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CLAIMS
The invention claimed is:
1. A method of forming a switch, comprising:

forming a bottom electrode over a base;

forming a first electrically conductive structure directly over the bottom

forming dielectric material along a sidewall of the first electrically
conductive styucture, the first electrically conductive structure and the dielectric material
together coverinyg a first portion of the bottom electrode and leaving a second portion of
the bottom electrode exposed;

forminy a graphene structure electrically coupled with the exposed
portion of the bottom elextrode, along the dielectric material and laterally spaced from
the first electrically conduchyve structure by the dielectric material;

forming a secon] electricaily conductive structure on an opposing side of
the graphene structure from the fixst electrically conductive structure, the second
electrically conductive structure being directly over the bottom electrode;

forming a top electrode ®ver the graphene structure; the bottom electrode
being electrically coupled with one of thejrst and second electrically conductive
structures, the top electrode being elcetricall\coupled with the other of the first and
second electrically conductive structures; and

wherein the first and second electrically conductive structures are

configured to provide an electric field across the grapkene structure.

2. The method of claim 1 wherein the switch 1§ formed in an opening over
the bottom clectrode, and wherein the switch is the only switsh formed in the opening

over the bottom electrode.

3, The method of claim 1 wherein the switch is one of a‘pair of switches that

are formed in a common opening over a pair of bottom electrodes.

4, The method of claim 1 wherein the switch is one of a plurality of switches

that are formed in a common opening over a plurality of bottom electrodes.
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5. The method of claim 1 wherein the forming of the graphene structure
comprises:
forming seed material along the dielectric material; and
epitaxially growing graphene along the seed material.
6. A method of forming a switch, comprising:

forming first and second electrically conductive structures over a bottom
electrode aud laterally spaced from one another; the first electrically conductive structure
directly contagting the bottom electrode, and the second electrically conductive structure
not directly contacting the bottom electrode;

forhing a dielectric liner along a sidewall of onc of the first and second
electrically conductivg structures, a portion of the bottom electrode being exposed after
formation of the dielectric liner;

forming a ghaphene structure along the dielectric liner, the graphene
structure being electrically cotpled with the bottom electrode;

forming a top eledirode over the graphene structure and the first and
second electrically conductive structures; the top electrode being electrically coupled
with the graphene structure, directly chptacting the second electrically conductive
structure, and not directly contacting the Yjrst electrically conductive structure; and

wherein the first and second ¥lectrically conductive structures are

configured to provide an electric field across the graphene structure.

7. The method of ¢laim 6 wherein the ¥irst and second electrically

conductive structures are formed simultaneously.

8. The method of claim 6 wherein the first an second electrically

conductive structures are formed sequentially relative to oneqnother.

9. The method of claim 6 wherein an opening remaing over the bottom
electrode after forming the graphene structure; the opening being om\an opposing side of
the graphene structure from the dielectric liner, the method further comyrising filling the

opening with dielectric material prior to forming the top electrode.
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10,  The method of claim 6 wherein the dielectric liner comprises a second
dielectric material, and further comprising:
forming a first dielectric material over the bottom electrode;
forming an opening extending through the first dielectric material to the
5  bottdm electrode, the opening having a pair of sidewalls along a cross-section;

forming a dielectric spacer along a bottom region of one of the sidewalls;

forming electrically conductive liners along the sidewalls of the opening,
one of the liners\yeing the first electrically conductive structure and the other of the
10  liners being the secypd electrically conductive structure; the second electrically

conductive structure bying spaced from the bottom electrode by the dielectric spacer.

11. The method\of claim 10 wherein the forming of the electrically

conductive liners comprises:

deposition of eleckically conductive material along the sidewalls of the

15  opening and across a bottom of the dpening; and

anistropically etching the electrically conductive material,

12.  The method of claim 10 whexein the dielectric spacer is a first dielectric
spacer, and further comprising replacing a top'portion of said one of the electrically

conductive liners with a second dielectric spacer yior to forming the top electrode.
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13. A method of forming switches, comprising:

forming a pair of spaced apart bottom electrodes over a base;

forming a first dielectric matenial over the bottom electrodes;

forming an opening extending through the first dielectric material to the
bottom electrodes;

forming a pair of upwardly-extending electrically conductive structures
along sidgwalls of the opening, one of the upwardly-extending electrically conductive
structures byjng directly against one of the bottom clectrodes and the other of the
upwardly-extehding electrically conductive structures being directly against the other of
the bottom electrodes;

forming second dielectric material along sidewalls of the upwardly-
extending electrically cgnductive structures, portions of the bottom electrodes being
exposed after formation of\the second dielectric material;

forming a painof graphene structures extending upwardly from the
exposed portions of the bottom alectrodes; a first of the graphene structures being
electrically coupled with, and direct]ly over, one of the bottom electrodes; a second of the
graphene structures being electrically oupled with, and directly over, the other of the
bottom electrodes;

forming third dielectric mateyjal along sidewalls of the graphene
structures;

forming a pair of downwardly-extending electrically conductive structures
along the third dielectric material;

forming fourth dielectric material betwedp the downwardly-extending
electrically conductive structures; and

forming a pair of top electrodes over the grapiene structures and the
downwardly-extending electrically conductive structures; one olthe top electrodes being
electrically coupled with the first graphene structure and with one &f the downwardly-
extending electrically conductive structures, and the other of the top elgctrodes being
electrically coupled with the second graphene structure and with the othex of the

downwardly-extending electrically conductive structures.
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14.  The method of claim 13 wherein the forming of the upwardly-cxtending
electrically conductive structures comprises:
deposition of electrically conductive material along the sidewalls of the
opening and across a bottom of the opening;
anistropically etching the electrically conductive material, and
recessing the electrically conductive material relative to a top of the
opening sy that upper surfaces of the upwardly-extending electrically conductive

structures ard\below the top of the opening.

15.  The method of claim 14 wherein the forming of the second dielectric

material comprises:
of the second dielectric material along and over the upwardly-
extending electrically conductive structures, and across a bottom of the opening; and
anistropically gtching the second dielectric material to form dielectric
liners along sidewalls of the upwardly-extending electrically conductive structures, and

to form dielectric spacers over the tpwardly-extending elecirically conductive structures.

16.  The method of claim 15 Wherein the top electrodes are formed directly on

the dielectric spacers.

17.  The method of claim 15 whereim\the forming of the graphene structures

comprises:
deposition of seed material along sidewalls of the dielectric liners and

dielectric spacers; and

growing the graphene.

19.  The method of claim 17 wherein the graphene grows over
dielectric spacers, and further comprising anisotropically etching the grapheng to remove

the graphene from over the tops of the dielectric spacers.
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20.  The method of claim 13 wherein regions of the bottom electrodes are
exposed after forming the graphene structures, wherein the third dielectric material
covers such exposed regions, and wherein bottoms of the downwardly-extending
elsctrically conductive structures are spaced from the bottom electrodes by the third

dielesiric material.
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CLAIMS
Claim 1: A method of forming a switch, comprising:
farming a bottom electrode over a base;
forming a first electrically conductive structure directly overthe bottom
electrode;

forming dielectric material along a sidewal! of the first electrically
conductive structure, the first electrically conductive structure and the dielectric
material together covering a first portion of the bottom electrode and leaving a
second portion of the boftom electrode exposed;

forming a graphene structure electrically coupled with the exposed
portion of the botfom electrode, along the dielectric material and laterally spaced
from the first electrically conductive struciure by the diglectric material;

forming a second electrically conductive structure on an opposing side
of the graphene structure from the first elecirically conductive structure, the second
electrically conductive structure being direcily over the bottom electrode:

forming a top electrode over the graphene structure; the bottom
electrode being electrically coupled with one of the first and second electrically
conductive structures, the top electrodebeing electrically coupled with the other of
the first and second electrically conductive structures; and

wherein the first and second electrically conductive structures are
configured to provide an electric field across the graphene structure.

Claim 2: The method of claim 1 wherein the switch is formed In an
opening over the bottom electrode, and whersin the switch is the only switch formed
in the opening over the bottom slecirode.

Claim 3: The method of claim 1 wherein the switch is one of a pair of
switches that are formed in a common opening over a pair of bottom electrodes.

Claim4:  The method of claim 1 wherein the switch is one of a plurality of
switches that are formed in a common opening over a plurality of bottom electrodes.
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Claim: A method of forming a switch, comprisig:

forming first and second electically conductive sirusiures over a
bottom &lecirode and laterally spaced from one another; the first lectrically
conductive struchure directly contacting the bottom electrods, and the second
electrically conductive siructure not directly contacing the botiom slectrode:

forming & dielectric. liner- -along a sidswall ofone of the first and second
electrically conductive structures, a portion of the bottom elecfrode being exposed
efter formation of the dielectric linar; ’

forming a graphene structure along the dielectric liner, the graphene
structure being electrically coupled with the bottom electrode:

forming a top electrode over the graphene structure and the first and
second electrically conductive structures; the op electrods being electrically
coupled with the graphene structure, directly contacting the second elactrically
conductive structure, and not directly contacting the first electrically conductive
structure; and

wherein the first and second electrically conducive structures are
configured to provide an electric field across the graphene structure,

Claim6:  The method of claim 5 wherein the first and second electricaly
conductive structures are formed simultaneously.

Claim 7 The method of claim 5 wherein the first and second elecrically
conductive structures are formed sequentially relative to one another.,
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Claim 8: A method of forming switches, comprising:

forming a pair of spaced apart bottom electrodes over a base;

forming a first dielectric material over the bottom electrodes;

forming an opening extending through the first dielectric material lo
the bottom electrodes;

forming a pair of upwardly-extending electrically conductive structures
along sidewalls of the opening, one of the upwardly-extending electrically
conductive structures being directly against one of the boftom eleclrodes and the
other of the upwardly-extending electrically conductive structures being directly
against the other of the bottom electrodes;

forming second dielectric material along sidewalls of the upwardly-
extending electrically conductive structures, portions of the bottom electrodas being
exposed after formation of the second dielectric material;

forming a pair of graphene structures extending upwardly from the
exposed portions of the bottom electrodes;a first of the graphene structures being
electrically coupled with, and directly over, one of the bottom eleclrodes;a second of
the graphene structures being electrically coupled with, and directly over, the other
of the bottom electrodes;

forming third dielectric material along sidewalls of the graphene
structures;

forming a pair of downwardly-extending electrically conductive
structures along the third dielectric material;

forming fourth dielectric material between thedownwardly-extending
electrically conductive structures; and

forming a pair of top electrodes over the graphene structures and the
downwardly-extending electrically conductive structures; one of the lop electrodes
being electrically coupled withthe first graphene structure and with one of the
downwardly-extending electrically conductive structures, and the other of the top
electrodes being electrically coupled with the second graphene structure and with
the other of the downwardly-extending electrically conductive structures.

Claim 9: The method of claim 8 wherein the forming of the upwardiy-

extending electrically conductive structures comprises:

deposition of electrically conductive material along the sidewalls of the
opening and across a bottom of the opening;

anisotfropically etching the electrically conductive material; and

recessing the electrically conductive material relafive to a top of the
opening so that upper surfaces of the upwardly-extending electrically conductive
structures are below the top of the opening.
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Claim10:  The method of claim 8 wherein the forming of the second

dieleclric material comprises:

deposition of the second dielectric material along and over the
upwardly-extending electrically conductive structures, and across a bottom of the
opening; and

anisotropically etching the second dielectric material to form dielectric
liners along sidewalls of the upwardly-exiending electrically conductive structures,
and to form dielectric spacers over the upwardly-extending electrically conductive
structures.

Claim 14:  The method of claim 10 wherein the top electrodes are formed
directly on the dielectric spacers.

Claim 12:  The method of claim 10 wherein the forming of the graphene
structures comprises:
deposition of seed material along sidewalls of the dielectric liners and
dielectric spacers; and
epitaxial growth of graphene along the seed material.

Claim 13:  The method of claim 12 further comprising anisotropically
etching the seed material to remove the seed material from over tops of the
dielectric spacers prior to growing the graphene,

Claim 14 The method of claim 12 wherein the graphene grows over tops
of the dielectric spacers, and further camprising anisotropically efching the
graphene 1o remove the graphene from over the tops of the dielectric spacers.




