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phase-change alloys are known. Cenerally,” chal cogeni de al'loys coritain” one
or nore el efidnbits Hghsnresistityrthay the érystaling stateo dihe amoatpheus strie inyalves zolowsr | v

sui table gr f .alloyvs ar Te all . +.A phase- cha material may
o 1 or med i presred Bm s, At e @ivoncy PR HA0RN eI [lcky. "
The phase- cGangsilyyaiiepliasd-clangdraateial phachetunilicat) hawd ver, i serhé ErbodimehtQfthint he

passage, . Th hase- chan may pe induced. b eating the phase-change
mat er i al® |ﬁh§8h?§°°82@3%%§m%%ﬁ§n®f ed?‘?é‘%"éﬁ{%&éﬁ’é@lqremri es, a current is
applied through ehd shagd cRh@Ghdyostendutal revtaﬁaﬂﬁurﬁe}érbﬁgﬁlf Rty il ti¥an@E Ot her

characteristics to heat the phase-change material an 0 induce the

appr opr i at efrprdbearneraheps to the crysiging stotscandapaygeverthack tofbe ampphoysstpte may

thereafter or vice versa. In effect, each memory cell may be thought of as a programmable

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 known. Generally, chalcogenide alloys contain
one or more elements from column VI of the periodic table. One particularly suitable group

20  ofalloys 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



produce tenperatures on the order of 600 C. One problemw th existing

el ectrode arrangenents is that the higher the tenperature, 30 t3EMARGEH 200
resistivity of the material. Thus, as the |lower electrode is heating up in
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present invention;

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; '
 TFigure 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.



the present invention. 25 Detailed Description Referring to Figure 1, a
menory cell 10 may include a phase-change nmaterial |ayer 24. The
phase-change material |ayer 24 may be sandwi ched between an uppel MAREH 2096
26 and a lower electrode 14. In one enbodinment, the | ower electrode 14 may
be cobalt silicwdasmsdsemever, the | ower el ectrode 14 may be aperagdasieb ve
material. Simlarly, the upper 30 el ectrode 26 may be any conductive
material . 31 MARCH 2006 WO 03/038831 PCT/YS02/29021 -3 The |ower el ectrode
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and t he phase-chgn mat eri al . r. 24, |.n.one.enbodi nent .of .t he . present
vent son the. a1 evoRRsheihe EHEd R oD e pE PR ETRE Do a et
silicon car g:ixadﬁial Riyki Mfi@lﬁibhﬁﬁorimh Thioge Sﬂmginﬁl .I exﬁla}’@ﬂi?ﬂﬁc_fail)g&iﬁbwillss*pgceddi2dg band
gap sem conduct or th al.ternati ng hexagona anes of siljcon and carbon
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resistivity ihRato erse PRise-cBingP klateridNbler 240 down with increasing

sili

tenperature. Therefore, silicon carbide is very 15 effective for heating the
phase- cH&nge mat & prfl embedispendaf thppgrgsent invention, the sarpeibrentaiping dnterfaciad layer 20

phase- chang &q{ i v . P-nduce .6 . ,
materi al | a;?/% 26 xluﬁ%tolvaglzle,lg&}t e lgﬁoéflg ou%r@%ﬂ%ﬁlss"%? ‘frpﬁgﬂg?’zfﬁ %g e d
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significantly go down with increasing temperature. Therefore, silicon carbide is very
15  effective for heating the phase-change material layer 24. Again, it is desirable to heat the
phase-change material layer 24 to induce changes of the phase-change material layer 24
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.



20 at increased tenperature nmakes conventional materials |ess than ideal as
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15 in sone e nents, ontaining I nterfaci ayer 20 may’ be
subj ect 8 t an sgmd embodiments, the carbon-containing interfacial layer 20 may be subjected to an ion

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



i npl antation, as shown in Figure 4, to increase its conductivity and to
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series conbPileriythememeprmay boutilized e yasety of grogeisprbasedianpliansse Fikepisfance
of the intepfac ]-,firg,-,() it ' : RERRS | shown in
Figure 1 msn;C ngagb?lgﬁd?a)égxgegg&y 0 oféﬁfdé%gsneg?%%?g gésﬁgéu?}ﬁgleﬂdi ng lﬁ)hﬁgérsge nunber
of cell 40 That nlmrgsneralnthe useoftht phase-change memeryungy besadyhntagepiigia avmumibst ¢f of
processor-b d,-s e u S 40. shown o Fi . 8. [
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use of the phase-change nenory. nay be advantageous in a nunper_ of
embodiment 1s coupled to an interface 52 that in turn is coupled to another bus 54.

The bus 54 may be coupled to a basic input/output system (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. Itis intended that the appended claims cover all such modifications and variations

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



enbodi ments in terns of |ower cost and/or better performance. Referring to
Figure 8, the nenory 48, formed according to the principles described
herein, may act as a system nenory. The nmenory 48 nmay be coupl €1 MAREH 2006
interface 44, for instance, which in turn is coupled between a processor
42, a display 46 and a bus 50. The bus ®&0 in such an 15 enbodinment is
coupled to an interface 52 that in turn is coupled to another bus 54. The
bus 54 nay be coupled to a basic input/output system (BIOS) nenory 62 and to
a serial input/output (SIO device 56. The device 56 may be coupled to a
nouse S¥hand ckimkéjhoard 60, for exanple. O course, the architecture shown
in Figure 8 is only an exanple of a potential architecture that may include
the nenory 48 using the phase-change material. 20 Wile the present

i nvention has bee i W.1.h respect to a limted nunber of

enbgdi ment s,ls't hosé ng{i?ﬁ lé%ﬁﬁrr]l% e art will .appreciate nunerous nodifications
and2vari ations tfeemély Dearboi-cortainitgaidefdcibhiayeridnen apmesdrdtoz] ai ms cover all
such nodifications and variations as fall within the true spirit and scope
of Bhis present |ingeasingthe deactnigakepndugbeity of saitbearbon-eandinipg interfaciall . A

net hod conpri si ng;, gr L&{m' ng a carbon-containing interfacial |ayer on a

sem conductor; 31 AeP 8asi ng the electrical conductivity of said

car bon- cont ai ni ngformirgy 4 pieisedcharde ntat@rial otertbaidafionoatiag enteifaideayeat eri al
over said carbon-containing interfacial layer. 1 2. The nethod of claim1
whedei n forndng allkems®edosslaamdi Weereintemping agerboayeontaiming interfac@skleshiduct or
i nchud 1 o I r 18l i d 3
ovet o e e S S AT et BRIy & N LK Rye BB bt

car Bon-ozeni a¢micogdudtsrer f aci al layer 2 includes formng a layer including a
wi de band gap sem conductor material. 1 4. The nethod of claim3 wherein
formng a carbon-containing interfacial layer 2 includes formng a silicon
carbide layey. 1 f i : i 40 i; i d
si | ilpcon car gji'de I'gl;/ee%.g&(l)ag)@%ﬁgqn%%ﬁ%gq%émﬁgg}cﬁﬁgnfd&ﬁ%gw?ﬁgﬁﬁ iﬂﬁ%ﬁgopi ng
sai @ siih¢ludes fornimigddayenyincluding a wide band gap semiconductor material.

1 4, The method of claim 3 wherein forming 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.



2 using ion inplantation. 1 7. The nmethod of claim 1l including formng a
pore through an insulator, 2 depositing said carbon-containing i3ntveAReH 28b6

| ayer over said sem conductor and in said pore. 1 8. The nethod of claim?7

i ncl udi ng depositing the phase-change yjmterial over 2 the carbon-containing
interfacial layer in said pore. 1 9. The nethod of claim8 including form ng
a sidewal |l spacer between said 2 interfacial |ayer and said phase-change
material. 31 MA 2006 -7 .1 10. The .method of claim| wherein formng a
phaie-changéormte eaqneﬁwé%a@gn 1vhetein P‘E“?lﬁéaé’h&%‘?}}?%%ma&’é‘ahw ®dver said
Inthf%eb@Aimhg%ﬁalcé%eHde 18y eFRIVRF i £ G Mer, 2 @ surface; 3 a silicon
carbide i nterfacial Tayer over said surface; and 4 a phase-change nateri al
over said silicon carbide layer. 1 12. The nenory of claim 11l wherein said
surface includes a conductive, | ayer over 2 a sem conductor substrate. 1 13.
Thelmenory dil-cl o FRIMORGHFOPESNEai d sili con carbide layer is doped with 2
con?ucti Vi ty-type;1 dekgemning inpurities. 1 14. The nmenory of claim13

i ncl'uding an insul ator positioned over said surface, a 2 pore forned

t hrdugh sai d i nsud siticon cabidd itarfiial-layen baemsaiisurfacerandci al | ayer fornmed in
saig 3 pore over said surface. 1 15. Th ,germr of claim 14 wherein said
phade- change nat &t Phaseiclanespalgng) pvensald siljcemeasbide d¥§t-ai ni ng i nter f aci al

| ayer and in said pore. 1 16. The nmenory of claim 15 including a sidewall
spacer in said pore. 1 17. The nmenory of claim 16 wherein said sidewall
spater is pd<iti cHedmbmoneefclaizn thivtierent wid aurfaat inchydes aznddwdivd 1pleasesrchange
mat?ri al. 1 1%. tThe rrg_rr{)ry of claim 11l wherein said phase-change materi al

i ncf uddSeRIConduRer SURsHACde material. 1 19. An el ectronic device conprising:

1 13.  The memory of claim 11 wherein said silicon carbide layer is doped with

2 conductivity-type determining impurities.
1 14. The memory of claim 13 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.

1 15. The memory of claim 14 wherein said phase-change material is formed on

2  said carbon-containing interfacial layer and in said pore.
1 16. The memory of claim 15 including a sidewall spacer in said pore.

1 17.  The memory of claim 16 wherein said sidewall spacer is positioned between

2  said interfacial layer and said phase-change material.

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

2 chalcogenide material.

1 19.  An electronic device comprising:

2 digital signal processor; and



2 digital signal processor; and 31 MARCH 2006 -8 3a nmenory coupled to said
processor, said nenory including a surface, a 4silicon carbide interfacial

| ayer over said surface and a phase-change material over said 53iMARCH 2006
carbide |l ayer. 120.The device of claim 19 wherein said electronic device is
a storage device. 121.The device of clg.m 20 wherein said storage device is
part of a conmputer. 122. The device of claim 21 including a processor, an
interface and a bus coupled 2to said storage. 123. A nenory conprising: 2a
sempconduct or sub , il ' ~ i A r said

sug1s3t rate; and 4a§p egrgogygﬁg)r%de{dn%?d;?ri%g{ég%rgg?lh%ﬁ{ rg?r?c%hé%ﬁg gg‘rnglx 22| ayer.

124 AThesilicoimiaybiaé imeérdacial Adyer pebdid@irace andla phiseehbigeamatedb@en sgai d

2sem conduct or. substrate and said silicon carbide layer. 125. The nmenory of
cl aPm AhiqoRgaifalpysh i nsul at or over said conductive |ayer, 2said insulator
havi ng a pore defined therein, and said phase-change material and said
silicon 3carbide |ayer being forned in said pore. 126. The nenory of claim 23
whenei n sai Q®i | | ThOdedédbidaindyewheRiri@pbdectichic dd8cd R Oragd dékia. m 26
wher ei n said phase-change material includes 2chal cogenide. 128. The nenory of
claim 27 including a sidewall spacer between said phase- 2change materi al

andysaid siljcon garplde J)fadgl'fri 20 wherein said storage device is part of a computer.

1 22. . Thedevice of claim 21 including a processor, an interface and a bus coupled

2  tosaid storage.

1 23. 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 24.  The memory of claim 23 including a conductive layer between said

2 semiconductor substrate and said silicon carbide layer.

1 25.  The memory of claim 24 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 26.  The memory of claim 23 wherein said silicon carbide layer is doped.

1 27.  The memory of claim 26 wherein said phase-change material includes

2 chalcogenide.

1 28.  The memory of claim 27 including a sidewall spacer between said phase-

2 change material and said silicon carbide layer.



