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ABSTRACT
In this study, we explored the possibility of using annealed non-continuous metal film
enabled etching technique to produce large nano-structured surfaces. Non-continuous Ag
film is deposited on silicon wafer with a thin layer of silicon dioxide using E-beam
deposition, and then vacuum thermal annealing was applied on the deposited films,
causing nano-scaled Ag particles to migrate and agglomerate into self-assembled islands
of larger nanometer dimensions. We controlled the density and average size of the metal
islands through thickness of the initial film and subsequent annealing rates. Reactive ion
.. Rev. Lett,, etching through the metal islands mask into the underneath silicon dioxide layer was
performed following the annealing process. Preliminary hydrophobicity experiments
were carried out using the engineered nano-structured surfaces.

INTRODUCTION

The fabrication of nano-structured surfaces of different materials is of broad interest in
recent years not only because of its fundamental aspects but also because of a variety of
potential applications that may be enabled. In microfuidic systems, surface properties
strongly affect flow resistance since the surface-to-volume ratio is huge under this
scenario, Nanostructured surfaces with certain degree of roughness were found to be
surprisingly effective in reducing the surface friction and leading to a “water repellent”
surface [1,2]. Nanopatterned' surfaces also found innovative applications in recording
cellular activities [3], protein recognition [4], which are the fundamental aspects for the
future disease diagnosing and biological sensing. Another area that nanopatterned
structures are finding increasingly important applications is the semiconductor quantum
devices fabrication. Ordered arrays of silicon nanopillars and nanopoles [5-7] structures
as field emission centers are explored since the discovery of strong visible
photoluminescence from porous silicon by Canham [8]. Different techniques have been
developed to obtain nanostructured surfaces in the last few years [9-13], such as swift
heavy ion (SHI) irradiation [9] and spray deposition of nanoscale metal particles [10],
anodization of aluminum thin film [11], polystyrene as metal deposition mask [7] and
low power plasma with the presence of aluminum leads to the formation of AlF; as
natural mask [5]. Nano-structured surfaces from size-selected clusters [12, 1], and e-beam
lithography [13]. However, how to generate a large area of nanostructured surface for
practical applications in a cost-effective manner is still a challenging issue. .

It is well understood that thin layer metal films prepared by conventional deposition
techniques, such as electron gun deposition, are always polycrystalline and non-
continuous because of the crystal structure mismatch and wetting properties between the
deposited materials and the substrate [14-20]. In the present study we explored the
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possibilities of using non-continuous metal films as RIE etching mask to achieve large ‘ surfaces wo ¢

areas of different nanostructured surfaces in one single step. Vacuum thermal annealing reference
technique was applied to the deposited metal films to adjust the film density and metal
island size. As a result, the dimension of the etched nanostructures underneath and the ] RESULTS A~
interstitial size can be controlled accordingly. The ultimate goal of this work is to use this Figure 2 show
technique to prepare nanostructured surfaces for tuning surface properties between meter scale ca
hydrophilic to hydrophobic for fluidic applications. non-continuity
, — sublimation m
EXPERIMENTAL DETAILS / observed that
Silicon wafer with a thin layer of silicon oxide was used as substrate material. Before B _ kilovolts in th
deposit metal film, the wafers were strictly cleaned using oxygen plasma, then rinsed toward the sut
with DI water, and finally blow-dried with N, gas. Silver was selected as the etching field generate
mask material since Ag is known to grow on this substrate via the formation of three- : accordingly n¢

.dimensional islands rather than in a layer-by-layer mode. Airco/Temescal CV-8 Electron-
Beam Evaporator with deposition monitor IC6000 is introduced to deposit Ag film. The
voltage applied to generate electron beam is 7.5 KV. The deposited film thickness is
precisely controlled by controlling the deposition current less than 0.02 A, After materials
deposition, the films were annealed in vacuum oven at 140 °C. “Ag film morphology,
island density, and the etched nano-structured surfaces were characterized using
Scamning Electron Microscope (Hitachi 4700 Field Emission SEM with EDX, Hitachi,
Japan) and Atomic Force Microscope (Multimode Scanning Probe Microscope, Veeco,
USA). Reactive Ion Etching (Plasma-Therm Model 790, Plasma-Therm, USA) was
implemented for the following etching process with CFs+O, as etching gases. The
isotropic/anisotropic etching properties can be adjusted by changing the gas ratio,
chamber pressure and the RF power. The entire fabrication process is illustrated in Figure
1.
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Fig 1. Process flow of nanopatterned surfaces. (a) A non-continuous metal deposited on : . to identify that
silicon oxide wafer, (b) RIE etching through the metal film mask, (c) Two different : . on the right. F

etching profiles by varying process parameters, isotropic and unisotropic. image of this 1

; , islands growth
After etching, Ag film was removed using wet chemical etching process. Preliminary . and interstitial
hydrophobicity experiments were carried out using the engineered nanostructured ‘ island size and
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surfaces we present here. A silicon dioxide wafer with flat surface was tested as a
reference. Contact angles were measured with different surface conditions.

RESULTS AND DISCUSSION

Figure 2 shows SEM image of E-beam deposited Ag film. Individual Ag island in nano-
meter scale can be easily identified from the image. A major reason is accounted for the
non-continuity or nonuniformity of metal films deposited through evaporation or
sublimation mechanism [16, 18-20]: ion effect. Schuermeyer etc. [19, 20] experimentally
observed that scattered electrons charge the floating substrate to a potential of many
kilovolts in the E-Beam deposition process. This voltage accelerates positive metal ions
toward the substrate and cause sputtering. Since the nonuniform nature of the electrical
field generated between positive ions and floating substrate, deposited metal films are
accordingly nonuniform.

Fig. 2. SEM image of E-beam deposited 70 A thick Ag
film with average island size 20 nm and interstitial 25 nm.

Film thickness was measured at the film and substrate boundary using AFM as shown in
Figure 3 (a). The thickness of the deposited film can be predicted theoretically from
thermodynamic and kinetic theories, since the number of molecules leaving a unit area
per second is given by [14] : :

N=N, ex{—(f—TH 1)

Where Np is a constant and function of T and g¢,, @. is the activation energy for
evaporation, £ is Boltzmann’s constant, and T is temperature. From Figure 3 (b) it is easy
to identify that relatively rough Ag film locates on the left hand side and smooth substrate
on the right. Film under vacuum annealing at 140 °C for 1 hour was done and the SEM
image.of this film was given in Figure 4. Compared with Figure 2, the evidence of Ag
islands growth can be identified. A preliminary estimation on the average Ag island size
and interstitial size was carried out based on image processing technique. The average
island size and interstitial size in Figure 2 was 20nm and 22nm respectively. For the same




film after 1 hour annealing as shown in Figure 4, the sizes are 25nm and 40nm
respectively. A detail study on how the annealing process will affect Ag islands growth ,
and agglomerate and quantitative evaluation will be carried out and not yet covered in With new
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Fig. 3. (a) AFM image of Ag ﬁlm and substratre boundary, film
thickness was measured between the two marks on the image; (b)
film thickness profile measurement.

Fig. 4. SEM image of 70 A Ag film after 1-hour annealing with
average island size 25 nm and interstitial size 40 nm.
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Reactive lon Etching (RIE) is a powerful tool in micro-fabrication to achieve functional
microstructures and devices. However, using RIE to achieve structures in nano-domain
with new functionalities is not fully explored. Selective etching is one of the most
important features that can be realized by RIE. The gases we use here to etch silicon
oxide underneath the Ag islands are carbon CFj plus O, without attacking the Ag islands.
As illustrated in Figure 1, the etching process is straightforward. However, in order to
achieve different nanostructures underneath the Ag islands, such as nanopoles,
nanocones, and nanopillars, the etching process need to be finely tuned. Etching time also
need to be controlled in order to avoid over etch. Table 1 shows the experimental
conditions and etching rate.

Table 1. RIE etching parameters and rate

CF4 flow O2 flow Chamber pressure Power  Etching rate
{scem) (scem) (mTorr) (W) (A /Sec)
24 3 90 150 15

After RIE etching, Ag film was removed from the substrate using wet chemical etching,
The obtained nanostructured surfaces were examined and characterized under SEM and
AFM. Figure 5 shows SEM morphology of the etched surface with several Ag particles
remain on the surface. Figure 6 is AFM image with section analysis of the etched surface.
Pillar structures can be identified form the AFM image. A statistical evaluation was
applied to analysis the average height of pillar structure, which is in the order of 25nm.
The lateral dimension and average pillar-to-pillar distance were also determined as in the
order of 22 nm and 45nm respectively. With respect to the effect of RIE undercut, the
pillar-to-pillar distance is in good agreement with the interstitial size of the Ag islands
mask,

Aghtetch 20.0kV 15 Imn x!

Fig. 5. SEM image of nanostructured surface after etching
using non-continuous Ag film as etching mask
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Fig. 6. AFM section analysis of etched surtace with (a) 3D view and
(b) surface height profile .
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Preliminary hydrophobicity experiments were carried out using the engineered nano-
.structured surfaces we present here. Flat silicon oxide surface was used as reference.
Before contact angle measurement, both samples were surface treated using silane. Table
2 shows the measurement results. Obvious hydrophobicity enhancement can be achieved
by using the nano-siructured surface. Increased surface roughness is one of the major
arguments that contribute to the énhanced surface hydrophobicity [21~23]. Future work
will be directed in achieving surface hydrophobicity continuous adjustment by using the
nano-structured roughened surface combined with different silane treatment.

Table 2. Surface contact angle measurement

Sample Contact angle (deg)
#1 flat Si0, - 97
#2 Rough ENS’ 126

* ENS stands for Engineered Nano-structured Surface -
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CONCLUSIONS

In this study, we explored to use non-continuous metal islands as etching mask to
generate nano-structured surface. Metal island sizes and interstitial size adjustment using
vacuum annealing technique was demonstrated. Enhanced surface hydrophobicity was
achieved using the engineered nano-structured surface.
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