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ABSTRACT

This paper presents a chemical etching method for fabricating 
probe tips used in scanning near-field optical microscopy. The 
fiber tip is sharpened by the gradual reduction of the etchant 
meniscus height that is associated with the decrease of the tip 
diameter during etching. Control of final tip geometry by adjusting 
the physical properties of the etching medium is discussed. In 
addition, we report a novel parallel-etching technique that allows 
control of the final tip angle by modifying the boundary condition 
of the meniscus. Tip angle can be adjusted from 7° to 22° by 
simply controlling the gap distance between fibers and number of 
fibers etched.  

INTRODUCTION

Scanning near-field optical microscopy (SNOM) is a 
promising imaging technique that is not limited by diffraction 
since it’s probe works in close proximity to the surface and images 
the sample point-by-point with resolution that cannot be achieved 
by classical optical microscopy. The technique not only allows 
high spatial resolution but also maintains useful contrast 
mechanisms, such as fluorescence and polarization, in optical 
microscopy. After the first demonstration of SNOM in 1984 [1], 
the technique has been applied to various areas, such as 
photopatterning of monomolecular films [2] and detection of 
single fluorescence molecules [3]. 

As in other forms of scanning probe microscopy, the probe tip 
is the main factor that determines the quality of the images. The 
probe tip has to be precisely formed in order to optimize the 
system performance according to their applications [4]. Presently, 
the fiber probe tips are fabricated by i) chemical etching in a bulk 
etchant or at the etchant-solvent interface [5] or ii) a heating and 
pulling method with a commercial micropipette puller [6]. The 
heating and pulling method generally produces long tips with 
small tip angles, which is often undesirable due to low optical 
transmission [7]. The chemical etching method is undoubtedly the 
simplest and the most inexpensive optical fiber tip sharpening 
method, while still allowing for high optical transmission. 
However, the relationship between the tip angle and etching 
parameters (e.g. nature of etchant, choice of organic solvent and 
etching temperature) is not clear, and there is no technique that is 
both simple and effective that can control the final tip angle over a 
large range. 

In this report, we present a technique based on a theoretical 
model that can be used to fabricate optical fiber tips with desired 
geometries. A capillary rise experiment was performed to measure 
the surface tension and contact angle at the interface to verify the 
model. Adjustment of the fiber tip angle by controlling the 

physical properties of the etching medium is discussed. Moreover, 
control of final tip geometry was demonstrated by etching multiple 
fibers in parallel with different gap distances between fibers and 
the number of fibers etched at the same time.  

PRINCIPLE OF TIP FORMATION

The typical chemical etching process for fiber tip formation at 
the interface is shown in figure 1. The fiber is immersed into a 
stack solution of etchant and etchant-insoluble organic solvent. 
The etchant wets the fiber surface with an initial meniscus height. 
As etching proceeds, the upward pulling force resulting from 
surface tension decreases due to the reduction of the fiber radius in 
contact with the etchant. Consequently, the meniscus height 
reduces progressively until the portion of the fiber below the oil is 
completely etched, forming the tip. 
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Figure 1. Schematics illustrating the formation of a fiber 
tip.

Therefore, the final tip profile can be determined according to 
the relationship between fiber radius and meniscus height, which 
can be derived by solving the Young-Laplace equation (equation 
1) in the axisymmetric case with appropriate boundary conditions  
(equation 2) (figure 2). 
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Figure 2. The static meniscus on a circular cylinder immersed into 
a solution. 
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The equation has been solved both numerically [8] and 
analytically [9]. Equation 3 shows the first order approximate 
solution of the meniscus profile solved by the matched asymptotic 
expansions method [10]. The normalized meniscus height is given 
by equation 4: 
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where x and y are the coordinates, ∆ρ is the density difference 
between etchant and solvent, g is gravity, σ is surface tension, φ is 
the angle between the meniscus and x axis (π - contact angle) (c = 
sinφ), r0 is the fiber radius, z = y/r0 and r = x/r0 are normalized 
parameters describing the geometry, l0 = (σ/ρg)0.5 is the capillary 
length, ε = r0/l0 is the perturbation parameter for solving the 
equation, and γ  is the Euler’s constant (0.5772). Figure 3 shows 
meniscus profiles for different fiber radii. The final tip geometry 
can be estimated by joining the upper ends of the meniscus 
profiles. 
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Figure 3. Meniscus profiles for different fiber radii. 

TIP ETCHING

Optical fiber tips were fabricated by etching single mode 
optical fibers with cladding diameters of 125µm (F-SA, Newport 
Corporation). Roughly 2cm of the polyacrylate coating at the distal 
end was stripped away and the fiber was cleaned with acetone and 
DI water. The fiber probe was perpendicularly immersed into the 
etchant-solvent stack solution. The etchant and organic solvent 
used in the experiment were hydrofluoric acid (49%) and silicone 
oil, respectively. All the etching experiments were carried out at 
room temperature. 

Figures 4a shows a series of fibers at intermediate stages 
during etching. The taper region gradually extends as the etching 
proceeds until formation of the fiber tip. Etching rate of fiber 
cladding in 49% HF can be estimated from figure 4b, which gives 
a value of 3.3µm/min. A typical etching process required less than 
40min. 

It is clear that the final tip shape is governed by the density 
difference, surface tension and contact angle at the interface. 
Density difference can be easily obtained, but the surface tension 

and contact angle are not available. To verify the model, we 
measured the surface tension by performing a capillary rise 
experiment and directly observed the contact angle at the interface 
(Fig. 5). Surface tension at HF-silicone oil interface and the 
contact angle were estimated to be 0.047N/m and 17°,
respectively. Figure 6 shows the predicted tip profile based on the 
theoretical model using the aforementioned surface tension and 
contact angle measured values. Good agreement was obtained 
when the predicted tip profile was compared to an etched fiber tip. 
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Figure 4. (a) Fibers at intermediate stages during tip 
formation. (b) Diameter of fiber end as a function of 
time.
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Figure 5. (a) Schematic of the capillary rise experiment. 
(b) Meniscus inside a glass capillary. 

TIP ANGLE CONTROL 

From equation 4, it is found that a dramatic change in surface
tension and the density difference has minimal effect on the 
meniscus height because of the logarithm in the equation.  The 
physical reason is that the meniscus height is governed by the force 
balance between the surface tension force and the weight of the 
etchant fluid entrained along the fiber surface. A slight rise of the 
meniscus height results in a rapid increase in the volume and 
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weight of the etchant fluid that must be balanced by a dramatic rise 
in surface tension force. Conversely, a small increase in surface 
tension and density difference has little effect on the meniscus 
height due to the relationship between height and weight. The 
meniscus height is sensitive to the change in contact angle at the 
interface. This is because the contact angle directly affects the 
meniscus profile and the volume and weight of the etchant.  Hence 
the meniscus height and the final tip profile critically depend on 
only the contact angle. 
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Figure 6. Comparison of tip profiles.  Profile 
calculated based on the theoretical model with surface 
tension and contact angle determined in the capillary 
rise experiment. • Profile measured from an etched fiber 
tip. Insert: Photography of an optical fiber tip. 

Figure 7. Illustration of meniscus profiles under 
different boundary conditions.

(a) (b) 

Figure 8. (a) V-groove for parallel-etching experiment. 
(b) Schematic showing alignment of fibers by v-groove. 

Based on the model, optical fiber tips can be fabricated with 
desired geometries by adjusting the physical parameters that 
determine the force balance in the system, such as surface tension, 
density difference of etchant and solvent, and the contact angle of 
the liquid-liquid interface. These parameters can be altered by 

changing the organic solvent [5], HF concentration [11], or 
etching temperature [12]. Replacing the organic solvent allows for 
a relatively large range of achievable tip angles; however, there is 
no general rule for the choice of organic solvent to fabricate an 
optical fiber with specific tip angle. The contact angles at such 
solvent-etchant interfaces are generally not available. On the other 
hand, more control of the fiber tip angle can be accomplished by 
fine-tuning the etchant concentration and etching temperature. To 
the first order approximation, the change in fiber tip geometry can 
be estimated by only the change in contact angle. Consequently, 
one can use the model to predict the fiber tip profile under 
different etching conditions, such as an increase in etching 
temperature or etchant concentration. The dependence of surface 
tension under such conditions is given by thermodynamic theory 
and the relationship between surface tension and contact angle is 
related by Young’s equation. These relationships can be used to 
estimate the effect of varying the etching conditions on the final tip 
geometry.  

 PARALLEL-ETCHING 

Although our model allows for predictable fabrication of fiber tips, 
the tip characteristics are sensitive to variations in the experimental 
conditions. It is valuable if we can have a simple, repeatable and 
controllable method to fabricate fiber tips with a large range of tip 
angles. Insight can be obtained by reconsidering the Young-
Laplace equation. There are two boundary conditions for the 
ordinary differential equation. Adjusting the contact angle by 
changing the etching conditions represents modification of the first 
boundary condition at the three phase interfacial region. On the 
other hand, the second boundary condition assumes that the 
meniscus extends to infinity without interacting with the other 
boundary. We propose to alter the meniscus profile and meniscus 
height by introducing a second physical boundary. This opens new 
opportunity for controlling the tip angle through an easy and 
efficient method. 

Figure 7 illustrates the effect of immersing multiple glass 
tubes into a solution on the meniscus profile. The meniscus profile 
was modified and a larger meniscus height was observed. To 
implement the idea for fiber tip etching, multiple fibers were 
aligned and etched in parallel. The fibers are positioned with 
precise gap distances by using v-groove structures etched by KOH 
(figure 8).  
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Figure 9. Position dependence of tip angle in parallel-
etching.
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In parallel-etching, meniscus height is governed by the force 
balance of surface tension and the weight of the etchant pulled up 
on the fiber surface. The upward pulling force is proportional to 
the number of fibers immersed into the stack solution while the 
weight of the pulled etchant depends on the number of fibers and 
gap distance. In general, reducing the gap distance and increasing 
the number of fibers increases the meniscus height. It is also 
observed that there is a moderate dependence of fiber position on 
the tip angle (Figure 9). This is because there are only a finite 
number of fibers immersed in the solution and the meniscuses on 
the end-most fibers have different boundary conditions than those 
in between fibers. By using parallel-etching, the cone angle can be 
adjusted from 7° to 22° by simply changing the number of fibers 
and gap distance  (Fig. 10 and 11). Compared to other fiber tip 
fabrication methods, this novel parallel-etching technique is simple 
and reproducible.  

Figure 10. Tip angles of fibers etched under different 
conditions. 

500µm

Figure 11. Photographs of optical fiber tip etched under 
different conditions.

CONCLUSIONS

A chemical etching technique was developed for fabricating 
scanning near-field optical microscope probes. The mechanism of 
the etching process was verified with an independent experiment. 
We also described a novel technique for controlling the tip angle 
by etching multiple fibers in parallel. It is foreseeable that the 
method will extend to other configurations such as array-etching 
and concentric-etching with other boundary materials. A large 
selection of materials with different surface properties will 
generate opportunities for fabricating fiber tips with superior 
performance for new applications. 
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