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An ultracompact near-field optical probe is described that is based on a single, integrated assembly
consisting of a gallium nitride �GaN� light-emitting diode �LED�, a microlens, and a cantilever
assembly containing a hollow pyramidal probe with a subwavelength aperture at its apex. The LED
emits ultraviolet light and may be used as a light source for near-field photolithographic exposure.
Using this simple device compatible with many commercial atomic force microscope systems, it is
possible to form nanostructures in photoresist with a resolution of 35 nm, corresponding to � /10.
© 2008 American Institute of Physics. �DOI: 10.1063/1.3032912�

Scanning near-field optical microscopy �SNOM� can be
used to image1–5 and pattern6–11 surfaces with a resolution
significantly better than conventional far-field optical tech-
niques and is often used to study systems in which the char-
acteristic length scale of interest is below the optical reso-
lution limit of standard or confocal microscopes. Examples
of molecular systems imaged by SNOM include conjugated
polymers,12–14 chromosomes,15 and DNA �Ref. 16� with a
resolution typically less than 100 nm. SNOM based lithog-
raphy has also been performed on conjugated polymers13,17,18

and self-assembled monolayers19–22 with a resolution as fine
as 9 nm on certain substrates.23

While there are several different ways to implement
SNOM, cantilever based designs offer many advantages as
their construction is similar to regular atomic force micro-
scopes. In such a configuration, an aperture is positioned at
the apex of a probe located at the end of a flexible cantilever.
The sample of interest is then placed in contact or very close
to the aperture, which is scanned by a piezostage. A laser and
segmented photodiode monitors the deflection of the cantile-
ver as it moves across the surface providing feedback to the
piezostage such that a constant force can be applied �for a
review of SNOM systems, see Hecht et al.1�. The major dif-
ference between a cantilever based SNOM system and a
standard atomic force microscope �AFM� is that an optical
path is provided for a second laser beam to illuminate the
aperture, and, in the case of imaging, to collect the light
emitted or scattered from the tip/sample. However, the align-
ment of the illumination laser and collection optics adds sig-
nificantly to the complexity of both the system and its opera-
tion. As such, cantilever based SNOM techniques have not
been as widely adopted as other scanning probe microscopy
�SPM� techniques despite their other attractive features.

Various approaches have been explored to create scan-
ning probes with integrated light sources. These include or-
ganic light-emitting diodes �LEDs� fabricated on the end of a
probe,24 sharpened silicon LEDs,25 semiconductor nanopar-
ticles incorporated into an electrode gap,26 and gallium ars-
enide based heterostructures engineered into a cantilever.27

However, none of these approaches combines the attributes
of high spatial resolution in imaging or lithography together

with the use of ultraviolet �UV� light emission.
In the present work we report a SNOM probe with

monolithically integrated UV LED and demonstrate its use to
expose a standard photoresist, generating feature sizes down
to 35 nm full width at half maximum �FWHM�, better than
� /10. The integration of a light source with the probe ad-
dresses the practical problems encountered previously in
cantilever SNOM systems and greatly facilitates the near-
field excitation of a surface. Because the device we describe
is capable of being used in many commercial AFM systems,
it may enable powerful near-field optical techniques to be
employed more widely than is currently possible. The light
source we used here also operates at UV wavelengths where
near-field photolithography of many photoresists is possible
and where there is much interesting photochemistry that can
be observed through spectroscopic imaging.

Figure 1�a� shows schematically the operation of the sys-
tem. It is fabricated from three stacked substrates consisting
of �i� a LED fabricated on a GaN wafer, �ii� a microlens to
focus the light from the LED into an image with a spatial
filter incorporated to block stray light, and �iii� a cantilever
style SNOM probe with its aperture positioned at the focus
of the image produced by the microlens.

To construct the system, all three components are fabri-
cated individually using standard processes and are then
bonded together producing a stack with total thickness of
around 1 mm. Our design permits cantilever deflection to be
measured using a laser as it occurs in a standard AFM. A
scanning electron microscope image of a cantilever aligned
over a microlens and spatial filter is shown in Fig. 1�b�.

The LEDs were fabricated using a commercial UV gal-
lium nitride �GaN� LED wafer grown on a sapphire substrate
�Nitride Semiconductors NS385W� using standard processes
that resulted in the structure shown in Fig. 2�a�. The light
emitting region is based on a series of epitaxial quantum
wells positioned between p- and n-doped GaN. Individual
LEDs are made by creating mesas through which a current is
passed. The mesas were created with an inductively coupled
plasma using a photoresist as an etch mask while electrical
connections to the wafer are provided by Ohmic contacts that
consist of Ni/Au �N-type� and Ti/Au �P-type� deposited by
thermal evaporation. The edges of the mesa were coated in
silicon nitride to insulate them from the p-contact electricala�Electronic mail: d.g.lidzey@sheffield.ac.uk.
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track that links the LED to the bonding pads. Finally, the
underside of the wafer was polished to an optical finish.

Figure 2�b� shows the current-voltage and optical power
curves as measured by a calibrated photodiode and averaged
over eight LEDs. The devices emit a maximum optical
power output of nearly 2 mW at an applied bias of 6.5 V,
above which thermal rollover28 occurs and output decreases.
We note, however, that even at maximum output power the
LEDs have been operated for several tens of hours with no
degradation in performance. As can be seen in the inset of
Fig. 2�b� the device emission peaks at 385 nm. An optical
micrograph of a series of LEDs is shown in Fig. 2�c�. In this
work, only a single LED from the linear array of devices was
used; however, such a LED array could be integrated with an
array of microlenses and cantilevers, permitting parallel li-
thography to be performed.

The design of the LED is such that the majority of light
is emitted downward �relative to Fig. 2�a�� through the wafer.
This allowed easy attachment of the LEDs to a glass slide
upon which a microlens and spatial filter were fabricated.
The spatial filter is used to reduce stray light and consists of
a continuous layer of thermally evaporated aluminum into
which two apertures were defined by photoresist lift-off. The
first circular aperture was placed in the location where the
microlens was to be fabricated while the second rectangular
aperture was placed directly below the cantilever to allow
transmission of the deflection laser.

The microlenses were fabricated above the spatial filter
and made using a standard photolithographic technique29–32

by creating cylinders of photoresist that were reflowed such
that the surface tension pulled them into a spherical shape.
Cantilevers were bought commercially from Witec Ltd �Al-
pha 300 S� and used as received except for their apertures

being enlarged slightly to 150 nm using a focused ion beam
�FIB� in order to increase their transmission.

In order to maximize the amount of light incident on the
aperture, it is necessary to accurately focus the LED image
onto the back of the cantilever. For the cantilevers used here,
the image was approximately 400 �m below the microlens
substrate. Focusing was achieved by optimizing the focal
length of the microlens and adjusting the thickness of a
spacer placed between it and the LED. For the results re-
ported here a lens diameter of 130 �m was used with a focal
length of approximately 300 �m.

Construction of the system was performed manually un-
der a microscope using a vacuum pickup tool and microma-
nipulator to align the components before they were bonded
in place. The integrated probe was then placed on the pi-
ezostage of a Witec Alpha SNOM and the photoresist sample
approached until the cantilever deflected. Once in contact,
the piezo was used to move the probe across the surface.

To test the capability of the system, lithography was per-
formed on glass substrates spin coated in BPRS 100 photo-
resist at 4000 rpm for 30 s and then baked on a hotplate at
60 °C for 60 s. After exposure, the samples were developed
for 60 s using Fujifilm PLSI mixed 1:3 with water and then
imaged using a Veeco Multimode AFM.

Using low exposure doses, an average feature size of
below 100 nm was achieved. Figure 3�a� shows an array of
dots produced with a periodicity of 200 nm with a cross
section taken through the image shown in Fig. 3�b�. The
average linewidth is 33 nm as measured using the FWHM

FIG. 1. �Color online� Layout of the integrated SNOM probe. �a� Schematic
showing the three substrates: LED �top�, microlens with spatial filter
�middle�, and SNOM cantilever �bottom�. �b� A SEM image of the cantilever
above the microlens and deflection laser window with the inset showing the
SNOM aperture.

FIG. 2. �Color online� LED structure and performance. �a� Schematic of the
LED layout. �b� Input current and output power as a function of applied bias
with �inset� the electroluminescence spectra. �c� Optical micrograph of a
LED array showing the optical window for the deflection laser.

213103-2 Kingsley et al. Appl. Phys. Lett. 93, 213103 �2008�

Downloaded 25 Nov 2008 to 143.167.6.232. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



with a standard deviation of 5 nm �the minimum recorded
feature size was 25 nm�. In the vertical direction �relative to
Fig. 3�a�� the average FWHM is slightly larger at an average
of 85 nm with a standard deviation of 18 nm. We believe that
this effect results from a combination of two factors. First,
the LED was not switched off in between writing individual
dots—instead the probe was moved as quickly as the pi-
ezostage would allow between sites, leading to a small
amount of unwanted exposure in the scan direction. Second,
due to issues with the FIB milling software, the enlarged
probe apertures were slightly elliptical with their major and
minor axes being 200 and 150 nm, respectively �as imaged
using a SEM�. As the major axis coincided with the scan
direction, it is likely that this ellipticity partially contributed
to the coarser patterning resolution achieved parallel to the
scan direction. For completeness we also scanned the photo-
resist using identical tips that had not been enlarged and
therefore transmitted very little light. This did not produce
any discernable features, eliminating scratching as the sur-
face patterning mechanism and also suggesting that the tip
temperature during operation is below the melting point of
the photoresist at �100 °C.

As reported elsewhere,2 the features produced using this
probe are smaller �FWHM� than the aperture size resulting
from inherent nonlinearity of the exposure process. It is also
noticeable that the lithography is approaching the limit of the
photoresist since the grain size of the films is approximately
20 nm as is partially visible in Fig. 3�a�.

In conclusion, we have developed a scanning probe with
an integrated light source suitable for use in SNOM. The
probe requires no external optics and so can potentially be
used in a standard atomic force microscope. Light is pro-
vided to the cantilever by a high brightness GaN LED along
with a microlens to focus the light. Using this probe, a stan-

dard photoresist was patterned with a resolution comfortably
below 100 nm. Finally, we emphasize that the single canti-
lever devices presented here could be readily adapted for use
in a multiple cantilever based system, potentially allowing
surfaces to be patterned in parallel at high resolution and at
high speed.
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FIG. 3. �Color online� Photoresist exposed by the integrated SNOM probe.
�a� An AFM image of an array of dots with 200 nm period. �b� A cross
section of the cut shown in �a�.
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