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the | ower electrode may produce tenperatures on the order of 600 C
resistor, which reversibly changes between higher and lower resistance states.

15 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.

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

20  of alloys are 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 contacts on either end of
the passage.

The phase-change may be induced by heating the phase-change material. In some

25  embodiments of phase-change memories, a current is applied through a lower electrode that
has sufficient resistivity or other characteristics to heat the phase-change material and to
induce the appropriate phase change. In some embodiments, the lower electrode may
produce temperatures on the order of 600° C.

One problem with existing electrode arrangements is that the higher the temperature,

30 the lower the resistivity of the material. Thus, as the lower electrode is heating up in order to
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Figure 4 is a greatly enlarged, cross-sectional view of the embodiment shown in

Figure 3 at the subsequent stage of manufacturing in accordance with one embodiment of the
15  present invention; '
Figure 5 is a greatly enlarged, cross-sectional view of the embodiment of Figure 4 at a
subsequent stage of manufacturing in accordance with one embodiment of the present
invention;
Figure 6 is a greatly enlarged, cross-sectional view of a subsequent stage of
20  manufacturing in accordance with one embodiment of the present invention;
Figure 7 is an enlarged, cross-sectional view of still a subsequent stage of
manufacturing in accordance with one embodiment of the present invention; and
Figure 8 is a schematic depiction of a system in accordance with one embodiment of

the present invention.

25  Detailed Description

Referring to Figure 1, a memory cell 10 may include a phase-change material layer
24. The phase-change material layer 24 may be sandwiched between an upper electrode 26
and a lower electrode 14. In one embodiment, the lower electrode 14 may be cobalt silicide.
However, the lower electrode 14 may be any conductive material. Similarly, the upper

30 electrode 26 may be any conductive material.



Referring to Figure 1, a nenory cell 10 may include a phase-change materi al
| ayer 24. The phase-change material |ayer 24 may be sandw ched between an
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between the amorphous and crystalline states.
The interfacial layer 20 does not increase its conductivity with increasing temperature
to the same degree as other available materials such as cobalt silicide. The reduced resistivity
20  atincreased temperature makes conventional materials less than ideal as heating electrodes
for the phase-change material layer 24. At relatively high temperatures, such as 600° C,
where the resistivity of other materials decreases, the effectiveness of the interfacial layer 20
as a heater to induce phase changes is not substantially diminished.
Silicon carbide, in particular, is less prone to losing its resistivity at higher
25  temperatures because it is a wide band gap material. Other wide band gap materials include
galium nitride and aluminum nitride. Other carbon containing materials that may be utilized
as the interfacial layer 20 in embodiments of the present invention may include sputtered
carbon and diamond. |
The interfacial layer 20 may be deposited, for example, by chemical vapor deposition
30 in the case of silicon carbide and by sputtering in the case of diamond or carbon. Other layer

forming techniques may be utilized as well.
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implantation, as shown in Figure 4, to increase its conductivity and to decrease its resistivity

after annealing.

As shown in Figure 5, a spacer material 22 may be deposited over the layer 20. The

spacer material 22 may, in one embodiment, be a chemical vapor deposited oxide. The oxide
20  material 22 may then be subjected to an anisotropic etch to form the cylindrical sidewall
spacer 22, shown in Figure 6, in the pore 18.

Turning to Figure 7, in one embodiment, the phase-change material layer 24 may be
formed into the pore 18 and specifically into the region defined by the sidewall spacer 22 so
as to contact the layer 20. An upper electrode 26 may be deposited over the phase-change

25  material 24. Then, the electrode 26 and the phase-change material 24 may be patterned and
etched to form the structure shown in Figure 1.

Through the use of a carbon-containing interfacial layer 20, the resistivity of the
phase-change material heater may be substantially increased while at the same time
improving the heating performance of the heater at high temperatures. The heater effectively

30  includes the series combination of the lower electrode 14 and the carbon-containing
interfacial layer 20. However, a series resistive combination is dominated by the element

with the higher resistance, which may be the carbon-containing interfacial layer 20 in some
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to a interfEedusd horbd cmbldae a badic miput/outputrsystem (BIOS) memory 62 and to
a serial input/output (SIO) device 56. The device 56 may be coupled to a mouse 58 and a
keyboard 60, for example. Of course, the architecture shown in Figure 8 is only an example
of a potential architecture that may include the memory 48 using the phase-change material.
20 While the present invention has been described with respect to a limited number of
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.



coupl ed between a processor 42, a display 46 and a bus 50. The bus 50 in
such an 15 enbodinent is coupled to an interface 52 that in turn is coupled
t o anot hewowa®3$41 The bus 54 nay be coupled to a basic i mgmtUSorepat system
(BIOCS) nenory 62 and to a serial input/output (SIO device 56. The device
56 may be coupled to a nouse 58 and g _keyboard 60, for exanple. O course,
the architecture shown in Figure 8 is only an exanple of a potenti al
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a Gar bon- cont ai nfongingry giafacianke hayeial overaaenibonrdueimtg imerthedl laeni ng a
phase-change material over said carbon-containing interfacial |ayer. 1 2.
The nethod of claim1 wherein form ng a carbon-containing interfacial |ayer
2 qn a semondupfoheihBg brdesn | Wh'%}eri@fo?ﬁﬁ% A BB tﬁhiﬁlg%ﬁff Quehyé
conductive layer forned 3 over a semconductor. 1 3. T netﬁo o¥ claim1l
whér eian & ssnrvengluator snchules foming saidhiptérfacel layer aver laaprductige layet fodmsd f or mi ng a
| ayer includin i de band gap sem conductor nmaterial. 1 4. The method of
cl irnqyeﬁﬁé?ﬁ$ﬁn§@#%ﬁ ng a carbon-containing interfacial layer 2 includes
formng a silicon carbide layer. 1 5. The nethod of claim4 further

i ncl udi ng doping said silicon carbide layer. 1 6. The nmethod of claim5
fuldt her ind-udi %E;hmgﬁhﬂ@ oEelpign & whicreith fosaming alearbeyrepntaipinggnisefaiallayer

i nmpl a | 7. - 3 [ | ueli 1,ng a pore through
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said sem conductor and in said pore. 1 S. The nethod of claim7 including

depositing the phase-change material oqver
Fi g 4, pThe metﬁog 09 claim 3 wherein g)rming a carbon-containing interfacial layer

2 includes forming a silicon carbide layer.

1 5. The method of claim 4 further including doping said silicon carbide layer.

1 6. The method of claim 5 further including doping said silicon carbide layer

2 using ion implantation.

1 7. The method of claim 1 including forming a pore through an insulator,

2 depositing said carbon-containing interfacial layer over said semiconductor and in said pore.

1 8. The method of claim 7 including depositing the phase-change material over

2 the carbon-containing interfacial layer in said pore.

1 9. The method of claim 8 including forming a sidewall spacer between said

2 interfacial layer and said phase-change material.

1 10.  The method of claim 1 wherein forming a phase-change material includes

2 depositing a chalcogenide layer over said interfacial layer.



2 the carbon-containing interfacial layer in said pore. 1 9. The nethod of
claim8 including formng a sidewall spacer between said 2 interfacial

| ayer andweaBd3gsbase- change material. 1 10. The net hod of peiraiser/90aher ei n
form ng a phase-change material includes 2 depositing a chal cogenide |ayer
“over said interfacial |ayer. WO 03/038831 PCT/US02/29021 -7 1 11. A nenory
conprising: 2 a surface; 3 a carbon-containing interfacial |ayer over said
surface; and 4 a phase-change material over said carbon-containing
interfacial layer. 1 12. The nenory of claim 11 wherein said surface

i ngl udes ajgonduchierry edteprisinger 2 a semi conductor substrate. 1 13. The
menory of claim 11l wherein said carbon-containing interfacial |ayer 2

i nél udes a mndeaﬁaﬁhubap sem conductor nmaterial. 1 14. The nenory of claim
13;wherein said ca j I i ncludes silicon
ca%blde 1 15. fhehﬁggﬁﬁﬂmﬁﬁéﬂ#&ﬁmhpmﬁkfgﬁgﬁﬁdggyﬁkgﬁﬁ}con carbide | ayer is
doped with 2 caqﬂu&fdumgqﬂmymmlderemdwaﬂng«nn@ummgH@%ﬁwmﬂEWETThe menory of
claim 15 including an insulator positioned over said surface, a 2 pore
formed through said insulator, said carbon-containing interfacial |ayer
fojmed in 512' d FHRAENRYRT cﬁtﬁhq 1%&6’1{% §a1d %urffz?oe idd1edIRrodnhiudtive ¢hyei bver6
mhereln sai d phase-change materi al formed on 2 said carbon-containing

i n2er famemadontdagter subaate.n sai d pore. 1 18. The menory of claim 17 including
a sidewal |l spacer in said pore. 1 19. The nmenory of claim 18 wherein said
sidewal | spacer is positioned between 2 said interfacial |ayer and said

i ngul at or. 13 20.THENRemBOTYIah 16 Ivlicieid taidleatbehmosmininginastehyge nat eri al
includes a 2 chal cogenide material. |,
2 includes a wide band gap semiconductor material.

14.  The memory of claim 13 wherein said carbon-containing interfacial layer

2 includes silicon carbide.

1 15.  The memory of claim 14 wherein said silicon carbide layer is doped with

2 conductivity-type determining impurities.

1 16.  The memory of claim 15 including an insulator positioned over said surface, a
2 pore formed through said insulator, said carbon-containing interfacial layer formed in said

3 pore over said surface.

17.  The memory of claim 16 wherein said phase-change material is formed on

2 said carbon-containing interfacial layer and in said pore.
1 18.  The memory of claim 17 including a sidewall spacer in said pore.

1 19.  The memory of claim 18 wherein said sidewall spacer is positioned between

2 said interfacial layer and said insulator.

1 20. The memory of claim 11 wherein said phase-change material includes a

2 chalcogenide material.



WO 03/ 038831 PCT/ US02/ 29021 -8- 1 21. An electronic device conprising: 2 a
surface; 3 a carbon-containing interfacial |ayer over said surface; and 4 a
phase- chawge3fsisar i al over said carbon-containing interfaecalusozywer 1 22.
The device of claim 21 wherein said electronic device is a storage devi ce.
1 23. The device of claim22 whereingsaid storage device is part of a
conputer. 1 24. The device of claim23 including a processor, an interface
and a bus coupled 2 to said storage. 1 25. A nenory conprising: 2 a

sem conductor substrate; 3 a silicon carbide | ayer positioned over said
substrate; 2and A elegivmsedevi@ngempmaingr i al over said silicon carbide | ayer.
1 26. The menmory of claim25 including a conductive layer between said 2
sefii conduct or s e and said silicon carbide | ayer. 1 27. The menory of
cl gi m 26 i ncl udingrin- doﬁét%ﬁéﬁﬁer@ééﬁdl la%@tgv&@ﬂﬁléﬁﬁfhdéeaﬁ@yer 2 said

i nsul ator having a pore defined therei'n, and said pﬁase change material and
saffid silicon 3 aghabi-chenpemeterisbovey stidcabanicantsining intstfacial layer. The nenory
of claim 25 wherein said silicon carbide |layer is doped. 1 29. The nenory
of claim 28 wherein said phase-change nmaterial includes 2 chalcogenide. 1
301 The nemory dfheGledicobRBainde] wiertin suid bidewalid dspacieh sheigediviceal d phase-
2 change material and said silicon carbide |ayer

1 23.  The device of claim 22 wherein said storage device is part of a computer.

24.  The device of claim 23 including a processor, an interface and a bus coupled

2 to said storage.

1 25. A memory comprising:

2 a semiconductor substrate;

3 a silicon carbide layer positioned over said substrate; and

4 a phase-change material over said silicon carbide layer.

1 26.  The memory of claim 25 including a conductive layer between said

2  semiconductor substrate and said silicon carbide layer.

1 27.  The memory of claim 26 including an insulator over said conductive layer,

2 said insulator having a pore defined therein, and said phase-change material and said silicon
3 carbide layer being formed in said pore.

1 28.  The memory of claim 25 wherein said silicon carbide layer is doped.

29.  The memory of claim 28 wherein said phase-change material includes

2 chalcogenide.

1 30.  The memory of claim 29 including a sidewall spacer between said phase-

2 change material and said silicon carbide layer.



