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Controlled two-dimensional distribution of nanoparticles
by spin-coating method
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We demonstrate that the controlled distribution of nanoparticles can be achieved by employing the
spin-coating method. The Co and Ag nanopatrticles were uniformly distributed on the Si and SiO
substrates with this method. The particle density was controllable by varying the concentration of
colloids. The spatial distribution of the nanoparticles within the patterned area was also shown to be
uniform with small boundary effect, which is favorable for current microelectronics technology. We
propose that the spin-coating method can be utilized in developing mass production processes for
future nanodevices. @002 American Institute of Physic§DOI: 10.1063/1.144581]1

Nanoparticles have attracted much attention due to theiterned surfaces, we observed that the nanoparticle density is
potential application for various future high-performance de-slightly higher at the edge.
vices, especially for the electronic devices such as single Co and Ag nanoparticles were prepared by chemical syn-
electron transistdror floating-gate field effect transistbin  thesis. Co nanoparticles were synthesized by a thermal de-
these days, semiconductor and metal nanoparticles of thgomposition process where 4 ml of 0.5 M) Co,(CO)g
length scales10 nm can be chemically synthesiZetiwith ~ toluene solution was injected into hot toluene solution with
precise control of the siZe.Semiconductor nanoparticles 0.089 g of NaAOT[sodium big2-ethylhexy} sulfosucci-
may be placed easily on substrates of wider band gap serrifatel. After refluxing fa 6 h at 380 K andollowing centri-
conductors to form quantum dot arrays with better qualitieduge separation process, black colored Co nanoparticles were
than the heteroepitaxially grown structuféd.Metal nano-  Obtained in powder form. The AOT-stabilized Co nanopar-
particles can be used as catalysts to grow nanoftitéand ~ ficles were dispersed in toluefit As compared to other
as etch masks in nanolithographic processes to fabricaf®ethods’ ““ this hot injection process takes advantage of
nanopillard® and quantum dot¥ Transition-metal nanopar- fast formation of monodisperse nuclei. The following growth

ticles are also useful in fabricating high density magnetid®0cess is slow and homogeneous to assure narrow size dis-
recording medid® tribution and good crystallinity. Ag nanoparticles were ob-

In utilizing nanoparticles for device technology, one of tained by a;COhI‘)l .redluctionl_of silver ag3eta(¥egAc) in the
the fundamental issues is how to distribute nanoparticles unp(;elsgyce 0 dpsoamny pyrro'ldon(aPVZ).. ?gﬁac' ar;c(i) P\I/P ‘
formly on patterned surfaces with precise control of density( : g and 3.0 g, respectivglywere dissolved in 20 ml o

In most studies, the self-assembly scheme has been erﬁ'ghanol and then refluxed for 5 h. The resulting Ag nanopar-

ployed using the chemical interaction between the nanoparthIeS were separated by centrifuge after the addition of ac-

ticles and the substraté2® This method is effective in o™ and dispersed in ethanol. Figurés and 1b) show

o . the transmission electron microscopyEM) images of the
achieving a dense layer of nanoparticles. However, the con- . ; .
prepared Co and Ag nanoparticles with average diameters of

trpl of the particle depsny is c_IlfflcuIt at submonolayer re- 8 nm (¢=0.7) and 20 nm ¢=3.0), respectively. X-ray dif-
gime. Moreover, special chemical treatments are needed on

the substrate surface, and the results are sensitive to the local
chemical environment with enhanced defect susceptibility.

In this letter, we demonstrate that uniform distribution of
nanoparticles with controllable density can be achieved using
the conventional spin-coating method. We have spread col-
loidal Co and Ag nanopatrticles on Si and $i®afers using
the spin-coating method. The resulting particle distribution
was uniform and the density was found to be controllable by
varying the molar concentration of the colloids. On the pat-

dE|ectronic mail: jcheon@kaist.ac.kr FIG. 1. The TEM images of the synthesized nanoparticles on TEM @id.
YElectronic mail: koojayon@kriss.re.kr Co and(b) Ag particles with diameters of 8 nm and 20 nm, respectively.
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FIG. 3. (a) The FESEM images of Ag particles distributed within circular
patterns with diameters of O(eft-hand sid¢ and 1.2(right-hand sidg um
formed on SiQ surface. The molar concentration of the colloid is 74 mM.
(b) The density of Ag nanoparticles as a function of distance from the center
of the 1.2um diameter circle. The broken line represents the average par-
ticle density on unpatterned surfaces at the same condition.

80 80 100 120 140 160
molar concentration (mM) 2(c) 2.3% 1010, and Fig. 2d) 5.6X 100 particles/crﬁ. Shown
in Fig. 2(e) is the relation between the molar concentration

FIG. 2. The FESEM images of Co and Ag nanoparticles distributed on Siynq the resultant densities of the 20 nm Ag nanoparticle on
and SiQ wafers, respectively. The molar concentrations of the colloids use

are(a) Co 5 mM, (b) Co 30 mM, (c) Ag 37 mM, and(d) Ag 148 mM. (e) _he Si and S_i@ wafers. The particle d_ensity monotonically
The relation between the particle density of 20 nm Ag nanoparticles and théncreases with the molar concentration on both surfaces.

molar concentration of the colloids on the Si and Si@fers. More importantly, the particle density was reproducibly ob-
tained for a given colloidal concentration.
fraction analysis showed that these particles have face- The densities of nanoparticles on the Si and the,SiO
centered-cubic structure. wafers were varied using the spin-coating method from be-
We used the spin-coating method to spread the colloiddow 1x 10° particles/crd up to saturation density near 1
nanoparticles on wide areas of Si and gi@afers. One of monolayer. At low densities, the distribution wasndom
the conditions to guarantee the uniform distribution of theand uniformover a wide area of the wafer. At higher densi-
nanoparticles is that the colloidal solution wets the substratées, the nanoparticle interacts with neighboring particles and
surface. Toluene and ethanol used as the solvents wet both rm two-dimensional clusters with local order. Below the
and SiQ wafers. The Si surface was prepared by etching theaturation density, piling up of the nanoparticles to thicker
native surface oxide of the Si wafer in diluted HF solution, layers was not observed. These observations were common
and the SiQ surface was used as produced in factory. Forto both Si and SiQ substrates.
easy control of the nanoparticle density on the surface, we To investigate the behavior of nanoparticles on patterned
fixed the rotational speed of the spin coater at 5000 rpm busurfaces, we made circular patterns on the (ogthyl-
varied the molar concentration of the colloids by dilution. methacrylate (PMMA) resist by electron-beam lithography
Figures 2Za)—2(d) show the field emission scanning elec- and distributed nanoparticles using the spin-coating method.
tron microscopyFESEM images of the 8 nm CFigs. 2a)  The substrate was then baked at 400 K at ambient environ-
and 2Zb)] and 20 nm Ag[Figs. 2c) and Zd)] nanoparticles ment to burn the surfactant surrounding the nanoparticles
distributed by the spin-coating method on Si and Sia-  and fix the nanoparticles on the substrate. Finally, the PMMA
fers, respectively. The molar concentrations of the colloidgesist was removed in the lift-off process by acetone, leaving
were (@) 5 mM, (b) 30 mM, (c) 37 mM, and(d) 148 mM.  nanoparticles only within the exposed area.
The FESEM images show that the Co and Ag nanoparticles Figure 3a) shows a typical FESEM image of 20 nm Ag
were uniformly distributed for all concentrations apart from nanoparticles distributed within circular patterns from the 74
some aggregation. The particle densities estimated from th@M colloid. The radial distribution of the nanoparticles in-

images were Fig. @) 2.5x10'%, Fig. 2Ab) 8.2x10", Fig.  side the pattern of 1.2m diametefright-hand side circle in
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