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Claims
Claim 1. A method of forming an out-of-plane electrode comprising;:
providing an oxide layer above an upper surface of a device layer;
providing a first cap layer portion above an upper surface of the oxide layer;
etching a first electrode perimeter defining trench extending through
layer portion and stopping at the oxide layer;
depositing a first material portion within the first electrode pgrimeter defining
trench,;
depositing a second cap layer portion above the depodited first material portion;
vapor releasing a portion of the oxide layer;
depositing a third cap layer portion above thg'second cap layer portion;
etching a second electrode perimeter defining trench extending through the
second cap layer portion and the third cap lg§er portion; and
depositing a second material portion within the second electrode perimeter

defining trench, such that a spacer igcluding the first material portion and the second

material portion define a perimgfer of an out-of-plane electrode.

Claim 2. The metffod of claim 1, further comprising:

etching an ¢tch stop perimeter defining trench extending through the first cap

of thie oxide layer to a boundary defined by the third material portion.
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Claim 3. The method of claim 2, further comprising:

depositing an etch stop layer portion on the deposited first material portion,
wherein etching a second electrode perimeter defining trench comprises:

etching a second electrode perimeter defining trench extending throygh the

second cap layer portion and to the etch stop layer.

Claim 4. The method of claim 1, wherein the first cap layer portion, the second cap
layer portion, and the third cap layer portion are deposited by an epitaxial deposition

Proccess.

Claim 5. The method of claim 1, wherein fhe first material portion and the second

material portion comprise silicon nitride.

Claim 6. The method of clainy/l, further comprising:

depositing an etch stop ldyer portion on the deposited first material portion,
wherein etching a second e}éctrode perimeter defining trench comprises:

etching a secong/electrode perimeter defining trench extending through the

second cap layer portion and to the etch stop layer.

Claim 7. The method of claim 1, further comprising;

tching vent holes through the first cap layer and the second cap layer, wherein

r releasing a portion of the oxide layer comprises:
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vapor releasing a portion of the oxide layer through the vent holes.

Embodiment 8. A device with an out-of-plane electrode comprising:

a device layer positioned above a handle layer;

a cap layer having a first cap layer portion spaced apart from an uppef surface of
the device layer; and

an out-of-plane electrode defined within the first cap layer poftion by a spacer.

Claim 9. The device of claim 8, wherein the cap layer #§ an epitaxially deposited
cap layer.

Claim 10. The device of claim 8, wherein the spacer comprises silicon nitride.
Claim 11. The device of claim 10, wherein the spacer comprises:

a first silicon nitride portion£xtending upwardly from a lower surface of the cap
layer;

a second silicon nitrde portion extending downwardly from an upper surface of
the cap layer; and

an etch stopportion located between the first silicon nitride portion and the

second silicon ptride portion.

The device of claim 8, further comprising:
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an oxide layer portion located between a second cap layer portion and the upper
surface of the device layer; and
an etch stop extending downwardly from within the cap layer and defining a

boundary of the oxide layer portion.

Claim 13. The device of claim 12, wherein the spacer comprises:

a first silicon nitride portion extending upwardly from a lowef surface of the cap
layer;

a second silicon nitride portion extending downwardly from an upper surface of
the cap layer; and

an etch stop portion located between the firsy/silicon nitride portion and the

second silicon nitride portion.

Claim 14. The device of claim 12, farther comprising:

a buried oxide layer portion focated between a lower surface of the device layer
and an upper surface of a handl¢’layer; and

an etch stop extendifg downwardly from the upper surface of the device layer and

defining a boundary of the buried oxide layer portion.

Claim 15. method of forming an out-of-plane electrode comprising:

proylding an oxide layer above an upper surface of a device layer;

pitaxially depositing a first cap layer portion above an upper surface of the oxide
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etching a first electrode perimeter defining trench extending through the first cap
layer portion and stopping at the oxide layer;

depositing a first insulating material portion within the first electrode perimegCr
defining trench;

epitaxially depositing a second cap layer portion above the deposited/tirst material
portion;

performing an HF vapor etch release on a portion of the oxidé layer;

epitaxially depositing a third cap layer portion above the/Second cap layer portion;

etching a second electrode perimeter defining trench£xtending through the
second cap layer portion and the third cap layer portion;/and

depositing a second insulating material portign within the second electrode
perimeter defining trench, such that a spacer inchuding the first material portion and the

second material portion define a perimeter of an out-of-plane electrode.

Claim 16. The method of claimy/15, further comprising;:

etching an etch stop perjfneter defining trench extending through the first cap
layer portion and the oxide Jayer; and

depositing a thigd material portion within the etch stop perimeter defining trench,
wherein performing/an HF vapor etch release on a portion of the oxide layer comprises

performing an HF vapor etch release to a boundary defined by the third material portion.

The method of claim 16, further comprising;:
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depositing an etch stop layer portion on the deposited first insulating material
portion, wherein etching a second electrode perimeter defining trench comprises:
etching a second electrode perimeter defining trench extending through the

second cap layer portion and to the etch stop layer.

Claim 18. The method of claim 15, wherein the first insulating matgfial portion and

the second insulating material portion comprise silicon nitride.

Claim 19. The method of claim 15, further comprising:

depositing an etch stop layer portion on the depg&ited first material portion,
wherein etching a second electrode perimeter definifg trench comprises:

etching a second electrode perimeter defrhing trench extending through the

second cap layer portion and to the etch stop/layer.

Claim 20. The method of clainy15, further comprising;
etching vent holes through the first cap layer and the second cap layer, wherein
performing an HF vapor etch release on a portion of the oxide layer comprises:

performing an BF vapor etch release on a portion of the oxide layer through the

vent holes.
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Theinvention claimed is:

1. A method of forming an out-of-plane electrode comprising: providing an oxide layer
above an upper surface of a device layer; providing a first cap layer portion above an
upper surface of the oxide layer; etching a first electrode perimeter defining trench
extending through the first cap layer portion and stopping at the oxide layer; depositing a
first material portion within the first electrode perimeter defining trench; depositing a
second cap layer portion above the deposited first material portion; vapor releasing a
portion of the oxide layer; depositing a third cap layer portion above the second cap layer
portion after vapor releasing the portion of the oxide layer; etching a second electrode
perimeter defining trench extending through the second cap layer portion and the third
cap layer portion; depositing a second material portion within the second electrode
perimeter defining trench, such that a spacer including the first material portion and the
second material portion define a perimeter of an out-of-plane electrode, etching an etch
stop perimeter defining trench extending through the first cap layer portion and the oxide
layer; and depositing a third material portion within the etch stop perimeter defining
trench, wherein vapor releasing a portion of the oxide layer comprises vapor releasing a
portion of the oxide layer to a boundary defined by the third materia portion.

2. The method of claim 1, wherein the first cap layer portion, the second cap layer

portion, and the third cap layer portion are deposited by an epitaxia deposition process.

3. The method of claim 1, wherein the first material portion and the second material

portion comprise silicon nitride.

4. The method of claim 1, further comprising: depositing an etch stop layer portion on the
deposited first material portion, wherein etching a second electrode perimeter defining
trench comprises:. etching a second electrode perimeter defining trench extending through

the second cap layer portion and to the etch stop layer.

20



5. The method of claim 1, further comprising; etching vent holes through the first cap
layer and the second cap layer, wherein vapor releasing a portion of the oxide layer

comprises. vapor releasing a portion of the oxide layer through the vent holes.

6. A method of forming an out-of-plane electrode comprising: providing an oxide layer
above an upper surface of a device layer; epitaxially depositing a first cap layer portion
above an upper surface of the oxide layer; etching a first electrode perimeter defining
trench extending through the first cap layer portion and stopping at the oxide layer;
depositing a first insulating material portion within the first electrode perimeter defining
trench; epitaxially depositing a second cap layer portion above the deposited first material
portion; performing an HF vapor etch release on a portion of the oxide layer; epitaxially
depositing a third cap layer portion above the second cap layer portion after performing
the HF vapor etch release; etching a second electrode perimeter defining trench extending
through the second cap layer portion and the third cap layer portion; depositing a second
insulating material portion within the second electrode perimeter defining trench, such
that a spacer including the first material portion and the second material portion define a
perimeter of an out-of-plane electrode; etching an etch stop perimeter defining trench
extending through the first cap layer portion and the oxide layer; and depositing a third
material portion within the etch stop perimeter defining trench, wherein performing an
HF vapor etch release on a portion of the oxide layer comprises performing an HF vapor

etch release to a boundary defined by the third material portion.

7. The method of claim 6, wherein the first insulating material portion and the second

insulating material portion comprise silicon nitride.

8. The method of claim 6, further comprising: depositing an etch stop layer portion on the
deposited first material portion, wherein etching a second electrode perimeter defining
trench comprises:. etching a second electrode perimeter defining trench extending through

the second cap layer portion and to the etch stop layer.
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9. The method of claim 6, further comprising; etching vent holes through the first cap
layer and the second cap layer, wherein performing an HF vapor etch release on a portion
of the oxide layer comprises. performing an HF vapor etch release on a portion of the

oxide layer through the vent holes.
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