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Dichroism of diamond grains by a polarization modulated
near field optical setup
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Diamond grown by chemical vapor deposition �CVD� was investigated using a polarization
modulated scanning near field optical microscope. The authors found that the luminescence has
spatial inhomogeneities and it is partially polarized. Confined emission shows differences in
polarization angle up to 90°. The study reveals a peculiar confined dichroic behavior in CVD
materials and suggests that local crystal aggregates play a role in it. © 2006 American Institute of
Physics. �DOI: 10.1063/1.2338581�
Chemical vapor deposited �CVD� diamond is character-
ized by exceptional mechanical and physical properties such
as extremely high Young modulus, large thermal conductiv-
ity, very high radiation resistance, high transparency from
UV to IR, and various other outstanding properties.1 Dia-
mond has been considered for numerous industrial applica-
tions as optical windows for power lasers,2 nuclear sensors,3

x ray,4 and UV detectors5 to cite a few. Unfortunately, mate-
rial quality6 is a critical factor for most of these applications,
but with the recent improvement of depositing single crystal
diamond films with homoepitaxy, CVD diamond has now
reached a real detector grade quality.7 Competing behavior of
nearby grains that tend to expand in three dimensions in-
duces defective regions in the intergrain domains. This re-
sults in morphological, electrical, and optical inhomogene-
ities of micron and submicron dimensions. Methods to
investigate in high resolution these phenomena are extremely
important. Defects are often related to anisotropy and strain
in the crystal structure. These anysotropies can be
asymmetric8 and may induce polarization effects in the
photoluminescence.9 By using a polarization modulated
scanning near field optical microscopy �PM-SNOM� setup
we could study the polarization properties of photolumines-
cence at the submicron scale. We found regions that have
distinct dichroic properties and we show their phase maps
that reveal orientations that differ up to 90°; this points to-
ward the existence of peculiar structural asymmetries and
strain within the polycrystalline framework of the CVD
diamond.

Emission is examined by scanning near field optical mi-
croscope fitted with a nano-apertured optical probe.10–13 The
probe-sample distance is in the order of few tens of nanom-
eters, it is monitored and kept constant using shear force
method.14 The optical configuration is described in Fig. 1: a
�=442 nm He–Cd laser �Kimmon, Ik series, 300 mW� is
used as source, light passes through a beam expander and a
� /4 plate in order to obtain a quasicircular polarization.
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This signal is then filtered by a Polaroid that is mounted
on a rotating motor �a modified light-chopper actuator� at a
frequency of about �r=70 Hz. Light is then guided to an
objective lens �Nikon, 40� /0.60� that focalizes on the
sample. The light emitted is collected by the near field probe,
color filtered at 470 nm, and detected by a photomultiplier
the �PMT�. The intensity values obtained are then fed to a
lock-in amplifier that is tuned with the Polaroid rotating fre-
quency �r. A personal computer records simultaneously the
two signals and generates two maps, the near field intensity
map from the PMT, called SNOM image, and the map of the
data from the lock-in, called hereafter PM-SNOM map.

The physical meaning of a SNOM map is well known;10

it represents the intensity of the evanescent optical field in
the vicinity of the sample surface. A PM-SNOM map15–17 is
instead the results of the lock-in filtering, so it is an informa-
tion related to the local polarization properties of the sample.

FIG. 1. �Color online� Sketch of the polarization modulated SNOM setup.
Near field signal and lock-in polarization properties maps are collected

simultaneously.
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If the sample does not affect the polarization of the light, the
intensity at the phototube will be constant in time. Instead,
where there is local dichroism, signal will be oscillating at
�r. The amplitude of the oscillation represents how elliptic
the beam is and it is measured directly at the phototube
�PMT�. A zero to one type of signal at PMT represents a
linear polarization whereas a 0.9 to one signal represents an
elliptic beam with 10% ratio between the two axes. The PM-
SNOM map is then produced using the lock-in generated
intensity-independent phase signal. The nanoprobe scans the
sample along the xy plane recording a map of polarization
angles, in the case of elliptic light it represents the angle of
the major axis of the ellipse. The light is impinged on the
opposite side of the diamond and crosses all the thickness of
the sample. Polarization status will change in the bulk of the
crystal and only the final polarization state will be observed
by the nanoprobe. The setup essentially compares the final
and initial polarization characteristics of the light. The initial
status is known �linear polarization with polarization angle
rotating at 70 Hz� and the probe placed in the proximity of
the sample measures the final state. The sample is scanned
on the xy plane, only the position-dependent polarization
properties are relevant in these maps. Polarization changes
introduced by the birefringence of the tip or other spurious
phenomena will result in a mere background offset in the
PM-SNOM image.

Figure 2 shows the emission spectrum of the bulk dia-
mond crystal detected in far field and in the inset a scanning
electron microscopy �SEM� image of its surface. Evident ir-
regular crystal structures are visible; roughness, defined as
the deviation from a perfectly flat surface, is about 1 �m.

Three simultaneous maps are recorded and shown in Fig.
3: the near field optic emission map �a�, the polarization
phase map �b�, and its difference map �c�. In �a� there are
visible stripes caused by signal wavering due to a residual
light ellipticity of about 15%. This background position-
independent value is due to spurious polarization introduced
by the optical probe and the bulk of the sample, which is
about 600 �m thick. The other lock-in generated maps �b�
and �c� concern the relevant position-dependent information.

FIG. 2. �Color online� Bulk luminescence emission spectrum of our dia-
mond sample under �=325 nm illumination. In the inset is shown a SEM
image of its surface. The thickness of the diamond is about 600 �m and its
roughness is about 1 �m.
Evident domains of higher optical emission in map �a� are
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emphasized by arrows. The phase map represents the angular
phase of the polarized optical signal in the proximity of the
sample. In �c� the relative phase difference map is shown.
The large circular arc patterns in �a� can be assigned to far
field diffractive phenomena from the bulk of the sample.
Near field related nanometer-sized structures are also visible,
superimposed to the main pattern. One of those, a linear
150 nm feature, plus other even smaller filaments and other
domains are indicated by arrows in �a�. None of these have a
corresponding counterpart in �b�, demonstrating that there
are no artifacts due to cross-talk and confirming that we are
actually observing local polarization properties of the emis-
sion. Since the lock-in generated �b� is a map of relative
angles, we also calculated its difference �c� in order to ex-
tract a direct information on the phase-changing local prop-
erties of the sample. Obvious microscopic linear boundaries
are shown in this map, revealing inhomogeneous local di-
chroism. Even if images are contrast enhanced for visibility,
the strength of this phenomenon can be calculated by treating
the absolute signal values that are preserved in the actual
data files and used with instrument calibration curves. The
lock-in amplifier generates the signal according to its phase-
voltage curve and subsequently an analog to digital �A/D�
card converts this value to a unit labeled “counts” by the
instrument. Lock-in response is almost linear with inclina-
tion of about 16.9° /V; 0° corresponds to 0 V. The A/D con-
verter responds also linearly with a sensitivity, �s=562Vl
+2050 where �s is in counts/V and Vl is the lock-in output in
volts; with these parameters we can estimate easily the actual
local dichroism effect measured on each local feature
mapped. Result of this is shown in the cross section �d� along
the lines r1 and r2 which are plotted with the corresponding

FIG. 3. �Color online� Simultaneous scans of near field photoluminescence
and its polarization properties. �a� Near field PL intensity map of a 15
�15 �m2 region. The image is not treated and oscillation due to the chop-
ping procedure is visible. �b� Lock-in phase signal revealing pixel-to-pixel
correspondence to the polarization-changing properties of the emission. �c�
Map of the phase differences in �b� emphasizing the confined domains
where stronger phase variation occurs. �d� Cross section along r1 and r2

lines. The left vertical axis corresponds to the observed signal in counts, the
right one is the corresponding polarization phase shift.
phase shift values in degrees. These intriguing local polariza-
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tion properties of the diamond surface are presumably related
to the grain orientation and spatial distribution that affect the
near field coupling between optical emission and nanoprobe.
Another example is Fig. 4 where in the optical SNOM image
we observe an elongated superficial crystal structure,
whereas in the polarization modulated image new filamen-
tous submicron structure emerges return. We used a polariza-
tion modulated scanning near field optical microscope to
probe locally the optical properties of a CVD grown dia-
mond crystal. Its polarization-changing characteristics were
recorder simultaneously and a pixel-to-pixel analysis re-
vealed the presence of previously unseen submicron struc-
tures. This suggests that optical interaction within the crystal
is not trivial and implies complex polarization effects. The

FIG. 4. �Color online� Another example of polarization-changing features
within the CVD crystal structure. �a� Optical near field map. �b� Polarization
modulated map. �c� Map of the phase difference emphasizing the region of
higher polarization variation. �d� Cross section profiles along the lines r1

and r2.
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molecular orientation of crystal aggregations forms geo-
metrical anisotropy that depending on the emission polariza-
tion angle plays a of role enhancing or reducing the coupling,
resulting in an increased or reduced intensity at the detector.
The lock-in based method introduced here has the advantage
to be very simple and straightforward and allows an imme-
diate visualization of such polarization effects. Submicron
polarization-changing structures have been recognized and
quantified giving new clues to the study of CVD diamond
materials that we believe will be useful for the fundamental
investigation on these samples.
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