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Abstract. Pentagon-shaped silicon wires with linewidth It is well known thatSiGe/Si heteroepitaxial film is very
around 300 nm are successfully fabricated by using theuseful in fabricating various silicon wires and related de-
Si/SiGe epitaxy technique, reactive ion etching, and subsevices because of its excellent properties, such as high-quality
quent selective chemical etching. The nanowires are oxidizegpitaxial growth, selective etching, and thermal oxidation.
in wet O, at 750°C and 850°C. The oxide and interface Recently, formation of silicon quantum wires with the phys-
morphology are characterized by cross-sectional scannirigal boundaries ofSiO, based on &aSiGe heterostructure
electron microscope images. It is found that the oxidizedhave been reported [4]. Here, we describe the fabrication
nanowire following oxidation a750°C still keeps its pen- and oxidation of pentagon-shap&d nanowires. This pro-
tagon shape even if it has been oxidized I6rh However, cess was done by first growing a high-quaiySi;_xGey/Si

the oxidized samples 850°C become circular in shape. The heteroepitaxial film on &i substrate by very low pressure
oxidation-temperature dependence of the sample shapesdsemical vapor deposition (VLAZVD), followed by lithog-
discussed. Our results should be useful in generating silicoraphy and reactive ion etching to form trench structures.
nanowires coated witlsiO, in microelectronic technology Subsequently, the selective chemical wet etching with a so-

with careful selection of th&i0, growth temperatures. lution of HNO3:CH3;COOHdiluted HF was used to remove
the Si;_xGe layer and form pentagon-shaped silicon wires.
PACS: 85.42; 81.15; 81.60 Finally, thermal oxidation in weD, was carried out and

the oxide morphology was characterized by scanning elec-

tron microscopy (SEM). The thermal oxidation of pentagon-
Field-effect devices havin®iO,-coated silicon nanowires shaped wires will be discussed.
acting as trenches have recently received great attention, since Figure 1a is a schematic of a pentagon-shaped silicon
new physical phenomena with applications in future verywire structure. The structure was generated as follows. The
large-scale integration (VLSI) devices are expected [1, 2]silicon substrate was é.00)-oriented p-type silicon wafer
Transport properties in these devices depend on the size andth a resistivity of25-50Q cm. First, aSi/SiGe/Si layer
shape of the silicon wires. As a result, study of the thermalas deposited on the substrate by V¥ D with SiH, and
oxidation of silicon nanowires of various sizes and shapeszeH, as the gaseous sources. It started witlsigbuffer
as a key process in fabricatif®iO,-coated silicon nanowire layer of 100 nm followed by a gradedsi;_xGe, layer of
field-effect devices, is very important. 200 nmwith the Ge contentx decreasing linearly from 0.2

Up to now, much interest has been focused on the oxidae 0. High-quality superficial silicon layer was deposited

tion of silicon cylinders. Early work was done by Kao et al. on top of these strain adjusting layers. Then, masks with
with silicon cylinder diameters larger thdrnum [3]. Oxida-  line-and-space patterns parallel to {110 direction were
tion of silicon cylindrical structures has also been studied byithographically defined on theSi/Si;_xGe,/Si epitaxial
J.L. Liu et al. with silicon wire linewidths ranging froa0 nm  film. The trench structures were generated by reactive ion
to 250 nm[4], and by H.I. Liu et al. with silicon columns of etching usingSFs gas. Next, the substrate was dipped into
dimensions belowt0 nm[5]. In addition, other authors have HNO3:CH3COOHdiluted HF in order to create the sili-
studied oxidation of triangle-shaped silicon nanowires [6, 7]Jcon nanowires. Note that the selective chemical etchant
All these works have provided a controllable way of definingHNO3:CH3;COOHdiluted HF was very effective in reducing
the size and shape of silicon nanowires, which is very usefubiGe nanostructures, and a higher etch rate is obtained by
in fabricating expected silicon nanowire field-effect devicesincreasing th&e content in theSi;_Ge, layer [8]. As a re-
At the present stage, there is still an urgent need to obtaisult, for the present grad&l_«Ge layer, the etch rate at the
oxidation results for silicon nanowires of other shapes. bottom layer of theSi;_xGe, is higher than that at the upper
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Fig. 1. a Schematic of pentagon-shaped silicon wirbsCross-sectional
SEM image of as-etched pentagon-shaped silicon nanowires prepared
the selective etching

layers, and after a suitable etch time, pentagon-shaped silict
nanowires can easily be obtained.

Figure 1b shows a cross-sectional SEM image of as
etched pentagon-shaped silicon nanowires prepared by sele
tive etching. Here, the ratio of tHe8NO3:CH3;COOHdiluted
HF etchant is chosen as 40:15:1. The pentagon-shaped si
con wires were formed by dipping tI8#/Si;_xGe,/Si trench
structure in the etchant fa20 s As can be seen, the wires are
smooth and isolated from the substrate.

Figure 2 shows a cross-sectional SEM image of the oxi
dized samples produced in wet oxidation at {&D°C after
19 h (b) 850°C after6 h, and (c)850°C after12.5 h. Here,
protective polycrystalline silicon deposited by the VIGR/D
reaction appears as the outer layer in order to distinguis
clearly between the oxide and interface morphology. As cal
be seen in Fig. 2, the nanowires oxidized 7&0°C still
keep the same shape as the initial pentagon even thou
the linewidth decreased dramatically aft€rh However, the 1 28
sample oxidized &850°C becomes circular in shape afteh. Fig. 2a—c.Cross-sectional SEM image of the oxidized pentagon-shaped sil-
When the oxidation time is increased1a.5 h (Fig. 2c), the  icon wires prooduced in wet oxidation at750°C after 19 h b 850°C after
diameter of the wire is reduced 40 nm 6h, andc 850°C after 125h

These oxidation characteristics seem interesting, and mafie wet oxidation of pentagon-shaped silicon wiregs1°C,
be understood by considering the stress effect in the oxidaronplanar deformation of the oxide at the corners causes
tion. The underlying mechanism in a wet oxidation of silicona stress normal to the interface and a tensile stress parallel to
is the diffusion of oxidant through the already-formed oxidethe interface. On the one hand, it is the local normal stress
layer to react withSi at the interface and forn$iO,. For  on the local solubility of oxidant it5iO, and the surface re-
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200 200 graphs. Figure 3 shows the oxide thickness and linewidth as
180‘3 o ] 180 a function of the oxidation time for (8850°C, where the left
+ . vertical axis is the oxide thickness on the silicon wires and the
__160F o 1160 € right vertical axis is the diameter of the silicon wires, and (b)
E 140 X © 4140 = 750°C, where the left vertical axis denotes the oxide thick-
- - o ; § ness on the upper side of the pentagonal silicon nanostructure
g 1201 o S Eameter of Siwire 1120 = and the right axis denotes the linewidth of the upper side of
$100F O O Oxide thickness {100 @ the pentagon. As the oxidation progresses, oxidation retar-
S @ ) o dation of silicon wires is observed at the two temperatures.
] 80 [ o) i 80 % The retardation of oxidation depends strongly on the oxida-
3 60 {60 § tion temperatures. Itis more pronounce@s®°C. After 19 h
40 [ o A 40 [ of oxidation at750°C, the retardation rate of t_he linewidth
i ! becomes extremely small. This phenomenon is not observed
202 - ; . é L é : 1'0 . 1'2 . 1420 for wet oxidation aB50°C, and it is confirmed that all the cir-
cular wires vanish aftel6 h The trend of the oxide thickness
a Oxidation Time (hour) data shows that th8iO, growth rate decreases with the in-
crease in the oxidation time for the two temperatures and the
oxide thickness appears to saturate to an asymptotic value of
60 O 4260 180 nmin both cases. o
| | In summary, we have reported on the fabrication and wet
240 b TZWLQ , o {240 £ oxidation of pentagon-shaped silicon nanowires. The fabri-
€ [m] 6:;:'::?;::;: " | £ cation process consists &i/Si;—xGe;/Si epitaxy, reactive
£ 220} 4220 § ion etching, and subsequent selective chemical etching. The
a s o) 4 > nanowires are oxidized in wet oxygen#80°C and850°C,
€ 200 200 E and the oxide and interface morphology are characterized by
S - . § SEM. Itis found that the oxidized nanowire followifg0°C
E 180 | 8 1 180 g oxidation still keeps the pentagon shape even if it has been
2 i o 1 "=§’ oxidized for19 h However, the samples oxidized &0°C
O 160 1160 @ become circular afte6 h. The behavior of the oxidation at
[ 1 3 750°C and 850°C shows that as the oxidation progresses,
wor o M0 oxidation retardation of silicon wires is observed at these
4 6 8 10 12 14 16 18 20 temperatures. Moreover, the retardation of oxidation depends

b on the oxidation temperature. The lower the temperature is,
the more pronounced is the observed retardation. In addition,

Fig. 3a,b. Oxide thickness and linewidth as a function of the oxidation time the oxide thickness appears to saturate to similar asymptotic
for a 850°C, the left vertical axis is oxide thickness on the silicon wires values in both cases

and the right vertical axis is diameter of silicon wires, @and@50°C, the
left vertical axis denotes oxide thickness on the upper side of the pentagon
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