mode to a pulsed growth mode. By continuing the pulsed growth mode of the

semiconductor material, a plurality of semiconductor nanowires can be formed.

[0008] According to various embodiments, the present teachings also include a
- group IlI-N nanowire array, which can include a selective growth mask disposed over
a substrate. The selective growth mask can include a plurality of patterned apertures
that expose a plurality of portions of the substrate. A group IlI-N nanowire can be
connected to and extend from the exposed plurality of portions of the substrate and
extend over a top of the selective growth mask. The group [lI-N nanowire can be
oriented along a single direction and can maintain a cross-sectional feature of one of

the plurality of selected surface regions.

[¢009] According to various embodiments, the present teachings further include
a GaN substrate structure. The GaN substrate structure can be a GaN film coalesced
from a plurality of GaN nanowires, which is defect free. The GaN film can have a

defect density of about 10 cm™ or lower.

[800Cal  According to a first aspect of the invention, there is provided a method of

forming a thin-walled structure comprising: forming a selective growth mask over a

substrate, wherein the selective growth mask comprises 2 pluraiity of patterned

aperturegs; forming a thin-walled structure on the substrate by disnosing a

semiconductor material in each patterned aperiure using a non-pulsed growth moda:

and growing the thin-walled structure using a pulsed arowth mode of the

serniconductor material,_wherein the thin-walled struciure comprises a holiow shape

having a wall thickness.

IG009k] According to a second aspect of the invention, there is provided a thin-

walled structure comprising: a selective growth mask disposed over a subsirate,

wherein the selective growth mask comprises a plurality of natterned aperiures with

gach patterned aperfure exposing a surface portion of the substraie: and a thine

walled structure connected to and extending from the surface portion of the substrate

and through each paiterned sperture, wherein the thin-walled structure comnrises a

hollow shape having a wall thickness of 1000 nm or less.

(0010} Additional objects and advaniages of the invention will be set forth in part
in the description which follows, and in part will be obvious from the description, or
may be learned by practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the elements and combinations

particuiarly pointed out in the appended claims.



[0011] It is to be understood that both the foregoing general description and the
following detalled description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.
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WHAT IS CLAIMED IS:

1. A group HI-N nanowire array comprising.

a substrate;

a selective growth mask over the substrate, wherein the elective growth mask
comprises a plurality of patterned apertures that expose a plurality of portions of the

substrate; and |

a group Hi-N nanowire connected to and extend; - from each of the plurality
of portions of the substrate, wherein the group ili»N nowire is oriented along a
single direction and maintains a cross-sectional of one of the plurality of
selected surface regions, and wherein the grof ' 1I-N nanowire extends over a top of

the selective growth mask.

L]
[N

3. i of claim 1 or 2, wherein the group [li-N nanowire comprises

4, The fanowire array of any of the preceding ciaims, wherein each of the plurality

of pattery ed apertures comprises a shape chosen from a polygon, a rectangie, a

squape, an oval, or a circle.
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5. The nanowire array of any of the preceding claims, wherein the gro
nanowire further comprises an aspect ratio of about 100 or higher and & cross-sectional
dimension of about 10 micrometers or less.

8. The nanowire array of any of the preceding claims, further comprising a buffer

layer disposed hetween the substrate and the selective gréwth mask, wherein the buffer

tayer comprises one or more of GaN, AN, inN, InGaN /AlinGaN or AlGaN.



WHAT IS CLAIMED iS:

1. A method of forming a thin-walled structure comprising:

forming a selective growth mask over a substrate, wherein the selective growth mask
comprises a plurality of patterned apertures;

forming a thin-walled structure on the substrate by disposing a semiconductor material in
each patterned aperture using a non-puised growth mode: and

growing the thin-walled structure using a pulsed growth mode of the semiconductor
material, wherein the thin-walled structure comprises a hollow shape having a wall thickness.

2. The method of claim 1, wherein at least one lateral dimension of each patterned aperture is
about 1 micron or less.

3. The method of claim 1, wherein at least one lateral dimension of each patterned aperture is
about 500 nm or less 1o form a thin-walled nanowire structure.

4. The method of claim 1, wherein the thin-walled structure has a length of about 1 micron fo
about 10 mm.

5. The method of claim 1, wherein the wall thickness is about 1000 nm or less.

6. The method of claim 1, wherein the thin-walled structure comprises a thin-walled holiow
struciure having a lateral cross section selected from the group consisting of a thin-walled
polygon, a thin-walled rectangle, a thin-walled square, a thin-walled oval, and a thin-walled
circle.

7. The method of claim 1, wherein the substrate comprises one or more materials selected from
the group cansisting of Si, SIC, sapphire, GaN and GaAs.

8. The method of claim 1, wherein the pulsed growth mode is applied before or after growth of
the semiconductor material profrudes over a top of the selective growth mask.

9. The method of claim 1, wherein the semiconductor material for forming the thin-walled
structure comprises one or more materials selected from the group consisting of GaN, AIN, InN,
InGaN, AlinGaN and AlGaN.

10. A group HI-N thin-walled structure formed according to the method of claim 1.

11. The method of claim 1, further comprising forming a group lli-N substrate structure by
terminating and coalescing one or more formed thin-walled sfructures.

12. The method of claim 1, further comprising forming a multiple quantum well (MOW) active
structure on one or more sidewalls of the formed thin-walled structure, the thin-walled structure
being used as a core sfructure.
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13. A group llI-N substrate structure formed by the method of claim 11.

14. The method of claim 12, wherein the MOW active structure comprises ohe or more
materials chosen from AlGaN, InGaN, AlinGaN, GaN, AIN, and InN,

15. A thin-walled structure comprising:

a selective growth mask disposed over a substrate, wherein the selective growth mask
comprises a plurality of patterned apertures with each patierned aperture exposing a surface
portion of the substrate; and ‘

a thin-walied structure connected to and extending from the surface portion of the
substrate and through each patterned aperture, wherein the thin-walled structure comprises a
hollow shiape having a wall thickness of 1000 nm or less.

16. The siructure of claim 15, wherein the at least one lateral dimension of each patterned
aperture is about 1 micron or less.

17. The structure of claim 15, wherein the at least one lateral dimension of each patterned
aperture is about 500 nm or less for a thin-walled nanowire structure.

18. The structure of claim 15, wherein the thin-walied structure has a length of about 1 micron or
longer extended from the substrate surface.

19. The structure of claim 15, wherein the thin-walled structure comprises a thin wall, a thin-
walled polygon, a thin-walled rectangle, a thin-walled square, a thin-walled oval, or a thin-walled
circle.

20. A multiple quantum well (MQW) active structure disposed on one or more sidewalls of the

thin-walled structure of claim 15, to form a core-sheli active structure for a device comprising a
light emitting diode (LEDY), a laser, or a high electron mobility transistor (HEMT).
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