t hi ckness of about 500 to 10,000 Angstrons, for exanple. T

to Figure 7, CWP renoves the fill insulator 22, barrier Iaye%s%ﬂkgggy%ﬁé
change material 18 in all regi ons above the etch stop layer 24. CWMP thereby
defines the structure of the phase change material 18 while elimnating the
need for a dry etch in one enbodi nent-5As nmentioned earlier, the use of the
dry etch may conplicate the process flow and raise issues of undercut and
re-entr aphaPicAdikee isMoreover, because the phase change 15 material 18 is
defined wthin an encapsul at ed si ngul ated region, the problem of adhesion
bet ween the ghaseAc,l%ggﬁ . 18 and the surrounding naterials may be
substantially reduced or even e imnated, even after exposure to ensuing

t hermal stresses. d@flmngrqmeglulatﬂd Qﬁen!ﬁgelnlaﬁsIOSldat'bmg [yenver the phase change
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t hi ckness in the range of 10 to 500 Angstrons. The top electrode 28 may be
al um num copper alloy in one enbodinment with a thickness in the range 25 of
200 to 20, 00Q. Ang§heonethoa‘i®é clad foihcludivegr foimeingl ayelectredarand adutuder layer,
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4, The method of claim 1 including insulating said chalcogenide material to

reduce upwardly directed heat loss.

5. The method of claim 1 including defining said chalcogenide material using

a planarization process.

6. The method of claim 5 including defining said chalcogenide material using

a chemical mechanical planarization technique.

7. The method of claim 1 including defining a side wall spacer in said
singulated opening.

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-shape of said chalcogenide material.



defining a singulated opening in an insulating |ayer, form ng a cup-shaped

chal cogenide material entirely in said opening; and formn lﬂgﬁ U12%06
insulating material in said cup-shaped chal cogeni de materi a?z.saFZé gﬁmtgod

of claim1l including form ng an el ectrode and a barrier |ayer, said

el ectrode coupled to said chal cogenide material through said barrier |ayer.
3. The nethod of claim1l including1%NTﬁng an electrode electrically coupled
to said chal cogenide naterial, and isolating species in said el ectrode from
said chal cogenide material using a barrier layer. 4. The nethod of claim1l
i ncludi ng insulating said chal cogenide material to reduce upwardly directed
heat |oss. 540Thearmbthed mpristign 1 i ncl udi ng defining said chal cogeni de
material using a planarization process. 6. The nethod of claimb5 including
defini ng sai d chafetjeaiarhasgtdienge Malend; a cheni cal mechani cal

pl anarization tec 'hrﬁ‘r‘@ ' ' i defining a side
wal | spacer in salhg S ﬁaéllezftyea e%&ﬂ?ﬁgﬂ%%%h?%%ﬁ?% aim7 including
defini ng an el ect depesitimg a ditahiamerarmner. lager iMicontaet Wikl safd phasenstngac! udi ng
using said side ||, spacer to.define t cup; shape of sai hal| cogeni de
mt o aimatsBeinsFRRsoFopn b3t Bnaltaad Ban LR BATEF Fayr sl dphiFls Dhace
change ragheict 8hid prRsEicREng® nfitegdir ode over said phase change material; and
depositing a titaniumbarrier layer in contact with said phase change

material and el ectrode such that wi thout said titaniumbarrier |ayer said

el ectrode cqpt actrhg%agggaﬁaa' %mﬁclgﬁi‘i@rf{;#igﬂ%égsdsgé}ﬁe%&BPQfé’ihialn%‘sg‘ 10

i ncludi ng fornm ng sai arrier layer
of 500 Angstroms or less.

12.  The method of claim 11 including forming said barrier layer of titanium

nitride.

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

planarizing said chalcogenide material.

14.  The method of claim 13 including chemical mechanical planarizing said

chalcogenide material.

15.  The method of claim 13 including forming a side wall spacer in said
opening and then depositing said chalcogenide material.

16.  The method of claim 13 including forming a cup-shaped chalcogenide

material.

17.  The method of claim 16 including filling said cup-shaped chalcogenide

material with an insulator.



of 500 Angstroms or |ess. 12. The nethod of claim 11l including formng said
barrier layer of titaniumnitride. 13. A method conprising: QefpgiiOre%006
opening in a structure; formng a | ayer of chal cogenide nmaterial 1 nto sard
opening and over said structure; and planarizing said chal cogeni de
material. 14. The nmethod of claim 13 including chem cal nechani cal

pl anari zing said chal cogenide mat eri al’.- 15. The nethod of claim 13
including formng a side wall spacer in said opening and then depositing
sai d chal cogenide material. 16. The nethod of claim 13 including formng a
cup-shaped chal cogenide material. 17. The nethod of claim 16 incl uding

filling sai d1gup- shmagadrcéehpegegi de material with an insulator. 28
FEBRUARY 2006 -7 18. A nepory conprising: a support structure; an insulator
over said supporta8tPRRt SFUCUER | d i nsul ator having an opening defined in

"d insul ator: , ) i\ ko] g, said
said insul ator; apd @uw&&@%gag@;gﬁggﬂ% é&&%é%tofﬁaﬁﬁ?%%@ﬂln@g sai

cup-shaped phase change nateri ng substantially entTrely w thin
sai d opeefimgd insaddingulatersandt or. 19. The nmenory of claim 18 including an

i nsul ator in said_cup-shaped, phas change. material ., 20. The menory of claim
18 wher of n Sai d pAAUE CARRGENRER Gr7e Mg Currld PapRD: sad SulEEb
phase change material arranged substantially entirely within said opening in said

insulator.

19. The memory of claim 18 including an insulator in said cup-shaped phase

change material.

20. The memory of claim 18 wherein said phase change material is

encapsulated.

21.  The memory of claim 18 wherein said phase change material is

singulated.

22.  The memory of claim 18 wherein said cup-shaped phase change material

includes a cup-shaped portion, said cup-shaped portion being filled with an insulator.
23.  The memory of claim 18 including a side wall spacer in said opening.

24. A memory comprising:
a support structure;
an insulator over said support structure, said insulator having an opening
defined in said insulator; and
a cup-shaped phase change material in said opening, said phase change
material including an upper surface and said insulator including an upper surface, said
upper surfaces of said insulator and said phase change material being substantially

coplanar.



21. The nenory of claim 18 wherein said phase change material is

singul ated. 22. The nenory of claim 18 wherein said cup-sha qqﬂﬁgﬁERQQﬂ&Qe
material includes a cup-shaped portion, said cup-shaped portion being
filled wwth an insulator. 23. The nenory of claim 18 including a side wall
spacer in said opening. 24. A nenory conprising: a support structure; an

i nsul at or over said support structure,-8aid insul ator having an opening
defined in said insulator; and a cup-shaped phase change material in said
openi ng, said phase change material including an upper surface and said

i nsul ator including an upper surface, said upper surfaces of said insulator
and sai d phags. ch@#ngendmbgdflaiMe2Ngherenssaniphaké thasge hitiérial imduddsBRUARY
2006 -8 25. The menpry of claim 24 wherein said phase change materi al

i ncl udesug-shapgrd padies@nsor fillesrinstiaton farmeddn spidseHpashaPedrarBen.i n sai d
cup-shaped portion. 26. The nenory of claim 24 wherein said filler insulator
i ncl udes an upper surface, the upper surface of said insul ator being

subst ant i al | 26 copThaaremorylof tchemupwhereirusdid diler inbulatordnéludésan upperl at or and

o oTeh 78RBS ar 3 AT T Sy ol SR

phase cRaAgcedBHLid Mllerifsul S0 ARG Yhrf Sithse2handendtBi@r Yy of claim 24 including
a side wall spacer in said opening.

27.  The memory of claim 24 wherein said phase change material is

singulated.

28. The memory of claim 24 wherein said phase change material is

encapsulated.

29. The memory of claim 24 including a side wall spacer in said opening.



