WO 03/021692 PCT/ US02/ 26374 -1 Multiple Layer Phase-Change Menory
Background This invention relates generally to nenories that use
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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



t hrough resistive heating or to read the programmed state of the cell.
Current phase-change nenories rely on the poor thermal conductivity of the
chal cogerwoa3phmse- change nenory material itself to therneCoyusongairat e t he
programuabl e volune fromheat | oss to the upper el ectrode. Consequently,
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Fi gur gerforirenéd) enl arged, cross-sectional view of one enbodi nent of the
present invention; 10 Figure 2 is an enlarged, cross-sectional view of an

initial

stage of manufacturing of

t he device shown in Figure 1 in

accor ¢ga L odi nent of the present invention; Figure 3 is an
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present invention; Figure 4 is an enlarged, cross-sectional view of the
enbodHEREOShown in Figure 3 at 15 still a later stage of manufacturing in
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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 5 is an enlarged, cross-sectional 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 n
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



20 a | ater stage of manufacturing in accordance with one enbodi nment of the
present invention. Detailed Description Referring to Figure 1, a

phase- chawge3newpry 10 may be forned on an integrated ci PCHIUSOY2A33L rat e
12. The phase-change nenory 10 may include a |ower electrode 14 that in 25
one enbodi nent nmay be made of cobaltgsilicide. An upper el ectrode 28

sandwi ches a | ower, progranmabl e phase-change | ayer 22 and an upper
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enmbodigsaning in Tbap-tikiped passs-chingeleydri22stA gidlseshae idthengéore dy@nedXor thgybe i n
the range of 300 to 500 Angstrons. The thickpess of this | may be
chos ehaigisr ey 4 3nddhe %Vefrgé‘ggl%t}ats?'(?%’l‘n_gﬁ ﬁ‘ﬁ@ﬁggoﬁ" B eI, %gnﬁéﬁsevol ume. The
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the sidewal I” spacer 20, “resulting I'n a (_:u%-shaped phase- change | ayer 22. A
sinilar shdpebasict heeroprovides i akeinitalrbattias betyegenitles undgilyingo4 and t he

overlyin hase- change | ayer 26. .l Ny gask. 10 change
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' 78 | atpirc?gr}arlmrrllinsgo%ent 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/em.K and good electrical conductivity, for example, greater than 40 Q™ 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



enbodi ments. The barrier |ayer 24 may have adequate el ectrical conductivity
so that the 15 programm ng current passing through the progranmabl e

phase- chawge3oanser 22 can flow laterally around any resi #CiDusSoragron of
the thermal isol ation phase-change |ayer 26 and nay contact to the
conductive regions of this layer disfgant fromthe programm ng region.

Typi cal thickness of the barrier layer 24 may be in the range of 50 to 200
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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. Tt is intended that the appended claims cover all such modifications and variations

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



deposited. Because of the inposition of the sidewall spacer 20, each of the
| ayers 22, 24, 26 and 28, to sone degree, may be defined in a cup-shaped
conf i gur awpD®n/0216be structure shown in Figure 6 may then PeTasby/asred to
patterning and etching to result in the structure shown in 10 Figure 1 in
sonme enbodi nents. Through the use of snultiple chal cogenide |ayers, the
menory cell 10 benefits from the enhanced thermal isolation. At the sane
time, the e of terlal t hat undergoes a phase-change during
progranninéﬁﬁﬁ %tlvely limted. In other words, the insulating
effect of the conblned | ayers 22 and 26 may reduce heat | oss fromthe
menory 10, 15 inproving progranm ng performance. At the sane tine, it is
not necesséry t@d§ﬂ39¢§W$Pﬂ@nglnsulatlng | ayer 26, reducing the vol une of

erial that | rﬂﬂll‘l ng progranm ng. This may
i”ﬁ%r ove reliabi ?ﬁnﬁfé‘gﬁg%ﬁ’a[y:e{?fi’gﬁ%@ %@ggﬁ?e ‘of the nmenmory 10 in sone
enbodi nent s. V%iférﬁllﬁglenm-phmtchamgeemauenai dvassahxbﬁrst l:be'sr;randed vm th respect to

a limted nunmber, of 20 e dlrrets se sklll in @ h 11
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th?t rfxa@pended clainms cover all such nodifications and variations as
fi'h the true spirit and scope of this present invention. WO

03/ 021692 PCT/ U802/26374 -5 What is claimed is: 1 1. A nethod conpri sing:
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| ayer ¢&fc daplipse- change naterial over said non phase- change S material. 1
2. The nethod of claim1l1 including form ng the first and second | ayers of
the 2 same material. 1 3. The nethod of claim11 including form ng the

i | st and %?Conq“hle Werlsa cﬁf claim 1 including forming the first and second layers of

2 different materials.

1 4. The method of claim 1 including forming a conductive non-phase-change

2 material.

1 5. The method of claim 1 including forming a pore over a substrate.
1 6. The method of claim 5 including forming a sidewall spacer on said pore.
1 7. The method of claim 6 including forming said first and second layers and said

2 non-phase-change material over said sidewall spacer.

1 8. The method of claim 7 including forming a contact over said substrate and

2 forming said sidewall spacer on said contact.

1 9. The method of claim 8 including contacting said contact with said first layer.
1 10. A memory cell comprising:
2 a first layer of a phase-change material;

3 a second layer of a phase-change material; and



2 different materials. 1 4. The nethod of claim1 including formng a
conductive non-phase-change 2 material. 1 5. The nethod of claim1l

i ncl udi ngwbasnerwge a pore over a substrate. 1 6. The net hoaCofusot/zizm 5
including formng a sidewall spacer on said pore. 1 7. The method of claim
6 including formng said first and sgcond |ayers and said 2

non- phase-change materi al over said sidewall spacer. 1 8 The nethod of
clgim7 includi QF [N : ' : .m ng said
ci fleve 1 spacer “sh Ly haRe s AR p Bl S e SR g

coft aphaseehangemeateritlaompléttly ssperatirfg sait fitstlager. frord sdi0 seconddaysry cel |
conprising: 2 a first layer of a phase-change naterial; 3 a second | ayer of
a phase-change material; and WO 03/ 021692 PCT/ US02/ 26374 -6 4 a

nop- phase- q@?”gqh%EIFBfﬁbin??@%@féix?ﬁicﬂﬁfs!t[a%rér 186 BRh g ARérfal isSai d_non- 5
phase-change material conpletely separating said first l'ayer fromsaid
sezondddayén chdlcddenidemeateredll of claim 10 wherein said first layer of a
phase-change material is 2 made of a chal cogenide nmaterial. 1 12. The cell
of claim 10 wherein said first and second | ayers are different phase- 2

change nat @pi al Sthekell 8f cldie 16 Yhkredi sdid aisiddseobed Riyerssad diffetensphaed second
| ayers of phase-change 2 material are the sane material. 1 14. The cell of

cl ai mchangsireateiigis.sai d non- phase-change material is a conductor. 1 15. The
cell of claim 10 including a sem conductor substrate and an electrical 2
contact formed in said substrate. 1 16. The cell of claim 15 including an
i nsul ati ng 1BayerTheeereflclomne 0 Shietkis sHdd firsated second layers of phase-change

2 material are the same material.
1 14.  The cell of claim 10 wherein said non-phase-change material is a conductor.

1 15.  The cell of claim 10 including a semiconductor substrate and an electrical

2  contact formed in said substrate.

1 16.  The cell of claim 15 including an insulating layer formed over said substrate,

2 and apassage formed through said insulating layer.

1 17. The cell of claim 16 wherein said first and second layers are formed at least in

2  partin said passage.

1 18.  The cell of claim 17 including a sidewall spacer formed in said passage over

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

1 20.  The cell of claim 10 wherein said second layer of phase-change material is

2 configured to provide thermal isolation.



2 and a passage fornmed through said insulating layer. 1 17. The cell of
claim 16 wherein said first and second |layers are forned at least in 2
part in sapd3pawsnge. 1 18. The cell of claim 17 incl udi ng@Ca/ssozzosad |

spacer forned in said passage over 2 said contact. 1 19. The cell of claim
10 wherein said first and second | ay€fs are cup-shaped. 1 20. The cell of
claim 10 wherein said second | ayer of phase-change material is 2
configured 410 prg\fhéjﬁorg,bg[ sahpll@@é ation. WO 03/021692 PCT/ US02/ 26374 -7- 1
21. A nenory cell conpri si first layer of a phase-change material;
and 3 a second |@ﬁ@th@ﬁ%ﬁéggasédnﬁ@ng@ﬁmmmemﬂal only one of said first and

segond 4 |ayers a in ra The
cefsl of claim21* ?"*ﬁ%‘?‘{]%?%g@ r]?%%e cf) Hn Leé’ﬁgé’nﬁ%?%én 5?1 ft\/@gﬁe%oé’lﬁd first
2 and lsm@ﬁﬂpﬁaayeh&gemaz&alBbmg@edgramfnableal m 21 wherein the first layer of

phase-change material is 2 programmbl e and the second | ayer of
phase-change material acts as an insulator for said first 3 |ayer of

phgse-changs mat-erd aiiorliapd2 1-Eﬁ'(ﬁu&1ﬁ ) nB%-é)%(%fei— % %&e%%eﬁ%@ef%ﬁ&jﬁltsr rst

| ayer of phase-change nateri al cogeni erira 1 25.
Thé& cednd sedondllayars.21 wherein sald first and second Iayers are different
phase- 2 change materials. 1 26. The cell of claim2l1 wherein said first
and second |ayers of phase-change 2 material are the same material. 1 27.

The cel | ofyxcl ai MRnWrelagh1SaictiN A MRARS emgﬁ&%-dﬁ%%ﬁnaimaﬁsa conduct or.
1 28. The cell of claim?21 including a seniconductor substrate and an
el éct mireglammable and the second layer of phase-change material acts as an insulator for said first

3 layer of phase-change material.

1 24. The cell of claim of 21 wherein said first layer of phase-change material is

2 made of a chalcogenide material.

1 25. The cell of claim 21 wherein said first and second layers are different phase-

2 change materials.

26. The cell of claim 21 wherein said first and second layers of phase-change

2 material are the same material.
1 27.  The cell of claim 22 wherein said non-phase-change material is a conductor.

1 28. The cell of claim 21 including a semiconductor substrate and an electrical

2 contact formed in said substrate.

29.  The cell of claim 28 including an insulating layer formed over said substrate,

2 and a passage formed through said insulating layer.

1 30. The cell of claim 29 wherein said first and second layers are formed at least in

2  part in said passage.



2 contact fornmed in said substrate. 1 29. The cell of claim 28 including an
insul ating |ayer fornmed over said substrate, 2 and a passage forned

t hrough swipd3jeset ati ng | ayer. 1 30. The cell of clai m 29Ppairarser/zs3z4ai d
first and second | ayers are forned at least in 2 part in said passage. WO
03/ 021692 PCT/ US02/ 26374 -8- 1 31. ARaenory cell conprising: 2 a first

| ayer of a phase-change nmaterial; 3 a second | ayer of a phase-change

matier i al  di{f er eAtmdm@ctidgompasg.change 4 material of said first [ayer;
and 5 a non-phase-change nateri al between said first and second | ayers. 1
322 The cel | of efirst layedof awhesethangainthteriali- phase- change material is an

elgctrical 2 conductor. 1 .33, The cell of.claim erein said second
Ia?/’er of phase- c%%"f%a%ﬂ%?re?%aﬁhaf%&aé‘g%8???‘?%3?1@%@%%"8% © §82%%R j

i sal atmasriallof34id MsiTeydesshdcel | conprising: 2 a first layer of a
phase-change material; 3 a second_ | ayer of ,afphase-changfe material; and 4 a
corduct i ve non- phBgEPkasersprngeanatenial betveensaid fegiagd seqond 1ayees- second | ayers.
1 35. The cell of claim34 wherein said first and second | ayers are

di fferent phase- 2 change materials. 1 36. The cell of claim 34 wherein
saild first 3hd sEeocell dfelsiing lawherein daien@apiase-2hamge efidtatal is an electrical

2 conductor.

1 33. The cell of claim 31, wherein said second layer of phase-change material is

2 configured to provide thermal isolation.

1 34, A memory cell comprising:

2 a first layer of a phase-change material;

3 a second layer of a phase-change material; and

4 a conductive non-phase-change material between said first and second layers.
1 35. The cell of claim 34 wherein said first and second layers are different phase-

2 change materials.

1 36. The cell of claim 34 wherein said first and second layers are of the same

2 material.



