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We present a simple method for causing the end of a silicon nitride atomic force microscope �AFM�
tip to emit light, and we use this emitted light to perform scanning near-field optical microscopy.
Illumination of a silicon nitride AFM tip by blue �488 nm� or green �532 nm� laser light causes the
sharp part of the tip to emit orange light. Orange light is emitted when the tip is immersed in either
air or water; and while under illumination, emission continues for a period of many hours without
photobleaching. By careful alignment of the incident beam, we can arrange the scattered light to
decay as a function of the tip-substrate separation with a decay length of 100–200 nm. The
exponential decay of the intensity means that the emitted light is dominated by contributions from
parts of the tip that are near the sample, and therefore the emitted orange light can be used to capture
high-resolution near-field optical images in air or water. © 2005 American Institute of Physics.

�DOI: 10.1063/1.2149149�
I. INTRODUCTION

An atomic force microscope �AFM� is a useful tool
for high-resolution imaging1 and precise surface force
measurements.2 A related technique, scanning near-field op-
tical microscopy �SNOM�,3 can be used to obtain high-
resolution optical images by collecting or emitting light from
a sharp tip that is near the sample. The advantage of SNOM
over AFM is that spectroscopic imaging of surfaces allows
more facile identification of surface species than the force
imaging that is performed in AFM. There are two basic types
of SNOMs: those in which the tip acts as a waveguide and
those in which the tip is used to scatter an evanescent wave
that is produced at the surface of a sample �apertureless
SNOM�.4,5

In this article, we present a simple method to make a
regular gold-coated silicon nitride AFM tip emit light: when
the tip is illuminated by a high intensity of light, it emits
light of a different frequency. The frequency shift is very
useful in SNOM applications because, by simple frequency
filtering, one can obtain signals exclusively from an AFM
tip. This makes the technique quite distinct from conven-
tional apertureless SNOM, in which elastically scattered
light is recorded. The contrast mechanism in apertureless
SNOM is still a subject of debate, but it is thought that con-
trast arises from interference between scattering from the tip
and the sample.6 By measuring the signal from the tip only,
we aim to eliminate this interference. We show that high-
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resolution optical images can be captured by analyzing the
inelastically scattered light when a sample is scanned under
an illuminated tip.

II. EXPERIMENT

The schematic of the experiment is shown in Fig. 1. An
atomic force microscope �AFM, Asylum 3D, Santa Barbara�
was mounted above an inverted optical microscope �Zeiss
Axiovert, Carl Zeiss, Thornwood, NY�. Laser light, reflected
from a dichroic mirror, was focused on the AFM tip by an
objective lens �N.A. 1.45, 60� TIRFM objective, Olympus,
Japan�. A high numerical aperture lens was used because it
gives a high optical magnification of the tip, and provides the
ability to use a high angle of refraction �relative to the nor-
mal�. After the objective, the beam passes through a thin-
bottomed �0.1–0.15 mm� glass dish �MatTec, USA�. A small
drop of index matching liquid was placed between the lens
and the glass dish. A thermoelectrically cooled diode laser
�532 nm, 10 mW, TECGL-10, World Star Tech., Canada� or
an Ar-ion water-cooled laser �488 nm line of 1 W, Innova
Enterprise 2, model 610, CA, USA� was used as the light
source. The beam on the cantilever or tip had an approximate
diameter of 1–2 �m. We used commercial silicon nitride
AFM cantilevers �Veeco, USA� with integrated, hollow
square-pyramidal Si3N4 tips. The cantilever and tip were
coated with 10 nm Cr and 30 nm Au on the side opposite the
protruding tip.

Light scattered from the AFM tip was collected by the
microscope objective and after passing though the dichroic
mirror was collected by either �a� a photomultiplier tube

�PMT� �Hitachi H5784-01� or �b� a fiber optical UV-vis spec-
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trometer �SD2000, Ocean Optics Inc., USA�. In some experi-
ments, the separation between the cantilever and the glass
dish was varied 0.2–20 �m/s using a piezoelectric trans-
ducer and measured by a linear voltage-displacement trans-
ducer �LVDT�. No speed dependence was observed. Unless
otherwise specified, all experiments were performed in air.
Spectra from Fig. 3 were obtained using a Horiba Jobin Yvon
Triax 550 spectrometer.

III. RESULTS AND DISCUSSION

When we illuminate a commercial silicon nitride AFM
tip in air with focused green �532 nm� light, the sharp end of
the AFM tip �the part that is in close proximity to the sample
during imaging� emits orange light. Figure 2 shows the emit-
ted orange light when we have reduced the intensity of green
light using both a dichroic mirror and a high-pass filter �cut-
off frequency 540 nm� that together reduce the 532 nm in-
tensity by a factor of 107. The frequency spectrum of the
orange light shows a maximum at about 650 nm. Most im-
portantly for applications relating to microscopy, no pho-
tobleaching of the emission was observed, even over periods
of hours.

Emission from the AFM tip is interesting because of
applications to near-field microscopy, but we will first de-
scribe the far-field emission properties from the cantilever
leg, which is about 600 nm thick and is coated with 10 nm
Cr and 30 nm Au on the side opposite the impinging laser
beam. The cantilever leg also emits orange light when it is
illuminated at 532 nm, the spectrum of which is shown in
Fig. 3. In the absence of the metallic coating, there is still
emission, but the emission has a lower intensity and is more
broad. Very similar emission was observed from silicon ni-

FIG. 1. �Color online� Schematic of the experiment. Parallel light from the
laser is focused into a 1.0–0.5 �m spot on the AFM tip by an objective lens.
Inelastically scattered light is detected by a photomultiplier tube after pass-
ing through both the dichroic mirror and a filter passing ��540 nm.
tride particles �polydisperse, diameter 1–50 �m�. Recent
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related work has also shown that amorphous silicon
nitride may contain nanocrystals of silicon, which are
photoluminescent.7,8 Very thin �20–35 nm� single crystals
of silicon nitride have also been shown to be
photoluminescent.9 It has been suggested that the origin of
the photoluminescence in silicon nitride may be dangling
bonds or silicon nanoclusters within the silicon nitride.7–9

Gold is also photoluminescent but its role here appears
to be enhancement of the silicon nitride emission: the gold-
coated silicon nitride cantilever leg produces a sharper and
more intense peak than either gold or silicon nitride.

The emission intensity is proportional to input intensity
below about 2 mW of input power; at greater input power,
the yield of orange light is less �Fig. 4�. The linear depen-
dence on incident intensity and then saturation is inconsistent
with a nonlinear optical effect, despite the high power den-
sity of illumination by the laser beam �up to 1016 W/m3�. We
are also able to eliminate blackbody emission as the source
of the photoluminescence because the emission peak is too
narrow and the wavelength of the peak is too short. �When
the cantilever is immersed in liquid water, the peak corre-
sponds to blackbody radiation at 4310 K whereas the tip

FIG. 2. �Color online� Inelastic scattering from AFM tip scattering is ob-
served when the AFM tip is placed near a glass plate and is illuminated by
the green �532 nm� laser. �a� Photograph of the end of the AFM cantilever in
which the green light has been heavily filtered. �b� Spectrum of the emitted
light under various conditions: 1 �solid�, 532 nm excitation in air; 2
�dashed�, 488 nm excitation in air; and 3 �dotted�, 532 nm excitation in
water.
temperature must be in the vicinity of 273–373 K�. Also, the
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spectral peak does not change with laser power input, as one
would expect for a blackbody heated with a laser. We are
able to eliminate Raman scattering because there is no anti-
Stokes emission. In the absence of other mechanisms, we
conclude that the origin of the photoluminescence is prob-
ably fluorescence. Chemical impurities may be contributing
to the fluorescence: we found some variation of the peak
emission in the region 650–675 nm depending on the batch
of cantilevers, but emission was always observed.

As stated earlier, photobleaching was not observed. In
contrast, at the highest illumination power �10 mW�, we oc-
casionally produced visible damage to the edge of a gold-
coated cantilever. By scanning the laser, we could produce
damage lines on the cantilever. Such damaged regions pro-
duced a much greater intensity of photoluminescence �up to
ten times the intensity from undamaged areas�. This effect is
useful for enhancing the signal in microscopy applications.

Returning now to emission from the AFM tip, Fig. 2
shows that orange emission is also observed under illumina-
tion from 488 nm light �Ar laser, 10 mW power�, except that
the emission frequency is shifted to a shorter wavelength; the
maximum intensity is at about 625 nm. The frequency shift
between the illuminating light and the peak of the photolu-
minescence is not the same for the 488 and 532 nm sources,
which confirms that the photoluminescence is not Raman
scattering. Thus, by controlling the illumination frequency,
we attain some control of the emission frequency. This will
be useful for excitation of different chromophores.

We were also able to change the emission frequency by
varying the thickness of gold. The standard silicon nitride
cantilever is coated in 30 nm of gold on the side opposite the
protruding tip. X-ray photoelectron spectroscopy �XPS� mea-
surements show that the average thickness of gold on the
inside of the AFM tip is much thinner ��5 nm�. After depo-
sition of 40 nm of additional gold on the back side of the
cantilever, the maximum in the spectrum shifts to the yellow
range �about 600 nm� and the scattered intensity is decreased
by about 10 times.

FIG. 3. �Color online� Emission spectra from AFM cantilever legs when
illuminated with 532 nm light. The emission spectra for silicon nitride pow-
der and a gold mirror are shown for comparison. The relative intensities of
different samples in this figure are not comparable.
AFM and SNOM find useful applications in aqueous so-
le is copyrighted as indicated in the article. Reuse of AIP content is subjec
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lutions, so we examined the photoluminescence in water. At
very high illumination intensities �1016 W/m3�, bubbles
grow on both the tip and the glass sample plate, probably by
optical cavitation.10 By illumination with a lower intensity of
light, we are able to produce photoluminescence �see Figs. 2
and 4� while avoiding bubble formation and thereby produce
emission of orange light from the tip under conditions that
are useful to AFM and related techniques.

We have monitored the emission while the excitation
laser is chopped at frequencies in the range 6–200 Hz. The
emitted light is modulated at the same frequency. When the
tip is not in contact with the glass plate, modulation of the
incident irradiation results in modulation of the cantilever
deflection with the same frequency. The force from the pho-
ton pressure ��3�10−11 N� is too small to cause the deflec-
tion. This force is probably due to a thermal effect, either
bending of the cantilever due to differential expansion of the
gold coating relative to the silicon nitride, or expansion of

11

FIG. 4. �Color online� Light emitted from the silicon nitride cantilever leg in
water as a function of input power at 532 nm. �a� Spectrum. From top to
bottom, the spectra are blackbody prediction at 4310 K, measured spectrum
at 6.3, 4, 2.5, 1.6, 1, and 0.1 mW incident laser power. Note that the spectral
shape does not change with input power. �b� Intensity of emitted light at
650 nm.
the surrounding air. This modulation of forces on the tip
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may be useful for AFM techniques that rely on cantilever
vibration12 �e.g., tapping mode AFM�, for signal-to-noise re-
duction, or to control the effective stiffness of the cantilever.
A static force is experienced for a constant illumination.

To be useful in near-field microscopy applications, the
emission of light from the tip needs to be enhanced by prox-
imity to a sample. If enhancement occurs near a sample, then
optical output from the end of the AFM tip will dominate the
emission, thereby localizing the emitted signal to a small
area. This localization produces high lateral resolution in op-
tical microscopy. We also measured the intensity of emitted
orange light that is captured by our objective lens as a func-
tion of the separation between the tip and our sample �Fig. 5�
under conditions where the angle of incidence for the illumi-
nating light into the sample is clearly less than the critical
angle: light that illuminates the tip is a transmitted wave
rather than an evanescent wave. When the angle of refraction
is less than about 80° �relative to the normal�, the depen-
dence of the intensity on separation is rather weak, but when
the angle is greater than 80°, the intensity profile is steep and
exponential with a decay length of about 100–110 nm. This
is a useful regime for near-field imaging of surfaces. Thus,
the photoluminescence has the appropriate properties for
high-resolution imaging. The angular dependence of the de-
cay length is consistent with an evanescent wave produced
during internal reflection within the AFM tip.

Figure 6 is a SNOM image of graphite particles on glass
that was captured by illuminating the AFM tip with 532 nm
light and measuring the intensity of 540–800 nm light while
scanning the graphite sample under the tip. This method is
seen to resolve small particles with a diameter of about

FIG. 5. Inelastic scattering as a function of the separation between an AFM
tip and the glass plate. Data shown are for large �80° ���90° � refraction
angles. The inset shows the same data on a log scale, as well as an expo-
nential fit with a 110 nm decay length. The large increase in intensity at
approximately zero distance in the lower figure is due to a mechanical
instability that causes the tip to jump toward the plate. The intensity is no
longer exponential because a surface force bends the spring, removing the
correspondence between distance and separation. After the instability, the
intensity no longer increases with decreasing distance because the tip is
resting on the sample.
20 nm.
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IV. DISCUSSION

In summary, it is easy to make a silicon nitride AFM tip
emit light in air or water by simply illuminating the tip
with green light �532 nm� that is transmitted through an
AFM sample. The emitted light has an orange color
��max�650 nm�, so it can be separated from elastically scat-
tered green light, and the intensity varies exponentially with
the separation between the tip and the sample. This exponen-
tial decay is useful because it allows illumination of a small
area under the AFM tip, and therefore it is useful for SNOM.
In comparison to conventional apertureless SNOM �using
elastic scattering�, the inelastic-scattering method is easier to
interpret because one does not need to worry about signals
arising from the sample6 �provided that the sample is not
photoluminescent�. By simple addition of an illuminating
source, a filter, and a light detector, one can convert a com-
mercial AFM into an SNOM using mass-produced silicon
nitride cantilevers. We anticipate that this device will be use-
ful for imaging small particles and thin films in materials
science and biological applications.
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