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TIP-MOUNTED NANOWIRE LIGHT SOURCE
INSTRUMENTATION

BACKGROUND

[0001] This disclosure relates to scanning probe micros-
copy instruments. A scanning probe microscopy instrument,
such as an atomic force microscope (“AFM”), typically
includes a cantilevered probe tip that extends from the instru-
ment. The AFM positions the tip in proximity of a sample
under test in order to detect a characteristic ofthe sample. The
tip scans the surface of sample under test, and the AFM
generates an image of the surface based upon interactions
between the tip and the surface as a function of tip position on
the sample. The tip is normally made of platinum, silicon
nitride, or gold and is formed into a precise point to facilitate
the interaction with the sample.

SUMMARY

[0002] An exemplary scanning probe microscopy instru-
ment includes a cantilevered tip that has a nanowire light
emitting diode (LED).

[0003] In another aspect, a scanning probe microscopy
instrument includes a cantilevered tip, a pair of electrodes on
the cantilevered tip, and a gallium nitride nanowire electri-
cally connected to the pair of electrodes.

[0004] An example method for use with a scanning probe
microscopy instrument includes activating a nanowire light
emitting diode that is on a cantilevered tip to emit light, and
detecting a characteristic of a sample under test in response to
the light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The various features and advantages of the disclosed
examples will become apparent to those skilled in the art from
the following detailed description. The drawings that accom-
pany the detailed description can be briefly described as fol-
lows.

[0006] FIG. 1 illustrates an example scanning probe
microscopy instrument.

[0007] FIG. 2 illustrates an example cantilevered tip and
nanowire light emitting diode of the scanning probe micros-
copy instrument of FIG. 1.

[0008] FIG. 3 illustrates an example electric circuit and
nanowire light emitting diode.

[0009] FIG. 4 illustrates an example scanning probe
microscopy instrument having a nanowire light emitting
diode and radio frequency functionality.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0010] FIG. 1 illustrates selected portions of an example
scanning probe microscopy instrument 20. In the illustrated
example, the instrument 20 is an atomic force microscopy
(“AFM”) instrument. However, it is to be understood that the
AFM only serves as an example. This disclosure is not limited
to any particular kind of scanning probe device and other
scanning probe devices and arrangements would benefit from
the examples herein.

[0011] The instrument 20 includes an instrument base 22
and a substrate 24 that is disposed upon the instrument base
22. In this example, the substrate 24 is an insulating material
and the instrument base 22 is a suitable substrate material,
such as silicon. A pair of electrodes 26a, 265 is arranged on
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the substrate 24 and are electrically connected to a suitable
electronic circuit or controlling circuit for providing electric
current. The substrate 24 includes a cantilevered tip 28 that
extends outward from a main part of the substrate 24. The
cantilevered tip 28 includes a nanowire light-emitting diode
(LED) 30 disposed thereon. In general, the nanowire LED 30
extends orthogonally from the plane of the cantilevered tip 30
in the example shown. The term “nanowire” refers to a wire of
generally constant cross-sectional area that has a nanoscale
maximum cross-sectional dimension (e.g., diameter) taken
along a plane that is perpendicular to the long axis of the wire.
For example, the maximum cross-sectional dimension is no
greater than 750 nanometers, and in a further example is no
greater than 500 nanometers. The length of the nanowire LED
30 is not limited.

[0012] Referring to FIG. 2 that shows the cantilevered tip
28 and FIG. 3 that shows the nanowire LED 30, the electrodes
26a and 265 extend toward a free, distal end of the cantile-
vered tip 28. The electrodes 264 and 265 may be formed from
suitable materials for controlling or activating the nanowire
LED 30. For instance, the electrode 26a may be formed from
ametal suitable for contacting p-type semiconductor material
and the electrode 265 may be formed from a metal suitable for
contacting n-type semiconductor material.

[0013] In the illustrated example, the nanowire LED 30 is
mounted on the electrode 265. Alternatively, the nanowire
LED 30 could be mounted on the other electrode 26a or on
another part of the cantilvered tip 28. The cantilevered tip 28
includes a conductive substrate 32 that is electrically con-
nected with the electrode 26b. For instance, the conductive
substrate 32 may be silicon or other type of conducting mate-
rial. An insulating layer 34 is located on the conductive sub-
strate 32 and includes an orifice 34a therethrough. That is, the
insulating layer 34 includes a hole that extends completely
through the thickness of the insulating layer 34 such that the
conductive substrate 32 is exposed through the hole.

[0014] The nanowire LED 30 in the illustrated example
includes a core 40a and a shell 405 that extends around the
core 40a. The core 40a and the shell 405 extend generally
from a base at an insulating layer 42 to a free end, or tip. The
nanowire LED 30 includes a portion 43 along which the
nanowire LED 30 has a constant cross-sectional area (repre-
sented at A, FIG. 3).

[0015] The core 40a extends through the orifice 34a of the
insulating layer 34 such that the core 40a is in electrical
connection with the conductive substrate 32. The shell 405
generally surrounds the portion of the core 40a that extends
above the insulating layer 34. Another conductive layer 42,
such as a metal layer, is disposed on the insulating layer 34
and is electrically connected with the shell 406. The conduc-
tive layer 42 is electrically connected to the other electrode
26a through a wire bond 44. Thus, the cantilevered tip 30
includes an electronic circuit through the electrode 265, the
conductive substrate 32, the core 40a, the shell 405, the con-
ductive layer 42, the wire bond 44 and the other electrode 264.
[0016] In general, the nanowire LED 30 is made of at least
one semiconducting material. For instance, the nanowire
LED 30 includes a material based on gallium nitride. In a
further example, the nanowire LED 30 includes a p-type
semiconductor material and n-type semiconductor material.
For instance, the core 40a may be the n-type semiconductor
material and the shell 405 may be the p-type semiconductor
material, or vice versa. In a further example, the semiconduc-
tor materials may include aluminum-gallium nitride and
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indium-gallium nitride. Upon activating the electronic cir-
cuit, the semiconducting materials excite and emit light, such
as laser light or incoherent light.

[0017] Inoperation, the scanning probe microscopy instru-
ment 20 provides a light source by way of the nanowire LED
30 to achieve a unique functionality for nanostructure growth,
etching, and characterization, for example. For instance, the
nanowire LED 30 may be used for photo-enhanced chemistry
with nanometer-scale spatial control. As an example, some
chemical reactions proceed with the addition of ultraviolet
and/or visible light. Therefore, the use of the nanoscale LED
30 can be used to spatially control such reactions and further
allow the use of near-field optical field for photochemical
processes because the gap between the cantilevered tip 28 and
the surface under test can reliably be maintained to be com-
parable to the near field region of about 40x60x60 nanom-
eters from the tip. One application is the process of tip-
enhanced growth of nanostructures, with placement accuracy
determined by the control circuitry used for manipulating the
cantilevered tip 28. The nanostructure could be, for example,
a semiconductor material, metal material, insulator, or other
type of material, depending upon the reactant molecules that
interact with the light emitted from the nanowire LED 30.
Different classes of molecules could alternatively be used to
produce localized etching of the substrate and cleaning of the
cantilevered tip 28. In further examples, the particular wave-
length range of the light emitted from the nanowire LED 30
can be used to achieve certain reactions. As an example, the
wavelength range of the nanowire LED 30 may be designed to
be between 280 and 450 nanometers, depending upon the
materials selected for the nanowire LED 30.

[0018] The nanowire LED 30 may also serve the function
of' the active force tip for atomic force microscopy feedback.
Although the nanowire LED 30 could be placed on any con-
ventional scanning probe microscopy tip, the nanowire LED
30 that is made from gallium nitride is mechanically strong
and dimensionally similar to known AFM tips and therefore
could be used for such a purpose. In addition or alternative to
such a use, the application of gallium nitride nanowire LEDs
30 could also serve other structural functions within a scan-
ning probe microscopy instrument in addition to providing a
light emitting source.

[0019] FIG. 4 illustrates a modified embodiment of a scan-
ning probe microscopy instrument 120. In this disclosure,
like reference numerals designate like elements where appro-
priate and reference numerals with the addition of one-hun-
dred or multiples thereof designate modified elements that are
understood to incorporate the same features and benefits of
the corresponding original elements. In this example, the
conductive layer 42 is replaced with the conductive layer 142
that also forms a metal jacket 160 around the nanowire LED
30.

[0020] In operation, the metal jacket 160 and conductive
layer 142 serve as an RF or DC lead, which enables the
scanning probe microscopy instrument 120 to be used for
near field scanning microwave microscopy. For instance, the
metal jacket 160 forms a section of a resonant microwave
cavity and the losses due to interaction with the sample under
test can be related to changes in carrier density in the imme-
diate vicinity of the tip. Because the nanowire can both excite
carriers locally with light and then detect concentration and
time-dependent decay, this mode of operation offers dual
information on optoelectronic materials, including photovol-

Jul. 19,2012

taics. In the example shown, the tip of the nanowire LED 30
and metal jacket 160 tapers to allow improved spatial resolu-
tion.

[0021] In addition to or as an alternative to the illustrated
examples, the nanowire LED 30 could also be combined with
other types of detectors to enable other types of material
characterizations. For instance, the nanowire LED could be
useful in measuring photoluminescence and photoconductiv-
ity of nanostructures, characterizing absolute intensity and
spatial distribution of nanoscale light sources such as nanow-
ire lasers, characterizing quantum efficiency of nanostruc-
tures used in photovoltaics or light emitting diodes, or fine
spatial characterization of conventional materials. Addition-
ally, the RF-enhanced device, as shown in FIG. 4, allows
simultaneous measurement of carrier concentration, optical
emission, and DC conductivity on nanometer length scales,
which existing instrumentation can only measure one of these
properties at a time making correlation of the different prop-
erties difficult for materials with grain boundaries or sharp
interfaces and small features.

[0022] Additionally, the disclosed scanning probe micros-
copy instruments 20, 120 allow etching and growth with a
single instrument because the instrument can be used with a
gas or vapor handling system that can switch reactants in the
vicinity of the nanowire LED 30 such that the mode switches
between etching mode and growth mode without removal of
the specimen to another chamber. The mode can also be
controlled to be lateral or vertical growth modes by control of
the cantilevered tip 28, which can either be pulled away from
the surface to generate vertical growth or moved laterally with
regard to the surface to promote lateral growth.

[0023] Additionally, the nanowire LED 30 is relatively
strong and chemically resistant with regard to the etching of
other materials, such as silicon and glass fiber, which allows
the nanowire LED 30 to be used as a source for photochem-
istry with greater process flexibility and operating range for
near field scanning optical microscopy.

[0024] Additionally, the nanowire LED may allow lower
substrate temperatures for semiconductor growth because the
use of photo enhancement reduces the temperatures needed to
grow semiconductor materials of the desired quality by
potentially of hundreds degrees and directly on CMOS chips,
which would facilitate reduction of degradation of the exist-
ing devices on the chip because of the lower temperatures.
[0025] Although a combination of features is shown in the
illustrated examples, not all of them need to be combined to
realize the benefits of various embodiments of this disclosure.
In other words, a system designed according to an embodi-
ment of this disclosure will not necessarily include all of the
features shown in any one of the Figures or all of the portions
schematically shown in the Figures. Moreover, selected fea-
tures of one example embodiment may be combined with
selected features of other example embodiments.

[0026] The preceding description is exemplary rather than
limiting in nature. Variations and modifications to the dis-
closed examples may become apparent to those skilled in the
art that do not necessarily depart from the essence of this
disclosure. The scope of legal protection given to this disclo-
sure can only be determined by studying the following
claims.

What is claimed is:

1. A scanning probe microscopy instrument comprising:

a cantilevered tip that includes a nanowire light-emitting
diode (LED).
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2. The scanning probe microscopy instrument as recited in
claim 1, wherein the nanowire LED comprises gallium
nitride.

3. The scanning probe microscopy instrument as recited in
claim 1, wherein the nanowire LED comprises a p-type semi-
conductor material and an n-type semiconductor material.

4. The scanning probe microscopy instrument as recited in
claim 3, wherein the p-type semiconductor material is p-gal-
lium nitride and the n-type semiconductor material is n-gal-
lium nitride.

5. The scanning probe microscopy instrument as recited in
claim 1, wherein the nanowire LED comprises aluminum-
gallium nitride and indium-gallium nitride.

6. The scanning probe microscopy instrument as recited in
claim 1, wherein the nanowire LED has a core and a shell that
is located around the core, and the core is an n-type semicon-
ductor material and the shell is a p-type semiconductor mate-
rial.

7. The scanning probe microscopy instrument as recited in
claim 1, further comprising a metal jacket around the nanow-
ire LED.

8. The scanning probe microscopy instrument as recited in
claim 7, wherein the metal jacket and the nanowire LED
include a tapered tip.

9. The scanning probe microscopy instrument as recited in
claim 1, wherein the nanowire LED comprises a base, a free
end and a portion between the base and the free end along
which the nanowire LED has a constant cross-sectional area.

10. A scanning probe microscopy instrument comprising:

a cantilevered tip;

a pair of electrodes on the cantilevered tip; and

a gallium nitride nanowire electrically connected to the

pair of electrodes.

11. The scanning probe microscopy instrument as recited
in claim 10, wherein the cantilevered tip includes a conduc-
tive substrate that is electrically connected to one of the pair
of electrodes and an insulating layer on the conductive sub-
strate, the insulating layer defining an orifice that extends
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therethrough to the underlying substrate, and the nanowire
extends from the substrate through the orifice of the insulating
layer.
12. The scanning probe microscopy instrument as recited
in claim 11, further comprising a metal layer on the insulating
layer and that is electrically connected to the other of the pair
of'electrodes to define an electronic circuit through one of the
pair of electrodes, the conductive substrate, the nanowire
LED, the metal layer, and the other of the pair of electrodes.
13. The scanning probe microscopy instrument as recited
in claim 10, wherein the gallium nitride nanowire comprises
a p-type semiconductor material and an n-type semiconduc-
tor material.
14. The scanning probe microscopy instrument as recited
in claim 13, wherein the gallium nitride nanowire includes a
core of the n-type semiconductor material and a shell of the
p-type semiconductor material that is located around the core.
15. The scanning probe microscopy instrument as recited
in claim 10, further comprising a metal jacket around the
gallium nitride nanowire, wherein the metal jacket and the
gallium nitride nanowire include a tapered tip.
16. The scanning probe microscopy instrument as recited
in claim 10, further comprising a radio frequency lead located
adjacent the gallium nitride nanowire.
17. A method for use with a scanning probe microscopy
instrument, the method comprising:
activating a nanowire light-emitting diode (LED) that is on
a cantilevered tip, to emit light; and

detecting a characteristic of a sample under test, and the
characteristic is aresponse of the sample under test to the
light.

18. The method as recited in claim 17, wherein the char-
acteristic is photoluminescence.

19. The method as recited in claim 17, wherein the char-
acteristic is photovoltaic.

20. The method as recited in claim 17, wherein the char-
acteristic is photochemical.
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