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CLAIMS

I/We claim:

1. A memory structure, comprising:

an access line extending along a first direction;

a first contact linc and a sccond contact line cxtending along a secondfircetion different
than the first direction, the first and second contact lines bgfng generally parallel
to each other;

a memory node including:

a first memory cell electrically connected betwegh the access line and the first
contact [ine to form a first circuit; and

a second memory cell electrically conneci€d between the access line and the
second contact line to form a secgnd circuit electrically independent from

the first circuit.

2. The memory structure of claimy/l wherein the first and second contact lines form

an oblique angle with the access line.

3. The memory structurg/of claim 1 wherein

the first and second directons form an oblique angle of about 63°; and

the memory node furth€r includcs:

a first rectifr having a first input terminal and a first output terminal;

a secondfectifier having a second input terminal and a second output terminal;

the fiySt input terminal of the first rectifier and the second input terminal of the
second rectifier being electrically connected to the access line;

he first and second memory cells including chalcogenide glass;

the first memory cell being clectrically connected to the first output terminal of
the first rectifier and the first contact line; and

the second memory cell is electrically connected to the second output terminal of

the second rectifier and the second contact line.
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4. The memory structure of claim 1 wherein:
the first and second directions form an oblique angle of about 63°; and

the first and second circuits are electrically isolated from each other.

5. The memory structure of claim 1 wherein
the first and second directions form an oblique angle; and
the memory node further includes:
a first rectifier having a first input terminal and a first outpuyferminal;
a second rectifier having a second input terminal and a s¢ond output terminal;
the first input terminal of the first rectifier and the g€cond input terminal of the
second rectifier are electrically connected t@'the access line; and
the first output terminal of the first rectifier ang/the second output terminal of the
second rectifier are electrically conngeted to the first and second memory

cells, respectively.

6. The memory structure of claim 1, fdrther comprising:
a first contact rectificr between the firsy/memory cell and the first contact line; and

a second contact rectifier between tht second memory cell and the second contact line.

7. The memory structurg/of claim 1 wherein
the first and second directjdns form an oblique angle;
the memory node furthgr includcs:
a first rectifi#r having a first input terminal and a first output terminal;
a second fectifier having a second input terminal and a second output terminal,
the figgt input terminal of the first rectifier and the second input terminal of the
second rectifier are electrically connected to the access line; and
¢ first output terminal of the first rectifier and the sccond output terminal of the
second rectifier are electrically connected to the first and second memory
cells, respectively; and
the memory structure, further comprising a first contact rectifier between the first
memory ccll and the first contact line; and

a second contact rectifier between the second memory cell and the second contact line.
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8. The memory structure of claim 1 wherein the first and second contact lines are

generally orthogonal relative to the access line.

9. The memory structure of claim 1 wherein:
the first and second contact lines are generally orthogonal relative to the acceg§ ling;
the memory node further includes:
a first rectifier having a first input terminal and a first output tegzhinal;
a second rectifier having a second input terminal and a segbnd output terminal;
and
the first input terminal of the first rectifier and the g#cond input terminal of the

second rectifier are electrically connected t@the access line.

10. A memory structure, comprising:

a plurality of access lines extending along a first direction;

a plurality of contact lines extending alongA second direction different from the first
direction, the individual contact ljdes and the individual access lines forming a
plurality of pairs of access and ghntact lincs;

a plurality of memory nodes electifally connected to the access and contact lines, the
individual memory nodey/including:

a first memory cell Zectrically connected between a first pair of access and

a second memqyy cell electrically connected between a second pair of access and
contplt lines, the first and second pairs of access and contact lines are

eléctrically isolated from each other.

11.  Th€ memory structure of claim 1¢ wherein the contact lines form an oblique

anglc with thedccess lines.

The memory structure of claim 10 wherein
the individual memory nodes further include:
a first rectifier having a first input terminal and a first output terminal;

a second rectifier having a second input terminal and a second output terminal;
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the first input terminal of the first rectifier and the second input terminal of the
second rectifier are electrically connected to the access line; and

the first output terminal of the first rectifier and the second output terminal gf the
second rectifier are electrically connected to the first and second memory

cells, respectively.

13. The memory structure of claim 10, further comprising:

a first contact rectifier between the first memory cell and the ind#idual contact lines;
and

a second contact rectifier between the second memory cell/and the individual contact

lines.

14.  The memory structure of claim 10 whepfin the contact lines are generally

orthogonal relative to the access lines.

15.  The memory structure of claim 10 #herein:

the contact lines are generally orthogophl relative to the access lings;

the contact lines include a first contgct line and a second contact line;

the access lines include a first agfess line and a second access [ine;

the memory nodes include a ff'st memory node and a second memory node;
the first memory node incjddes:

a first memory gell clectrically connected to the first contact linc;

a first rectiffer having a first input terminal electrically connected to the first
agess line and a first output terminal electrically connected to the first
memory cell, the first contact line, the first memory cell, the first rectifier,
and the first access line forming a first circuit;

second memory cell electrically connected to the second contact line; and

a second rectifier having a second input terminal electrically connected to the
first access line and a second output terminal electrically connected to the
second memory cell, the second contact line, the second memory cell, the
sccond rectificr, and the first access line forming a sccond circuit; and

the second memory node includes:
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a first memory cell electrically connected to the first contact line;

a first rectifier having a first input terminal electrically connected to the secofd
access line and a first output terminal ¢lectrically connected to thg/first
memory cell, the first contact line, the first memory cell, the first fectifier,
and the second access line forming a third circuit;

a sccond memory cell electrically connected to the sccond contact Mnc;

a second rectifier having a second input terminal electrically/connected to the
second access line and a second output terminal elegirically connected to
the second memory cell, the second contact line, /he second memory cell,
the second rectifier, and the second access ling/forming a fourth circuit;

the first, second, third, and fourth circuits arc clectrically jfolated from onc another.

16.  The memory structure of claim 10 wherein:

the contact lines are generally orthogonal relativg to the access lines;

the contact lines form a first pair of contagf lines and a second pair of contact lines
adjacent to the first pair of contactAines; and

the first and second pairs of contact lings are electrically isolated from each other.

17.  The memory structure ofClaim 10 wherein:

the contact lines are generally’orthogonal relative to the access lines;

the contact lines form a first pair of contact lines and a second pair of contact lines
adjacent to the Arst pair of contact lines;

the memory nodes/include a first memory node electrically connected to one of the

access lides and the first pair of contact lines, and a second memory node

the firgd and second memory nodes are electrically isolated from each other.

The memory structure of claim 10 wherein:
the contact lines are generally orthogonal relative to the access lines;
the contact lincs include first and second contact lines;

the access lines include first and second access lines;
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the memory nodes include a first memory node electrically connected to the first access
line and the first and second contact lines, and a second memory node electrica
connected to the second access line and the first and second contact lines; a

the first and second memory nodes are electrically isolated from each other.

19.  The memory structure of claim 10 wherein:
the contact lines are generally orthogonal relative to the access lines;
the contact lines include first and second contact lines;
the access lines include first and second access lines;
the memory nodes include a first memory node and a second emory node;
the first memory node includes:
a first memory cell electrically connected betyeen the first access line and the
first contact line forming a first circyd; and
a second memory cell electrically connegfed between the first access line and the
second contact line forming a gécond circuit;
the second memory node includes:
a first memory cell electrically £onnected between the second access line and the
first contact line formping a third circuit; and
a second memory cell elgCtrically connected between the second access line and
the second corfact line forming a fourth circuit; and

the first, second, third, ang/fourth circuits are electrically isolated from one another.

the accessAines includce first and sccond access lines;

the mephory nodes include a first memory node and a second memory node;

the Arst memory node includes:

a first memory cell and a first rectifier clectrically connected between the first
access line and the first contact line forming a first circuit; and

a second memory cell and a second rectifier electrically connected between the

first access line and the second contact line forming a second circuit;

-18-




WO 2011/059611 PCT/US2010/051900

the second memory node includes:
a first memory cell and a first rectifier electrically connected between the secopd
access line and the first contact line forming a third circuit; and
a second memory cell and a second rectifier electrically connected betyfeen the
second access line and the second contact line forming a fodrth circuit;
and

the first, second, third, and fourth circuits are electrically isolated fromdne another.

21. A memory structure, comprising;:

a diclectric having a first sidewall, a second sidewall, and ahird wall between the first
and second sidewalls;

a first memory cell on the first sidewall; -

a second memory cell on the second sidewall; and

a doped material on the third wall of the dielg€tric, the doped material having a first
portion, a second portion, and a thfrd portion between the first and second
portions, the first and second portfbdns including a first dopant, the third portion

including a second dopant diffeyent than the first dopant.

22.  The memory structure oflaim 21 wherein:

the dielectric has a generally foctangular shape;

the first and second memgfy cells include chalcogenide glass;

the first and second popfions of the doped material include an N-type material; and

the third portion of e doped material includes a P-type material,

23.  The pfemory structure of claim 21 wherein the first and second memory cells

include a layer of £halcogenide glass.

24, The memory structure of claim 21 wherein:
e dielectric is a first dielectric;
the first and second memory cells have an L shape; and
the memory structure further includes a second dielectric partially enclosed by the first

and second memory cells.
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25. A method for manufacturing a memory structure, comprising:

forming a first contact line and a second contact line in a substrate material, the first apd
second contact lines extending along a first direction;

electrically connecting a memory node to the first and second contact lines, the femory
node mcluding a first memory cell electrically connected to the first ontact line
and a sccond memory cell electrically connected to a second contagf line;

forming an access line in and/or on the substrate material, the accgfs line extending
along a second direction different from the first direction; a

electrically connecting the access line to the first and second gfemory cells, the access
line, the first memory cell, and the first contact ling/forming a first circuit, the
access line, the sccond ccll, and the sccond contagf line forming a sccond circuit

electrically isolated from the first eircuit.

26.  The method of claim 25 wherein:
forming a first contact line and a second contgft line includes:
depositing a conductive material opfo the substrate material;
removing a portion of the depogfted conductive material,
forming the first and secgnd contact lines with the remaining conductive
material; and
insulating the first ang’second contact lines with an insulation material;
electrically connecting a igemory node to the first and second contact lines includes:
depositing a firgf dielectric onto the first and second contact lines;
forming a pMirality of openings in the first dielectric, the openings exposing the
fiSt and second contact lines; and
deposHing a first conductive material in the openings, and thercby forming a
plurality of conductive contacts between the memory node and the first
and second contact lines; and
fording an access line in and/or on the substrate material includes:
depositing a second dielectric onto the conductive contacts and the memory node;
forming a trench in the second dielectric, the trench exposing at least a portion of
the memory node and extending along a second direction that is at an

oblique angle with the first direction; and
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depositing a second conductive material in the trench, and thereby forming the

access line.

27.  The method of claim 25 wherein:
forming a first contact line and a second contact line includes:
depositing a conductive material onto the substrate material;
removing a portion of the deposited conductive material;
forming the first and second contact lines with the rgfnaining conductive
material; and
insulating the first and second contact lines with an inghilation material; and
forming an access line in the substrate material includes:
depositing a dielectric onto the memory node;
forming a trench in the dielectric, the trengh exposing at least a portion of the
memory node and extending along’a second direction that is at an angle of
about 63° with the first directigh; and
depositing a conductive material jA the trench, and thereby forming the access

line,

28.  The method of claim 25 yfherein:

forming a first contact line agd a second contact line includes:
depositing a condyétive material onto the substrate material;
removing a poryfon of the deposited conductive material;
forming the Arst and second contact lines with the remaining conductive material,

first and second contact lines having a first width a therebetween; and

insulaping the first and second contact lines with an insulation material;

forming apaccess line in the substrate material includes:

epositing a dielectric onto the memory node;

forming a first trench and a second trench in the dielectric, the first and second

trenches having a second width b therebetween and extending along a

second direction forming an angle o according to the following formula:

a

o= arctan(éj ;and
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depositing a conductive material in the first and second trenches, and thereby

forming a first access line and a second access line.

29.  The method of claim 25 wherein:
forming a first contact line and a second contact line includes:
depositing a conductive material onto the substrate material;
removing a portion of the deposited conductive material;
forming the first and second contact lines with the r#maining conductive
material; and
insulating the first and second contact lines with an ingulation material; and
forming an access line in the substrate material includes:
depositing a dielectric onto the memory node;
forming a trench in the dielectric, the trengh exposing at least a portion of the
memory node and extending algfig a second direction that is generally
orthogonal to the first directiop; and
depositing a conductive material j the trench, and thereby forming the access

line.

30. A method for manufactupng a memory structure, comprising:

forming a column on a subgfrate material, the column having of a dielectric in direct
contact with the glibstrate material and a doped material on the dielectric, the
column having A first sidewall and a second sidewall;

depositing a memopy material on the column and the substrate material; and

selectively remo¥ing a portion of the memory material from the column and the substrate
mater#l such that a first portion of the memory material remains on the first
sigfwall and a second portion of the memory material remains on the sccond

idewall.

The method of claim 30 wherein forming a column on a substrate material

depositing the diclectric on the substratc;

depositing the doped material on the dielectric; and
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selectively removing a portion of the dielectric and the doped material to form the

column.

32.  The method of claim 30 wherein forming a column on a substrate
includes:

depositing the dielectric on the substrate;

depositing the doped material on the dielectric, the doped materia}/including a first
dopant;

selectively removing a portion of the dielectric and the dopgd matertal to form the
column; and

the method further includes selectively introducing a gécond dopant into the doped

material, the second dopant being different frory/the first dopant.

33.  The method of claim 30 wherein forgfing a column on a substrate material
includes:
depositing the dielectric on the substrate;
depositing the doped material on the dclectric, the doped material including an N-type
dopant;
selectively removing a portion/of the dielectric and the doped material to form the
column; and
the method further inclydes selectively introducing a P-type dopant into the doped

material and fofning a first P/N junction and a second P/N junction in the doped

material.

e column includes a third wall between the first and second sidewalls;
depositing a memory material includes depositing a memory material containing

chalcogenide glass onto the first and second sidewalls and the third wall; and
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selectively removing a portion of the memory material includes selectively removing a
portion of the memory material from the third wall of the column and
substrate material such that the first portion of the memory material remai#s on
the first sidewall and the second portion of the memory material remaipg on the

second sidewall.

36.  The method of claim 30 wherein:

the column includes a third wall between the first and second sidewAlls;

depositing a memory material includes depositing a mem matertal containing
chalcogenide glass onto the first and second sidewalls/And the third wall; and

selectively removing a portion of the memory materigt includes spacer etching the
memory material such that the first portion ofAhe memory material remains on
the first sidewall and the second portion of£he memory material remains on the

second sidewall.

37.  The method of claim 30 wherein:
the diclectric is a first diclectric; and
the method further includes:
depositing a second dielg€tric on the memory material; and
selectively removing/a portion of the memory material by spacer etching the
memory m#terial and the second dielectric such that a first portion of the
memory material and the second diclectric remains on the first sidewall
and # second portion of the memory material and the second dielectric

ains on the second sidewall.

38.  Thé method of claim 30 wherein:

the digietric is a first diclectric; and

the fhethod further includes:

depositing a second dielectric on the memory material;

selectively removing a portion of the memory material by spacer etching the
memory material and the sccond diclectric such that a first portion of the

memory material and the second dielectric remains on the first sidewall
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and a second portion of the memory material and the second dielectric
remains on the second sidewall; and

removing a portion of the column after removing a portion of the mefhory

material, and thereby forming a plurality of discrete nodes.




CLAIMS

I/We claim:

L. A memory structure, comprising:

an access line extending along a first direction;

a first contact line and a second contact line extending along a second direction different
than the first direction, the first and second contact lines being generally parallel
to each other;

a memory node including:

a first memory cell electrically connected between the access line and the first
contact line to form a first circuit;

a second memory cell electrically connected between the access line and the
second contact line to form a second circuit electrically independent from
the first circuit; and

a rectifier device between the access line and the first and second memory cells,

wheremn the first and second circuits include a common circuit path through at

least a portion of the rectifier device.

2. The memory structure of claim 1 wherein the first and second contact lines form

an oblique angle with the access line.

3. The memory structure of claim 1 wherein
the first and second directions form an oblique angle of about 63°; and
the rectifier device of the memory node further includes:
a first rectifier having an input terminal and a first output terminal,
a second rectifier having the input terminal and a second output terminal;
the input terminal of the first and second rectifiers being electrically connected to
the access line;
the first and second memory cells including chalcogenide glass;
the first memory cell being electrically connected to the first output terminal of

the first rectifier and the first contact line; and
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the second memory cell is electrically connected to the second output terminal of

the second rectifier and the second contact line.

4, The memory structure of claim 1 wherein:
the first and second directions form an oblique angle of about 63°; and

the first and second circuits are electrically isolated from each other.

5. The memory structure of claim 1 wherein
the first and second directions form an oblique angle; and
the rectifier device of the memory node further includes:
a first rectifier having an input terminal and a first output terminal;
a second rectifier having the input terminal and a second output terminal,
the input terminal of the first and second rectifiers is electrically connected to the
access line; and
the first output terminal of the first rectifier and the second output terminal of the
second rectifier are electrically connected to the first and second memory

cells, respectively.

6. The memory structure of claim 1 wherein
the first and second directions form an oblique angle;
the rectifier device of the memory node further includes:
a first rectifier having an input terminal and a first output terminal;
a second rectifier having the input terminal and a second output terminal;
the input terminal of the first and second rectifiers is electrically connected to the
access line; and
the first output terminal of the first rectifier and the second output terminal of the
second rectifier are electrically connected to the first and second memory
cells, respectively; and
the memory structure, further comprising a first contact rectifier between the first
memory cell and the first contact line; and

a second contact rectifier between the second memory cell and the second contact line.
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7. The memory structure of claim 1 wherein the first and second contact lines are

generally orthogonal relative to the access line.

8. The memory structure of claim 1 wherein:
the first and second contact lines are generally orthogonal relative to the access line;
the memeory node further includes:
a first rectifier having a first input terminal and a first output terminal;
a second rectifier having a second input terminal and a second output terminal;
and
the first input terminal of the first rectifier and the second input terminal of the

second rectifier are electrically connected to the access line.

9. The memory structure of claim 1 wherein the rectifier device includes two back-

to-back P/N junction devices.

10.  The memory structure of claim 1 wherein the rectifier device includes two back-

to-back N/P junction devices.

11. The memory structure of claim 1 wherein:

the first memory cell includes a first region of chalcogenide glass; and

the second memory cell includes a second region of chalcogenide glass,

wherein the first and second regions of chalcogenide glass are mechanically isolated from

one another.

12.  The memory structure of claim 1, further comprising:
a first contact rectifier between the first memory cell and the first contact line; and

a second contact rectifier between the second memory cell and the second contact line.
13.  The memory structure of claim 12 wherein:

the first contact rectifier comprises a first P/N diode; and

the second contact rectifier comprises a second P/N diode.
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14. The memory structure of claim 12 wherein:
the first contact rectifier is buried beneath at least a portion of the first contact line; and

the second contact rectifier is buried beneath at least a portion of the second contact line.

15. A memory structure, comprising:

a plurality of access lines extending along a first direction;

a plurality of contact lines extending along a second direction different from the first
direction, the individual contact lines and the individual access lines forming a
plurality of pairs of access and contact lines;

a plurality of memory nodes electrically connected to the access and contact lines, the
individual memory nodes including:

a rectifier device including a first junction device and second junction device,
wherein the first junction device includes a first doping region arranged
with a second doping region to define a first junction, and wherein the
second junction device includes a third doping region arranged with the
second doping region to define a second junction;

a first memory cell electrically connected between a first pair of access and
contact lines with the rectifier device between the first pair of access lines
and the first memory cell; and

a second memory cell electrically connected between a second pair of access and
contact lines with the rectifier device between the second pair of access
lines and the second memory cell, the first and second pairs of access and
contact lines are electrically isolated from each other, wherein the first and
second memory cells are connected to the rectifier device, the same access

line and adjacent contact lines.

16.  The memory structure of claim 15 wherein the contact lines form an oblique

angle with the access lines.

17. The memory structure of claim 15 wherein
the rectifier device of the individual memory nodes further include:

a first rectifier having an input terminal and a first output terminal;
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a second rectifier having the input terminal and a second output terminal;

the input terminal of the first and second rectifiers is electrically connected to the
access line; and

the first output terminal of the first rectifier and the second cutput terminal of the
second rectifier are electrically connected to the first and second memory

cells, respectively.

18. The memory structure of claim 15, further comprising:
a first contact rectifier between the first memory cell and the individual contact lines; and
a second contact rectifier between the second memory cell and the individual contact

lines.

19.  The memory structure of claim 15 wherein the contact lines are generally

orthogonal relative to the access lines.

20. A memory structure, comprising;

a plurality of access lines extending along a first direction;

a plurality of contact lines extending along a second direction that is non-orthogonal to
the first direction such that the contact lines are canted relative to the access lines,
the individual contact lines and the individual access lines forming a plurality of
pairs of access and contact lines;

a plurality of memory nodes electrically connected to the access and contact lines, the
individual memory nodes including;
two back-to-back junction devices that share a common doping region;

a first memory cell electrically connected between a first access line and a first
contact line with the common doping region of the two back-to-back
junction devices between the first access line and the first memory cell;
and

a second memory cell electrically connected between the first access line and a
second contact line with the common doping region of the two back-to-
back junction devices between the first access line and the second memory

cell .
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21.  The memory structure of claim 20 wherein the contact lines form an angle of

about 63° with the access lines.

22.  The memory structure of claim 20 wherein the back-to-back junction devices

form:

a first rectifier having an input terminal and a first output terminal;

a second rectifier having the input terminal and a second output terminal;

the input terminal of the first and second rectifiers is electrically connected to the
first access line; and

the first output terminal of the first rectifier and the second output terminal of the
second rectifier are electrically connected to the first and second memory

cells, respectively.

23. The memory structure of claim 20, further comprising:
a first contact rectifier between the first memory cell and the individual contact lines; and

a second contact rectifier between the second memory cell and the individual contact

lines.

24, The memory structure of claim 20 wherein at least one of the first and second

memory cells includes chalcogenide glass.
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