
Controllable fabrication of fiber nano-tips by dynamic chemical etching
based on siphon principle

Ning Gu,a) Chang-an Li, Long Sun, Zhan-hui Liu, Yong-kang Sun, and Li-na Xu
Research Center for Nano-scale Science & Technology, National Laboratory of Molecular
and Biomolecular Electronics, Southeast University, Nanjing 210096, People’s Republic of China

(Received 19 February 2004; accepted 14 June 2004; published 6 October 2004)

A dynamic chemical etching method based on siphon principle has been developed for controllable
fabrication of fiber nano-tips, which could be used in near-field optical microscope and optical
nanosensors. Compared with traditional static chemical etching, this method has advantages such as
reproducibility, controllability, convenience, less cost, and making tip surface smooth. The overall
shape and the tape angle of the tip can be effectively controlled through the speed and direction of
water flux. Tips with taper angles from 20° to 55°, and tips with double tapers have been achieved

by this method.© 2004 American Vacuum Society.[DOI: 10.1116/1.1781185]
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I. INTRODUCTION

The near-field optical microscope(NFOM) has attracte
great attention in the past one and half decades because
obtain resolutions beyond the diffraction limit ofl /2 and ha
unique applications in the fields of materials scien1

biology,2 nano-optics,3 and nanofabrications.4 Typically,
these techniques utilize a sharp tapered and metal-coa
ber tip with an aperture of dimension less than 150
which scans across the sample surface and delivers o
lects light from the sample. It is well known that the reso
tion of the NFOM is not limited by diffraction principle, b
by the apex size of the tip, the smaller the tip size, and
higher resolution. On the other hand, the taper angle o
tip remarkably influences the optical transmission efficie
which is another crucial factor to NFOM. It has been th
retically calculated and experimentally demonstrated
tips with parabolic shape and taper angles ranging from
to 50° can obtain high resolution as well as high transmis
efficiency.5,6 For example, transmission coefficient of 1−3

has been obtained with a taper angle of 40°.7 Moreover, min-
iaturization of optical fiber chemical and biochemical sen
for in vivo measurements in a living cell has been trigge
by the improvement of the fabrication technique for fiber
in near-field optical microscopy.8,9 A well-defined fiber tip
also plays a very important role in these optical nanosen
that is, it not only serves as a channel of the incident
wave that induces the photopolymerization at its distal
but also acts as a submicron detector penetrating into a
cell.

At present, there are some methods to fabrication of
tips, such as chemical etching,6,7,10–15 laser heating an
pulling,16 microfabrication,17 and so on. The chemical etc
ing method is the most intensively studied one among t
because it has advantages over other methods in vie
reliability and large taper angle of the tip. Different shape
optical fiber tips have been achieved by the chemical etc
method.6,7,10–15However, it has long been considered that
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poor reproducibility of tip fabrication is a major techni
difficulty in this field, which results in few of them bein
commercially available. Tip fabrication remains of much
terest to researchers in the area of near-field optics.

In this article, a simple, reproducible and low cost o
step dynamic chemical etching method based on the s
principle has been developed for controllable fabricatio
fiber nano-tips, which can be used in NFOM and op
nanosensors. Tips with taper angles from 20° to 55°, and
with double tapers have been achieved by this method.

II. METHODS

A basic model of the experimental setup based on
siphon principle is depicted in Fig. 1. The basic frame of
setup is two beakers connected with a bent glass link
with a valve. The heart of this device is a container wi
Teflon beaker containing aqueous 40% hydrofluoric aci
its top and a magnet fixed at its bottom. The containe
partly immersed in water in the left beaker and filled w
sand to restrain vibration. Another opposite magnet is fi
at the bottom of the left beaker. Thus, owing to the magn
interaction, the etching solution with the container can
move perpendicularly without horizontal movement in
etching process. The flux of water results in the fiber rela
movement while etching can be adjusted by tuning the v
in combination with the difference of water level betw

l:

FIG. 1. Schematic of the experimental setup.
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the two beakers. A screw micrometer was fixed just ove
Teflon beaker used to hang the fiber and to control the le
of the fiber immersed in the acid.

Single mode optical fibers with 8mm core doped b
GeO2 and a 125mm pure SiO2 cladding (Yangtze Optica
Fibre and Cable Company Ltd., P. R. China) were used in
our experiments. The acrylate jacket of the fiber was strip
by mechanical method after being softened in trichloret
ene for 15 min. Then, the fiber was rinsed thoroughly w
absolute ethanol in order to eliminate any residue on its
face. Next, the fiber distal end was perpendicularly imme
into the etching acid at a depth of 5 mm. A 2-mm-th
isooctane layer covered the surface of etching acid in o
to reduce evaporation and to protect the fiber sidewall
being etched. The optical fiber moved relatively upward
downward by controlling the direction of water flux betwe
the two beakers while etching. After 60 min, the fiber w
removed from the etching acid and rinsed thoroughly
double distilled water and absolute ethanol, respecti
Consequently, a tip was formed and subsequently char
ized by scanning electron microscopy(SEM). All the experi-
ments were carried out at a temperature of 25±1 °C.

III. RESULTS AND DISCUSSION

By adjusting the water level difference between the
beakers and the direction of water flux, tips with taper a
from 20° to 55° and apex diameter from 20 to 300 nm h
been achieved in our initial experiments. Figure 2(A) shows
a magnified SEM image of a large taper fiber tip apex re
using this method. As can be seen, the taper angle an
apex diameter of the tip are larger than 50° and less
60 nm, respectively. It also can be seen from Fig. 2(A) that
the well-known surface roughness problem of the tradit
ally static chemical etching method has been avoided b
method. Interestingly, double-taper tips can also be f
cated using this method by moving the fiber at special sp
during etching[see Fig. 2(B)]. It can be seen in Fig. 2(B) that
the first taper has about 70mm length with the taper ang
about 60° and the second has about 30mm length with tape
angle about 30°. The inset magnified SEM image in
2(B) indicates that the apex diameter of the tip is less
30 nm. Up to now, such a short, double-taper fiber tip ha

FIG. 2. SEM images of fiber tips(A) with large taper angle,(B) with double
tapes. The inset is the magnified SEM micrograph of the tip apex reg
been realized by one-step chemical etching method. Accord
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ing to the literatures,5,6 these two kinds of tips can provi
high resolution and high optical transmission efficiency.

The basic principle of chemical etching technique for
formation is briefly depicted as follows. Owing to the diff
ence in the surface tension between the etching acid an
protect layer, a meniscus was formed between the liq
solid interface when a fiber was immersed into the etc
acid. The meniscus height was a function of the remai
fiber diameter. During etching, a symmetrical taper
formed at the center of the fiber because the height o
meniscus decreased while the fiber diameter was reduc
the etchant. But in traditional static chemical etching,
taper angle is only determined by the organic protect la
No tip with taper angle larger than 41° has been achieve
traditional static chemical etching according to reports.13 In
dynamic chemical etching, the tip length and the taper a
are drastically affected by the relative upper limit of the
sition of the meniscus on the fiber and the difference betw
the highest meniscus height during etching and the heig
the end of the etching.7,14 Therefore, ideal fiber tips can
obtained by tuning these two parameters during the dyn
chemical etching process.

In our experiments, the optical fiber was moved relati
upward or downward due to the water flux between the

FIG. 3. SEM images of fiber tips made with(A) upward movement,(B)
stationary, and(C) downward movement during etching; all other exp
mental conditions are the same.
-beakers based on the siphon principle. The movement
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changed both the position upper limit and the height di
ence of the meniscus and thus efficiently led to the varia
of the tip length as well as the taper angle of the tip. O
ously, the speed of the fiber movement relative to the etc
fluid was crucial to the ultimate shape of a fiber tip. T
speed could be controlled by adjusting the valve comb
with the water level difference between the two beaker
stead of an expensive programmable motor drive used i
other dynamic chemical method. Therefore, this metho
convenient and the experimental cost is negligible comp
with others.

In our practical experiments, the valve was adjusted t
appropriate scale before etching and was kept uncha
while the water level difference between the two bea
varied. Therefore, the water level difference at the begin
of etching would determine the speed of the fiber movem
and be key factor in the ultimate tip shape. Moreover,
water level difference changes with the water flux. Co
quently, the speed of the fiber movement is not fixed
varies during the etching process. This is the most dis
advantage that this dynamic chemical etching method
pared to other dynamic chemical etching method.7,14 Prob-
ably, it is the main reason why we can produce double-
tips in one-step dynamic chemical etching.

The direction of water flux is also an important facto
the ultimate shape of the fiber tip. When water flowed f
the left beaker into the right one, the container desce
and the fiber moved upwards relatively, which induced
upper position of the meniscus fell on the fiber and form
longer taper7 [Fig. 3(A) ]. By contrast, if water flowed from
the right beaker into the left one, a tip with short taper len
was produced[Fig. 3(C)]. The results are very consiste
with the literature.7,14 For comparison, a fiber tip produc
by static chemical etching is also exhibited in Fig. 3(B).

In summary, a simple and effective dynamic chem
etching method has been developed for fabricating
quality fiber tips that can be used in NFOM and opt
nanosensors. The shape and taper angle of the tips co
JVST B - Microelectronics and Nanometer Structures
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controlled efficiently through controlling the speed and
direction of the fiber movement by regulating the water
between the two beakers. Tips with various taper an
(20°–55°), and tips with double tapers have been achieve
this method.
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