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Abstract: We report on the laser-oriented growth of a polymer probe with a length of hundreds microns at the end of a single mode 
fiber. It has a high L/r ratio of 250 and a very low loss of 0.31 dB in optical transmission. It can be applied as an efficient scanning 
optical source and photo-detector.   
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1.INTRODUCTION 

Scanning probe technology has been widely used for modern analysis of 
materials structures in sub-micrometric, nanometric or atomic scale. This 
technology involves mainly in sensing a variety of weak feedback signals, 
such as atomic force, electric tunneling current and optical signals. Sensing a 
nanometric particle via variations of its optical signals by a scanning probe 
have attracted numerous attentions in the past decade [1-5]. The optical 
signal obtained by applying a scanning probe optical microscope may be an 
optical feedback of photoluminescence, scattering, refraction, reflection or 
transmission [3-6]. The resolution and sensitivity depend normally on probes, 
including their dimensions, shapes and properties. The most widely applied 
and commercially available probes are metals or alloys, such as silver, gold, 
platinum, tungsten and nickel alloy. The advantages of those probes is that 
their radius can reach the order of ten nanometers, whereas the disadvantage 
is also obvious that they can only use as a local enhanced optical source in a 
refraction mode . They can be neither performed in transmission mode nor 
employed as local detectors of optical signal. In fact, they are not typical 
SNOM probes. Typical SNOM probes can be divided into two categories, 
namely aperture optical probes and apertureless optical probes, detailed 
distinction for their fabrication and function could be found in Ref [7,8]. 
They are usually involved in the integration of a micro or nano probe on the 
end of the optical fiber, which may allow them to work as micro or nano 
lens, optical sources, or detectors. Taking the application as detectors for 
instances, transmission, Rayleigh scattering, Raman scattering, surface 
Plasmon resonance, fluorescent signals may be collected directly by these 
optical probes. They may act as AFM probes as well as optical probes in 
SNOM. That is to say, they detect and feedback control the distance in a 
shear force mode and transport or detect simultaneously optical sources or 
signals. In this ways, both topographies and optical images can be obtained 
at the same time.  

In spite of  the promising application of optical probes, manufacturing a 
micro or nano probe at the very end of fiber is a complex work. During the 
past decades, numerous efforts have been made to achieve by a variety of 
research groups. The most available method is so-called mechanical pulling 
method or melt-stretched etching method [9,10]. The merit of this method is 
that a small probe radius may be obtained. Its demerit is that its optical 
transport efficiency is very low. A typical value for the optical transport 

efficiency in the order of 10-6 has been reported [11]. Low reproducibility 
and uncontrollability of the probe end shape are other obstacles for its 
fabrication. Another mostly mentioned method is chemical etching [2,12,13]. 
Matsumoto et al. [2] have developed a method to fabricate a near field 
optical fiber probe with nanometric metalized protrusion. A high optical 
transport efficiency of 5% is reported. Nevertheless, the preparation process 
is relatively complex and not easy for the manufacture in large scale. In the 
present work, we will present simple and convenient route for the fabrication 
of sub-200 nm polymer probes with symmetric end shapes integrated at end 
of a monomode fiber. Diameters, lengths and end shapes control, first results 
of optical transport efficiency by the experimental measure and  simulation 
are presented. 

2. EXPERIMENTS 

A. Photosensitive solution preparation 

The basic principle of free-radical photopolymerization method is presented 
in detail in Ref [14,15].The photosensitive solution consists of three major 
components: a photosensitive dye of eosin Y, an amine cosynergist MEDA 
and a multifunctional acrylate monomer PETIA, which is used herein as a 
solvent. 10% MEDA and 0.5% eosin Y in weight are added into the solvent 
in succession. The solution is then mixed by a magnetic force agitator for 
more than 10 hours. It is photosensitive and thermosensitive. Accordingly, it 
is usually kept at an appropriate temperature (30ºC) for further use of the 
polymer probe fabrication.  

B. Laser-oriented fabrication of polymer probe 

This solution is highly sensitive in the spectral region from 450 to 550 
nm( the maximum of absorption of eosin Y is centered at 530 nm). 
Therefore, it will polymerize after being irradiated by an argon-ion laser 
(514nm or 488nm), a frequency-doubled Nd/YAG laser (532 nm), or a 
green He-Ne laser (543.5 nm). Particularly, a frequency-doubled Nd/YAG 
laser is suitable for this system and it is applied in the present work. A 
modified experimental setup to the free-radical photopolymerization method 
[16,17] is developed, which is schematically explained in Fig. 1. A drop of 
photosensitive solution prepared above is deposited on a glass plate. The 
height of the drop can be adjusted by the amount of the solution and the 

mailto:xhzeng@iim.cn


contacting angle between the drop and the plate. A well cleaved single mode 
optical fiber with a core radius of 1.5 µm is approached the surface of the 
drop slowly, as shown in Fig.1 (a). And the capillarity forces of the small 
fiber and surface tension of the solution allow them to remain contact even 
when we raise the fiber until several hundreds microns. The green light 
coupled from a frequency-doubled Nd/YAG laser into the fiber is guided by 
the fiber core to its end, where the photosensitive formulation is totally 
around. Photopolymerization occurs firstly at the root of the fiber when a 
critical dose of light is integrated into the fiber in the other end. Owing to the 
Gaussian function formed light dispersion, a tiny polymer lens formed, as 
shown in Fig.1 (b). This lens will confine the light and permit the oriented 
polymerization. The polymer acts as a guide and finally forms an self-
assembly structured probe. After irradiation, an unpolymerized monomer 
around the polymer probe make it  possible to separate the polymer probe 
from the solution. By using a solvent of pure ethanol or a mixture of 
methanol with ethanol, the monomer around the polymer can be washed out 
[Fig.1 (c)]. The polymer probe fabricated by this method can reach 50~300 
µm in length, which is many times longer than that obtained by the free-
radical photopolymerization method reported before [18].  
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Fig. 1 Experimental setup illustrating polymer tips fabrication  

3. RESULTS AND DISCUSSION 

A. Controllable fabrication of long polymer probes structure  

Fig.2 shows a series of SEM images of polymer probes fabricated at the end 
of single mode fibers. The cladding diameter and the core radius of those 
fibers corresponds to 125 µm and 1.5µm, respectively. The exposure time t 
in this series of experiments is fixed at  2 s. The output light intensity Io 
measured at the other end of the fiber varies from 250 nw to 1000 nw. With 
the increase of output intensity Io, the length of the probe increases and the 
radius of its tip augments. Fig.2 (a)-(c) shows the length changes by using 
different output intensity, corresponding to 250 nw, 500 nw, and 1000 nw, 
respectively. By using an intensity of 250 nw, the typical length of the 
polymer probe can reach 80~100 µm while an exposure time of 2 s is 
adopted. In the example presented in Fig.2 (a), a length of 94 µm was 
measured. With the increase of Io, the fabrication process becomes more 
operable. When the incident intensity is higher than 250 nw (Io >250 nw), 
the probe fabrication process becomes more easy. With the intensity of 500 
nm, the polymer of 123 µm in length was observed (Fig.2 b). When the 
intensity is up to 1000 nw, the probe length reaches 228 µm, as shown in 
Fig.2 (c). Moreover, when the intensity is up to 2000 nw, the probe length 
reaches more than 300 µm. Nevertheless, with increase of its length, the 
probe tip tends to be easily distorted. A serious distortion is found when we 
applied an intensity higher than 2000 nw. Taking these two opposite effects 
into consideration, an output light intensity between 250 nw and 2000 nw is 
recommended as an suitable value range for the practical fabrication of the 
polymer fiber by this modified free-radical polymerization method. 
 

   
a)                           b)                           c)                              

Fig.2 SEM images showing polymer probes by applying intensity 
of 250nw, 500nw, and 1000nw. Their lengths correspond to 94 µm, 
123 µm and 228 µm, respectively. For all cases, the exposure time 
is kept the same as 2s. 

B. Optical characterization of long polymer probes 

Microscopy images that were undertaken with and without laser light 
passing through the optical fiber from the other end was shown in Fig.3 (a) 
and (c), respectively. The inset of (b) is a magnification showing a long 
super-straight structure of the polymer probe that fabricated by using 2 s and 
500 nw of laser green (λ=532 nm) for its oriented growth. The intensity for 
the characterization in Fig.3 (b) was 120 nw and the same wavelength of 
532 nm. Excepting the extremity of the probe, no apparent loss of light has 
been observed along the long distance of the polymer, as shown in Fig.3 (c). 
With the increase of light intensity, a small quantity of light loss has been 
found. For example, an output intensity of 16.3 μW was measured by using 
a input intensity of 17.5μw, i.e. a very low loss of 0.31 dB in optical 
transmission have been detected for this apertureless optical fiber probe. 
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Fig.3 A long polymer probe of 175 μm in length obtained by a free-
radical photopolymerization method showing a very low loss in 
transmission (λ= 532 nm, I0=120 nw). 
 

C. Application as photo-detector  

Using a polymer tip with length about 125 μm and tip radius of approximate 
500 nm, a sub-micrometric gold particles sample on the glass was observed. 
The detailed experimental setup has been described in the previous parts. 
We approached slowly the probe to the surface of the sample from several 
microns until that they are contacted. Optical images of a gold particle were 
obtained using a constant working distance mode. Typical images for the 
distance of 2600 nm and 800 nm are shown in Fig.4 (a) and (b), respectively. 
With the distance between the probe tip and the particle decreasing, a 
remarkable increase of resolution has been found. In Fig.4 (a), a FWHM 
value of 1077 nm was found corresponding to a distance of 2600 nm, while 
a FWHM value of 653 nm corresponded to a distance of 800 nm. Owning to 
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