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Abstract. We report the techniques for measuring optical properties of a single nanometer-
sized diamond. The electron beam (e-beam) lithography defined coordination markers on a
silicon wafer provide us a convenient tool for allocating a single nanodiamond immobilized on
the surface. By combining a confocal microscope with the e-beam lithography patterned smart
substrate, we are able to measure the Raman and photoluminescence spectra from a single
nanodiamond with a size less than 100 nm.

1. Introduction

Bulk diamond is a useful material for its technically important properties including high thermal
conductivity, hardness, electrical resistivity and strength. Nanodiamond possesses not only the above
properties but also other properties such as special optical properties and magnetoresistivity [1]. It is
recently demonstrated that diamonds with a nominal size of 100 nm are capable of producing stable
fluorescence from color centers after surface treatment with strong oxidative acids [2]. The fluorescent
nanodiamonds could possibly be used as a fluorescent biomarker for in vitro as well as in vivo studies
at the single-particle level. In addition, many studies have been motivated by the tremendous
technological potential for diamond system composed of nanometer-sized crystalline [3-6]. Although
there are some reports on the optical properties of nanodiamonds, however, most of their studies focus
on nanodiamonds in cluster or powder form [7-9]. In this work, we report the optical studies from a
single free standing nanodiamond on Si under laser excitation at 532 nm using techniques of
combining a confocal microscope and an electron-beam (e-beam) patterned smart substrate.

2. Preparation of the single nanodiamond and smart silicon substrates
The nanodiamonds used in this study were all synthesized under high pressure and high temperature
(HPHT). The x-ray diffraction and transmission electron microscopy (TEM) analysis reveal that the
diamond sample under investigation has crystalline structure. In the experiments, we test two different
size nanodiamonds which have average sizes of 90 nm and 35 nm, respectively. Therefore, we expect
any changes in the observed optical properties between different nanodiamond samples are most likely
due to the size effect.

The powder of 90 nm nanodiamonds is first put in an acid mixture (H,SO,:HNO3 = 3:1) and

treated in ultrasonic bath for 30 minutes. It is then diluted and centrifuged in DI water and ethanol
mixture to eliminate the large nanodiamond clusters. The solution is placed in an ultrasonic oven for
30 minutes to disperse the nanodiamonds. This ultrasonic bath can break the water molecules and

increase the OH" bonding on the nanodiamond surface. The accumulation of charges on the diamond
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surface can further prevent the clustering of nanoparticles.

I |

Figure 1. SEM image of 2D arrays of 300 Figure 2. Pattern shown in Figure 1 is
nm metal dots defined within an area of 180 repeated several times to cover most of the
um by 30 um on Si surface. chip surface.

A Si wafer is diced into 2 cm by 2 cm chips. A pattern of two dimensional arrays of round metal
dots with diameter of 300 nm and pitch size of 1.2 um is defined on the Si chip using e-beam
lithography technique within an area of 180 um by 30 um. The 2D array pattern is then repeated
several times on the same chip. The pitch size of 1um is determined according to the optical resolution
of our confocal microscope at an excitation wavelength of 532 nm. Figures 1 and 2 show the scanning
electron microscope) (SEM) images of the patterned substrates. Similar dispersion processes are also
applied to the 35 nm nanodiamonds. However, a cross-type coordination marker (as shown in figure
3(a)) is defined using the focused ion beam (FIB) when a single nanodiamond is spotted under SEM.

3. Immobilization of a single nanodiamond

A drop from the diluted nanodiamond solution is spread on the Si surface to anchor the nanodiamond
on the surface patterned with coordination markers. The size of markers was properly designed so that
they can be clearly seen under optical microscope as shown in figure 3(b). The samples with dispersed
nanodiamonds are scanned under the SEM. When a single nanodiamond is found in the SEM images,
a corresponding coordinate is assigned. figures 3(c) and 3(d) show the SEM image of the Si surface
with an immobilized single nanodiamond near one of the markers and a cluster compose of three
nanodiamonds, respectively.

After a single nanodiamond is allocated from the SEM images and a corresponding coordinate is
assigned. The laser beam focused through the microscope objective with a spot size of 1 um is moved
to the given coordinate where the single nanodiamond is located. The PL and Raman signals are
collected through the same objective and are analyzed by a 0.32 m spectrometer equipped with a
liquid nitrogen cooled CCD detector at excitation wavelength of 532 nm.
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(b)

(d)

Figure 3. (a) A cross-type marker is made with FIB near a single 35 nm nanodiamond (b) optical
image of e-beam defined pattern under confocal microscope (¢) SEM image of a single
nanodiamond near one of the marker (d) a cluster of three nanodiamonds near one of the marker.

4. Raman and Photoluminescence spectra from a single nanodiamond
For the 90 nm nanodiamond, a single Raman peak due to the sp3 bonding structure in the diamond

was detected at the energy of 1328 cm~1 as shown in figure 4(a). This peak is red-shifted by ~ 4 cm-1
in compared to the bulk diamond. The Raman spectrum from the single 35 nm nanodiamond, as

shown in figure 4(b), shows a Raman peak at 1325 cm-L. There is also Raman signature due to the sp2

bonding graphite structure at the energy of ~ 1600 cm-1. The decrease of the phonon peak energy as
the nanoparticle size is reduced is attributed to the finite-size effect [10]. A broad PL emission
centered at about 700 nm, as shown in figure 5, was also observed from both samples at excitation
wavelength of 532 nm. The emission at the visible light wavelengths is probably due to the defects,
vacancies in the nanodiamonds or the disordered carbon layer covered on the nanodiamond surface
[11].

5. Conclusion

In summary, by combining a confocal microscope and an e-beam patterned smart substrate, we are
able to study optical properties of a single nanodiamond with a size of less than 100 nm. The Raman
peak found in the experiments is red-shifted in compared to the peak found in bulk diamond due to the
phonon confinement effect. A broad emission centered at about 700 nm is also observed from the
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corresponding PL spectra at an excitation wavelength of 532 nm.
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Figure 4. (color online) Raman Spectra of (a) a single 90 nm nanodiamond and (b) a single 35 nm
nanodiamond
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Figure 5. (color online)
Photoluminescence spectra from
the single 90 nm nanodiamond.
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