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in that, when set in either a crystalline, semi-crystalline, amorphous, or semi-amorphous

state representing a resistance value, that value is retained until changed by another
programming event, as that value represents a-phase or physical state of the material (e.g.,

15  crystalline or amorphous). The state is unaffected by removing electrical power.

Brief Description of the Drawings
Figure 1 is an enlarged, cross-sectional view of one embodiment at an early stage

of manufacture;
Figure 2 is an enlarged, cross-sectional view corresponding to Figure 1 ata
20  subsequent stage of manufacture in accordance with one embodiment;
Figure 3 a cross-sectional view corresponding to Figure 2 at a subsequent stage of
manufacture in accordance with one embodiment;
Figure 4 a cross-sectional view at a subsequent stage of manufacture in accordance
with one embodiment;
25 Figure 5 is a cross-sectional view at a subsequent stage of manufacture in
accordance with one embodiment;
Figure 6 is a cross-sectional view at a subsequent stage of manufacture in
accordance with one embodiment; '
Figure 7 is a cross-sectional view of another embodiment at a stage corresponding

30 to the stage indicated by Figure 6;



Figure 7 is a cross-sectional view of another enbodi nent at a stage
corresponding 30 to the stage indicated by Figure 6; 1 WO 2007/053474

PCT/ US2006/ 042102 Figure 8 is an enlarged, cross-sectional view of another
enbodi ment of the present invention at a stage corresponding to the stage
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is a systemdepiction of one enbodi ment of the present invention. Detailed
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In some cases, overetching may occur, wherein the vias extend too far downwardly

15  andultimately overlap into and along side of the phase change memory material. Since a
phase change memory includes a chalcogenide material that is sensitive to certain
chemicals, adverse consequences may result either from the etching or from subsequent
clean steps. Namely, overetching into chalcogenide or other phase change memory layers
may occur because of the etching that extends too far downwardly,

20 Thus, advantageously, the column landing margin is increased so that, even if
overetching occurs, the overetching does not reach down to the region underlying the top
electrode, damaging more sensitive components thereunder. In accordance with one
embodiment of the present invention, column landing margin may be improved by
increasing the height of the top electrode. In another embodiment, column landing margin

25  may be improved by using a material as a hard mask over the top electrode that etches
substantially similarly to the material utilized to encapsulate the phase change memory
and through which the vias are formed.

Referring to Figure 1, in accordance with one embodiment of the present
invention, a substrate 10 may be overlaid by a row line conductor metal 12. The substrate

30 10 may be a semiconductor substrate or interlayer dielectric, as two examples. While the
metal 12 is referred to as a row line conductor metal, the terminology “row line” versus

“columm line” is essentially arbitrary. Thus, the metal 12 may be any conductive line.



25 may be inproved by using a material as a hard mask over the top

el ectrode that etches substantially simlarly to the material utilized to
encapsul ate the phase change nmenory and through which the vias are forned.
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15 forming a series of layers which are then etched using the same mask.

Each stack forms a memory cell 50. The cells 50 are then overcoated with an
encapsulation layer 26. In one embodiment, the encapsulation layer 26 may be formed of
nitride.

Then, referring to Figure 2, the encapsulation layer 26 may be subjected to an

20  anisotropic etch to form sidewall spacers. Namely, the horizontal portions are
substantially removed and all that remains is the vertical portions of the layer 26.

Referring to Figure 3, the cells 50 may be covered by an insulator 28. The
insulator 28 has pores 32 formed therein. The pore 32 and insulator 28’s upper surface are
then covered with a sacrificial light absorbing material (SLAM) 30. Finally, over the

25  sacrificial light absorbing material 30 may be defined a photoresist layer with patterned
photoresist portions 34 and inteﬁening openings 36.

In some embodiments, the openings 36 define the location of grooves which will
extend down through the insulator 28 to the cells 50. The openings 36 may be of
substantially the same width so that the resulting grooves have substantially the same

30  depth.
Referring to Figure 4, grooves 35 have been formed in the regions exposed to
" etching processes by the openings 36 between the photoresist portions 34. Note that the
width of each region 34 is substantially equal and that the depth of each groove 35 is
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an 20 anisotropic etch to formsidewall spacers. Nanely, the horizontal
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B i
15  adversely affect either the top electrode 22 or the protected chalcogenide layer 20,

The vertical arrows M indicate the effective column landing margin. In other
words, because of the presence of the sidewall spacers 26, the column landing margin is
extremely large. It does not matter if some overetching occurs because of the protection
afforded by the sidewall spacers 26. The presence of the sidewall spacers 26 is a result of

20 | the fact that the spacers 26 are made of a different material than the insulator 28 and the
material used for the hard mask 24.

In the same etch that forms the grooves 35 in the memory region, a via 38 is
formed in the periphery region. This via 38 is ultimately filled with metal to make a
contact down to the row line conductor metal 12. Some of the sacrificial light absorbing

25 material 30 remains in Figure 4 because the etching has stopped. However, the via 38
may be deeper than the grooves 35 because of the different width of the opening 38
compared to the openings 36 in the photoresist 34. Thus, the trench 38 has a first region
which is etched by virtue of the trench 38 provided in the resist 34 and a second region 39
which involves preferentially removing the sacrificial light absorbing material 30 relative

30 to the surrounding layer 28. In other words, the etchant is selective of the sacrificial light
absorbing material 30 relative to the layer 28.

As shown in Figure 5, continued etching removes the rest of the sacrificial light

absorbing material 30 and etches through the insulating layer 14 that may be formed of
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tends to be a high stress material and, therefore, is most advantageously applied in
felatively thin layers. However, such thin layers provide less colurin landing margin.
Since the column landing margin extends in a vertical direction, the shorter the electrode
22, the more likely it is that overetching would extend far enough downwardly to

20 ultimately damage the chalcogenide layer 20.

Thus, in some embodiments, a relatively thin top electrode 22 of a nitrided metal,
such as titanium nitride or titanium aluminum nitride, is utilized. As a result, good
adhesion to the chalcogenide layer 20 may be achieved without contamination problems.
Then, a different metal 22a may be added on top of the electrode 22 to provide additional

25  column landing margin. The additional metal 22a may be a lower stress film which can be
made significantly thicker. Examples of suitable materials for the metal 222 include
titanium, titanivm aluminum, aluminum, aluminum silicon, and aluminum silicon copper.
Otherwise, the process may be as described before. That is, the techniques described in
Figures 1-6 may be applied to Figure 7. However, in some embodiments, those techniques

30 may be unnecessary and the column landing margin supplied by the combined electrode
22, 22a height is sufficient fo overcome any problems due to overetching.

Referring to Figure 8, in accordance with still another embodiment, the hard mask

24 may include a nitride underlayer 44. Then, as shown in Figure 5, when the nitride layer



5 Finally, referring to Figure 6, the vias 35 and 38 may then be filled
with a conductive material 40, 42, such as copper. The conductive materi al
42 may extend dowmn to the row line conductor netal 12 and allows for row
signals to be supplied by overlying conductors (not shown). Simlarly,
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material, e.g., the resistance of the material may be altered by altering the phase of the
memory material. Memory material may also be referred to as a programmable resistive
material.

20 In the "reset" state, memory material may be in an amorphous or semi-amorphous
state and in the "set" state, memory material may be in an a crystalline or semi-crystailine
state. The resistance of memory material in the amorphous or semi-amorphous state may
be greater than the resistance of memory material in the crystalline or semi-crystalline
state. It is to be appreciated that the association of reset and set with amorphous and

25  crystalline states, respectively, is a convention and that at least an opposite convention
may be adopted.

Using electrical current, memory material may be heated to a relatively higher
temperature to amorphosize memory material and "reset" memory material (e.g., program
memory material to a logic "0" value). Heating the volume of memory material to a

30  relatively lower crystallization temperature may crystallize memory material and "set"
memory material {e.g., program memory material to a logic "1" value). Various
resistances of memory material may be achieved to store information by varying the

amount of current flow and duration through the volume of memory material.



24 may include a nitride underlayer 44. Then, as shown in Figure 5, when
the nitride layer 5 WD 2007/053474 PCT/ US2006/ 042102 14 is etched

t hrough, the top el ectrode 22 renmins protected by the overlying nitride

| ayer 44. Thus, the etch of layer 14 also renoves the nitride |ayer 44,
reducing the likelihood of significantly etching of the top el ectrode 24.
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el ectrical®s oAttt & shistrpepess menory nmaterial, e.g., the resistance of the
materijgl may beyabh &€ thab Ynclde 8 chitebleNS1 0D AR mBulut il B/O TRIRE Y20 R £hi al .
Menmory material “may al so"be referred to as a programmabl e resistive

mat eri al . kpgpadndipmay); statigapndost agpess meBRBr (PR LT G0ar meEYDHB 0 #9n anor phous

or sem - anprhleUserrast %@ccﬁﬂﬂg%@a?a}cﬂgth&sﬁﬁEbﬁstﬁo‘?,A PRIRS 3R0TRdyebd IRy be in

an a crystalline or sem-cry ine state. The resistance of nenory
mat eri al isame f@bedivepbolishod bewmtedthgibhwape ¢fithe prespayinvediogisifter t han t he

resist a”C‘%in‘ﬁiedrf@giﬂﬁé’dixﬁ%gﬁiﬁﬁegddn? of E’i‘?oﬁﬁé’s’é%% bMisOr sem -crystal [ine

state. It I's to be appreclat hat the assoCiation of reset and set with
amor piidus and ZBnireles 64 miay eorsprise ooy cxappseotd arehyre niigoproesssprs digish and t hat

at | east %&nglppqgcseissto?s, %8&8@0%%%}3, or the like. Memory 530 may be used to store

messages transmitted to or by system 500. Memory 530 may also optionally be used to

store instructions that are executed by controller 510 during the operation of system 500,
and may be used to store user data. Memory 530 may be provided by one or more
20  different types of memory. For example, memory 530 may comprise any type of random
access memory, a volatile memory, a non-volatile memory such as a flash memory and/or
a memory such as memory discussed herein.
/O device 520 may be used by a user to generate a message. System 500 may use
wireless interface 540 to transmit and receive messages to and from a wireless
25  communication network with a radio frequency (RF) signal. Examples of wireless
interface 540 may include an antenna or a wireless transceiver, although the scope of the
present invention is not limited in this respect.
References throughout this specification to “one embodiment” or “an embodiment”
mean that a particular feature, structure, or characteristic described in connection with the
30  embodiment is included in at least one implementation encompassed within the present
invention. Thus, appearances of the phrase “one embodiment” or “in an embodiment” are
not necessarily referring to the same embodiment. Furthermore, the particular features,

structures, or characteristics may be instituted in other suitable forms other than the



may be adopted. Using electrical current, nenory material may be heated to
a relatively higher tenperature to anorphosize nenory material and "reset"”
menory material (e.g., program nenory material to a logic "0" val ue).
Heating the volunme of nenory material to a 30 relatively | ower
crystallizafjon erature may crystallize nmenory nmaterl "set”
me?lmry mat e‘&%)g?m%’g’gg“., progr amymem%ry mat eri al toya Iogl{dg%f&g@%ﬁl e).
Various resistances of nenory material may be achieved to store

i nformati i 1 t hrough t he
vol ume of r%l}a;@%%dg%fﬁgpﬁusg%g%%}%%g?ﬁ@%% fbli %ié%f%@g?sgg%%%‘%&mr ning to
Fi gure 10, claimpof the gresertft applisgserem 500 i n accordance with an enbodi nent of

t he present inuentli i i égQﬂpF¥ i i ess
devi ces such a\s/‘?méftggp é&§°§?r§%%§§tl°§%g%?e§%§%ﬁ%. gllta 1<)';1ej§§tloslﬁts1 gﬂpd?ﬁgﬁﬁfa | apt op
or port abl enmdimantsethowd skiiledvn thelaesdll epgpediatt mompsrons medificadohednd a wi rel ess

t el ephane,_a. pager n_inst.ant in ice, a _digit : i c player,
2 i gi ol VaRERa TRy R B ITa AR apPhntsf AL S all P PR " o
recei ve i ndndrvasitionnasiiall eliashy truSypiritem s@pe nbthisheesssigaventiomany of the
follow ng systens: a wireless |ocal area network (WAN) system a wreless
personal area network (WPAN) system a cellular network, although the
scope of the present invention is not limted in this respect. 10 System
500 may include a controller 510, an input/output (1/0O device 520 (e.g. a
keypad, display), static random access nmenory (SRAM 560, a nenory 530, and
a wreless interface 540 coupled to each other via a bus 550. A battery
580 may be used in sonme enbodi ments. It should be noted that the scope of
the present invention is not limted to enbodi nents having any or all of

t hese conponents. 15 Controller 510 may conprise, for exanple, one or nore
m croprocessors, digital signal processors, mcrocontrollers, or the like.
Menory 530 nay be used to store nessages transmtted to or by system 500.
Menory 530 nmay al so optionally be used to store instructions that are
executed by controller 510 during the operation of system 500,



and may be used to store user data. Menory 530 may be provided by one or
nore 20 different types of nenory. For exanple, nenory 530 may conprise any
type of random access nenory, a volatile nmenory, a non-volatile nenory
such as a flash nmenory and/or a nmenory such as nmenory di scussed herein.
I/ O device 520 may be used by a user to generate a nessage. System 500 may
use wreless interface 540 to transmt and receive nessages to and froma
wirel ess 2%hatgsmiamisiasi on network with a radi o frequency (RF) signal.
Exanples of wireless interface 540 may include an antenna or a wireless
transcei ver, although the scope of the present inventionis not limted in
this respetct. Rehetlercempiikingughout this specification to "one enbodi nent"
or "an enbodinment”. nmean that, a particul ar, feature, structure, or

characteri stic 'GE8CF? gglc?g!,?n@g A BRI 4AES 30 enbodi ment is i ncl uded
in at |east onedvemhEERI¢RAISE@NEABNAARE chidvralit With BEidBW &S §abert Mdent i on.
Thus, appearances of the phrase "one_ enbodinent” or. "in an enbodi nent" are
not necessari | YOVl p3ihgidewall peacenrith enflb aratesial havipg pehsianislly, thesame

parti cul argfipalabic8sisticsak kMg hikEes, or characteristics may be instituted in
ot her suitable forns other than the 7 WD 2007/ 053474 PCT/ US2006/ 042102
particul ar enbodi nent illustrated and all such fornms may be enconpassed

within th cl af 'gﬂ[i il e. - j avention
has been g%scr?EgF %%?%Qfé@gﬁzﬁgﬁﬁﬁﬁfh%nl é%ﬂ%ﬁ¥%%#&€¥gﬁ%%%%%ﬁ%%ﬂ%@% t hose
skill ed i rsatreenagrtalwi | | appreci ate nunerous nodifications and 5 vari ations
therefrom It is intended that the appended clains cover all such

nodi fications and variations as fall within the true spirit and scope of

this present inMenhéthod offclMbal intladiak &btk dasd fill maferiabidiodidanmsirolf 8 ifing :
form ng a chal co ide material covered by a nask; . covering said
chal cogeni B¢ tagﬁ {}aqmla&aalgéiﬁwer@&aw pha ae@ingaéwe&?fra? éﬁgfe%? ;%'Oahaﬂld first

material.

4. The method of claim 3 including forming said fill material and said mask of

oxide.
5. The method of claim 4 including forming said sidewall spacer of nitride.

6. The method of claim 1 including forming said mask over a conductive electrode

and forming said conductive electrode over said chalcogenide material.

7. The method of claim 6 including forming a via through said fill material and

through said mask to said conductive electrode.

8. The method of claim 7 including forming a passivation layer over said mask, said
passivation layer being formed of a material different from the materials used as said fill

material and said mask.

9. The method of claim 7 including etching a via through said fill material, removing

said mask while leaving said sidewall spacer substantially unetched.



covering said sidewall spacer with a fill material having substantially the
sane etch characteristics as said mask. 2. The nethod of claim 1 including
forming said fill material and said mask of the sanme material. 3. The

met hod of claim2 including formng said fill material and said mask of a
first material and formng said sidewall spacer of a second nmateri al
different fromsaid first material. 4. The nethod of claim 3 including
form ng sal® fiThe methed bAtlamnd isdudingriskingfa nitidedeyer Sinddihmidiéle modersd ¢l ai m
4 includin dfform n .iai%s devvg spacer of nitride. 6. The nethod of claim
1 includin f%‘?rhfl%%l e WHERPBUSY a conductive el ectrode and forning said
conductive el ectrode over said chal cogenide material. 7. The nethod of
claim6 ingludin r a via through said fill material and through

sai d mask tho sa‘“gere’ﬁﬂ%‘fgﬁr%ucé‘f%&?‘? %'8. The method of claim7 including
formng a pa55|a/1§1{a|s@5hah$é/ﬁgtegy1er sai d mask said passivation |ayer being
formed of a material different fromthe materlals used as said fill

material and saf @agkeRe Sagiphlaﬁ%chﬁgwé?ﬂteﬂ?l claim 7 including etching a via
through said fi]f), Fgge%u @Je HBM& ng said mask while | eaving said sidewall
spacer substanti a linet ch 9 10. The method of claim7 including
formng a nitriwal mask@ndumdé"ﬂi matedelfhievieg mehistantially thesaing efchihagacsaisticsrask
with a nitride. 11. A sem conductor structure conprising: a phase change
mat eri al ; 2 mask over said phase change material; a fill material over

sai d mask; sai h sidskalicspekes an ehidl dakk amltsardu;ﬂﬂasehﬁvngwgn&uihﬁt antially the sane
etch char acteri stics; and

12, The structure of claim 11 where said mask and said fill material are made of the

same material,

13. The structure of claim 12 wherein said mask and said fill material are formed of
oxide.

14. The structure of claim 11 including a passivation layer over said mask.

15. The structure of claim 14 wherein said passivation layer is formed of a nitride.

16. The structure of claim 11 including an electrode between said mask and said

phase change material.

7. The structure of claim 16 wherein said electrode is formed of two layers of

distinct materials.

I8. The structure of claim 17 wherein one of said layers includes nitride and the other

of said layers does not include nitride.

19, The structure of claim 11 wherein said mask includes a layer of oxide and a layer

of nitride.

10



a sidewal | spacer on said mask and said phase change material. 12. The

structure of claim 11l where said mask and said fill material are nade of
the same material. 13. The structure of claim 12 wherein said nask and
said fill material are forned of oxide. 14. The structure of claim1ll

i ncluding a passivation | ayer over said mask. 15. The structure of claim 14
wherein said passivation layer is formed of a nitride. 16. The structure of
claim 11l idel udisgtrastue o elapd vhestaiperd saskdneladss admgr ebpxide pisasdavéhange
material . Kf:;dhe structure of claim 16 wherein said el ectrode is fornmed of
two | ayers o% distinct materials. 18. The structure of claim 17 wherein
one of said layers includes nitride and the other of said |ayers does not
include nitride. 19. The structure of claim1l |I wherein said mask incl udes
a layer of oxide and a |ayer of nitride. 10 20. The structure of claim19
wherein said mask includes a | ayer of oxide over a layer of nitride. 11
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