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In this paper, well-aligned silicon nanowire (SiNW) arrays have been directly synthesized on
single crystal silicon wafer at room temperature via a simple chemical etching method, and the
e�ect of the microstructure of Ag catalysts on the fabricating process of the silicon nanowires has
been systematically investigated. The experimental results show that di�erent microstructures of
Ag catalysts have been observed with di�erent concentration of AgNO3/HF solution for di�erent
deposition times. The diameters of Ag particles and the mean interstitial sizes among Ag particles
are relatively small for a short deposition time, and some large particles are formed when the
deposition time increases. A much longer deposition time caused the substrate to be covered with
a large amount of Ag dendrite. It can be inferred that 4 min is a good deposition time, because of
the proportioned structure of particles and interstitial size, according to our experimental results.
Nanostructures of Ag catalyst also vary with a change of concentration of AgNO3/HF solution. Ag
dendrite may be formed at high concentration and a�ect the fabrication of SiNWs.
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I. INTRODUCTION

Since carbon nanotubes (CNTs) were �rstly fabricated
by Iijima in 1991 [1], one-dimensional nanostructures,
such as nanotubes and nanowires, have been remark-
ably focused on, due to their novel electrical, optical,
magnetic, and mechanical properties resulting from the
reduced dimensions and size. Silicon material, as a
semiconductor material, plays an important role in the
microelectronic-device �eld. The synthesis, processing,
and properties of silicon nanowires (SiNWs) have re-
ceived signi�cant attention and have been investigated
widely, due to their nanostructure e�ects. Many kinds
of methods have been used in the preparation of SiNWs,
such as laser ablation [2,3], OAG (oxide-assisted growth)
[4, 5], thermal evaporation [6], UHVSTM (ultra-high-
vacuum scanning-tunnelling microscopy) [7], technology
of RIE and EBL (reactive-ion-beam etching and electron-
beam lithography) [8], and electrochemical etching [9{
11]. At the same time, varieties of catalysts including
Au [12, 13], Ag [9{11], Fe [3, 14], Ti [15] and Ni [6]
were respectively used during the preparation of SiNW.
However, in many cases, it is very di�cult to control
the growth orientation of SiNWs because of di�erent mi-
crostructures of catalysts. In order to gain SiNWs ar-
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rays with excellent orientation, the growth mechanism of
well aligned silicon nanowires and the various processes
for the catalyst microstructures should be systematically
studied. In this paper, the synthesis process of well self-
assembled SiNW arrays and the e�ect of Ag catalyst mi-
crostructure on a well aligned silicon-nanowire array di-
rectly synthesized with a chemical etching method have
been studied.

II. EXPERIMENTS AND DISCUSSION

A simple electrochemical method was employed to
synthesize SiNWs. N -type (100) silicon wafers of size
1 � 1 cm2 were used as substrates. After ultrasonic
cleaning in acetone and ethanol for several minutes re-
spectively to degrease, the silicon slices were immersed
into a mixture of HF and H2O2 to remove the metallic
particles absorbed on the surface and the native oxide
layer. Each procedure ended with rinsing the samples
under running deionized water and drying naturally at
room temperature. The cleaned slices were immersed
in AgNO3/HF solution for 1 to 12 minutes to synthesize
Ag catalyst, where the concentration of AgNO3 is 0.01 to
0.04 mol/L. Then, the samples were quickly transferred
into Fe(NO3)3/HF or H2O2/HF solution for 1 hour to
fabricate SiNWs. Scanning-electron microscopy (SEM
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Fig. 1. Morphology of Ag catalyst on silicon substrates
etched in AgNO3 with concentration of 0.01 mol/L for 4 min.

S-4800, Hitachi) was employed to characterize the mor-
phology of catalysts and SiNWs. The mechanism for
the fabrication of SiNWs in which Ag catalyst is pre-
pared in AgNO3/HF solution through a chemical ap-
proach has been described by Peng [11]. Redox reac-
tions, in which Ag nanoparticles act as cathodes and
silicon substrate can be considered as anode, happen si-
multaneously at the interface between Ag nanoparticles
and silicon. During the process of redox reaction, Si is
oxidized to form SiO2 compound, and then SiO2 solid
is subsequently dissolved by HF solution. At this time,
a shallow pit is formed underneath Ag catalysts. The
holes are formed gradually in the silicon substrate with
increasing chemical-etching time. Therefore, SiNWs are
formed in the silicon substrate when the walls between
holes are etched out. It can be seen that the morphology
and microstructure are very important for the fabrication
of SiNWs during the process of chemical etching. For this
reason, we systematically investigate the microstructure
of Ag catalysts and the e�ect factor for fabrication of Ag
catalysts.
In our investigation, the analysis of morphology for

Ag catalysts is clearly dependent on the deposition time.
The catalysts deposited for one minute exist in the form
of particles with a distribution of well proportioned di-
ameter and high density, and the interstitial size between
Ag particles is relatively small. The size of Ag particles
gradually increases with increasing deposition time, and
they tend to gather as clusters. The mean diameter of Ag
particle is about 100 nm during deposition for 4 minutes
(as shown in Fig. 1). When deposition time increases to
8 min, a large amount of nanoclusters and Ag dendrite
are observed.
In order to understand quantitatively the in
uence of

deposition time on the morphology of Ag catalysts and
interstitial sizes between Ag particles, statistical analy-
sis of the distribution of the interstitial size between Ag

Fig. 2. Statistical diagram of mean interstitial sizes be-
tween Ag catalysts fabricated in 0.01 mol/L AgNO3 solution
for 4 min.

particles fabricated for di�erent deposition times is car-
ried out. With increasing deposition time, the average
interstitial sizes between Ag catalyst particles vary from
58.99 nm for one minute deposition to 68.43 nm and
90.20 nm, respectively, for 4-min deposition and 8-min
deposition. Meanwhile, the density distribution of Ag
particles seems relatively proportioned and an intersti-
tial size larger than 150 nm nearly cannot be found at a
short deposition time; particles begin to become larger
at 4 min (as shown in Fig. 2). A large amount of large
particles and clusters can be found at 8-min deposition.
The reason is that the structure of Ag catalyst can vary
from particle shape to cluster or dendrite structure with
increasing deposition time, so the structure uniformity of
Ag catalysts gradually declines and the interstitial sizes
increase.
Figure 3 shows SEM cross-sectional images of Ag cat-

alysts whose microstructures vary with a change of solu-
tion concentration. From Fig. 3, it can be seen that
the morphology of Ag catalysts changes dramatically
with solution concentration. When the concentration of
AgNO3 is about 0.01 mol/L, Ag catalysts appear in a
particle shape with uniform diameter (about 100 nm).
However, a few Ag particles with a variety of shapes of
rod and antler have been fabricated at a concentration
of 0.02 mol/L. At the same time, corrosion pits are also
observed on the silicon substrate. When the solution
concentration reaches 0.04 mol/L, the silicon substrate
is etched deeply and SiNWs with a length of about 1
�m are formed. On the other hand, the higher deposi-
tion rate of silver induces quick growth of Ag particles
in the solution with higher ion concentration. A large
number of silver dendrites are formed quickly at the top
of SiNWs and tend to connect to each other to form a
network, due to the higher ion concentration in the react-
ing solution. The thickness of Ag dendrite �lm is more
than 3 �m. The dendrites are useless for the catalytic
fabrication of SiNWs in the silicon substrate and must
be reduced in the synthesis of Ag catalyst. On com-
paring our experimental results, lower concentration in
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Fig. 3. Cross-sectional views of Ag catalyst on silicon sub-
strates etched in AgNO3 with concentration of (a) 0.01 mol/L
(b) 0.02 mol/L, and (c) 0.0 4mol/L.

the reacting solution is propitious to synthesize Ag cat-
alyst �lm with a uniform microstructure and a suitable
interstitial size between Ag particles for the fabrication
of SiNWs during chemical etching.
The key problems for the chemical growth of SiNWs

are the chemical etching velocity and the reacting ac-
tivity and microstructure of catalysts. Our results show
that the reacting activity and microstructure of catalysts
are a�ected by the deposition time of Ag catalyst and the
solution concentration in chemical deposition. In order
to understand the in
uence of solution concentration of
AgNO3/HF solution on the fabrication of SiNWs, fur-
ther experiments were carried out in which the samples
were immersed into Fe(NO3)3/HF solution. SEM images
of the SiNW array indicate that there are di�erent mor-
phologies of SiNWs synthesized with Ag catalysts fab-
ricated at di�erent AgNO3/HF solution concentration.
With a concentration increase of AgNO3/HF solution,
the microstructure of the SiNW array becomes less com-
pact, and more and more Ag dendrites can be observed
on the top of the SiNW array. At the same time, longer
SiNWs have been obtained at a higher concentration of
AgNO3/HF solution. This is the same as in the SEM im-
ages of Ag catalyst fabricated at a higher concentration
of AgNO3/HF solution.
For the in
uence of deposition time of Ag catalysts

on the fabrication of SiNWs, the Ag catalysts with the
shape of dendrites form gradually with increasing depo-
sition time. There is a large amount of Ag dendrites to
be formed on the silicon substrate for a longer deposition
time, and the existence of these Ag dendrites is adverse
to the fabrication of SiNWs. On the other hand, Ag par-
ticles with smaller sizes and a dispersed distribution have
been formed at a shorter deposition time, which will in-
duce the formation of a large amount of silicon holes, so

Fig. 4. SEM image of SiNWs fabricated in AgNO3 solution
for 4 min at a concentration of 0.01 mol/L The insert is the
cross-sectional view.

that we cannot observe the fabrication of SiNWs. A well
aligned SiNW array is fabricated by using of Ag catalysts
deposited in AgNO3 solution with the concentration of
0.01 mol/L for 4 min (as shown in Fig. 4). From the
experimental results, it can be seen that suitable experi-
mental parameters used for the fabrication of SiNWs are
important in the chemical-etching process.

III. CONCLUSIONS

According to our experimental investigation, chemical-
etching technology is an e�ective and simple method for
the fabrication of SiNWs. One of the key problems for
the chemical growth of SiNWs is the synthesis of Ag cat-
alyst �lm. Di�erent microstructures and morphologies
of Ag catalyst �lm have been obtained by using di�er-
ent deposition times and concentrations of AgNO3/HF
solution. For a longer or shorter deposition time, the
morphologies of Ag catalyst are not suitable for the fab-
rication of SiNWs. Ag catalyst fabricated in 0.01 mol/L
AgNO3/HF solution for 4-min deposition time has good
morphology for the fabrication of SiNWs.
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