
*Corresponding author’s e-mail: wmaisarah@usim.edu.my 

ASM Sc. J., 12, 2019            

https://doi.org/10.32802/asmscj.2019.276  

 

Identification of Near-Field and Far-Field Using 
Confocal Microscopy Setup for Optical Sensing 

Applications 
 

W.M. Mukhtar1,2*, N.Z.M. Zulkifli1 and R.M. Halim3 

 
1
Applied Physics Programme, Faculty of Science and Technology,  

Universiti Sains Islam Malaysia (USIM), 71800 Negeri Sembilan, Malaysia 

2
Frontier Materials Research Group (FMRG), Faculty of Science and Technology,  

Universiti Sains Islam Malaysia (USIM), 71800 Negeri Sembilan, Malaysia 

3
National Metrology Institute of Malaysia (NMIM), SIRIM Berhad,  

Bandar Baru Salak Tinggi, 43900 Sepang, Selangor, Malaysia 

 

The presence of near-field indicates the existence of evanescent waves, which is one of the 

important requirements for the development of an optical sensor. This study was carried out to 

identify the presence of near-field and far-field as monochromatic light propagated through 

various structures and sizes of apertures. The confocal microscopy setup consisted of He-Ne laser 

with 633nm of excitation wavelength, apertures (slits and numerous sizes of pinholes), objective 

lens, projected screen and silicon photodetector. The near-field and far-field were determined by 

calculating the Fresnel number, FN as assorted size and design of apertures were added in the 

setup. The presence of far-field was identified with the usage of slits (single slits and double slits) 

represented by the value of FN, which was less than 1(FN<<1). As the aperture was replaced with 

pinholes with diameters within 30μm and 1.2mm, the near-field was resulted (FN>>1). Value of FN 

became greater as distance x between lens and pinholes increased. We also discovered a significant 

finding where the field intensities I were decreased with increment of distance x for the near-field, 

and vice versa (far-field). By using an extrapolating technique, it was found that the near-field can 

be created by using pinhole with a diameter of a<1.46mm. In conclusion, the discovery of this work 

proves an excellence role of pinholes in confocal microscopy setup in creating the evanescent waves 

for optical sensing applications. 
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I. INTRODUCTION 
 

Scanning near-field optical microscopy (SNOM or NSOM) 

is at the spearhead of today’s technology due to its 

impressive potential in nanoscanning applications (Kawata 

et al., 2001; Szymanski et al., 2005).  This microscopy 

technique breaks the far-field resolution limit by utilizing 

the characteristics of evanescent waves. In SNOM, the 

excitation laser light is focused through an aperture with a 

diameter smaller than the excitation wavelength, resulting 

in an evanescent field (or near-field) on the far side of the 

aperture. The ability of nanoscanning mainly influenced by 

the probe’s structure such as conical taper dimension and 

surface roughness, types of coating materials and 

fabrication techniques (Mukhtar et al., 2012; Zhang et al., 

2016; Urrutia et al., 2016; Kharat et al., 2006; Huo et al., 

2006). In far-field optical microscopy, the object is 

illuminated by a monochromatic plane wave. The 

transmitted or reflected light, scattered by the object in a 

characteristic way, is collected by a lens and imaged onto a 

detector (Xie et al., 2014). Diverse types of applications in 

SNOM have been developed such as far-field illumination 
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and far-field detection, near-field illumination and far-field 

detection, far-field illumination and near-field detection 

and near-field illumination and near-field detection 

(Novotny & Hecht 2006).  

To make these applications successful, optical fibre 

probes are fabricated using several types of techniques. 

Few common fabrication techniques of probes are heating-

and-pulling (Halip et al., 2016; Harun et al., 2013; 

Mukhtar et al., 2010; Musa et al., 2016), chemical etching 

(Cao et al., 2017; Chen & Shen 2016) and combination of 

heating-and-pulling and chemical etching (Mukhtar et al., 

2012a; Chen et al., 2014). Chemical etching is a very 

interesting method because it can produce a considerable 

number of identical tips for batch fabrication (Hecht et al., 

2000). The main drawback of this method is the 

production of rough surface on the tapered part. The heat-

and-pull technique results in a smooth conical tapered 

surface (Mukhtar et al., 2012b). Unfortunately, this 

technique enables to produce identical tips since the 

fabrication process is limited to one fibre for each run. 

Among these techniques, the combination method is more 

favourable due to its potential in fabricating identical tips 

and smooth tapered area. To avoid light propagation loss 

from fibre tapered area to the environment, metal thin film 

such as aluminium, silver and gold are coated on the 

conical taper area by using thermal evaporation, electron-

beam (e-beam) evaporation or by sputtering technique 

(Namenko et al., 2014; Tao et al., 2016; Yu et al., 2016).  

 

 

Figure 1.  Optical microscopy viewed as a generalisation 

of confocal microscopy. The presence of near-field 

indicates the existence of evanescent waves which can be 

used for sensing application in detecting the targeted 

sample (Novotny & Hecht 2006) 

 

Besides the application of optical fibre probe, the near-

field can also be created by employing a confocal 

microscopy setup which is less costly and much simpler 

than probe’s fabrication. Confocal microscopy is a 

technique that is applied in the scientific discipline by 

irradiates the targeted sample with focused light originating 

from a source and directs the response from the sample 

onto a pinhole (Novotny & Hecht 2006). Light from a laser 

source is spatially filtered by sending it through an 

aperture. After propagating through the aperture, light is 

collimated by a lens, as shown in Figure 1. Size of aperture 

plays a significant role in yielding the near-field or far-field. 

The existence of near-field indicates the presence of 

evanescent waves which is one of the important criteria in 

optical sensing (Eleftheriades et al., 2008; Maliakal et al., 

2016; Ton et al., 2015). As the targeted sample or analyte is 

located in the near-field region, the detector will detect the 

change in refractive index sensing properties of the optical 

system.  

This study was carried out to identify the presence of 

near-field and far-field for future applications in optical 

sensing. Firstly, the diffraction pattern from various size 

and structures of apertures such as slits and pinhole were 

observed. Next, the properties of beam spot size, the 

distance between each fringe and the intensity of field were 

investigated. The identification of near-field and far-field 

relied on the value of Fresnel number, FN. The main finding 

of this work indicates the potential application of pinhole in 

confocal microscopy to generate an evanescent wave in the 

near-field region for sensing application. The output of this 

study can be used as an indicator to estimate the 

appropriate diameter size of fibre tips for detection purpose 

based on pinhole’s size. We believe that this discovery will 

contribute to the development of the less costly and high 

sensitive optical sensor. 

 

II. METHODS 
 

A helium-neon laser (Brand: LASOS) with an excitation 

wavelength of 633nm and a maximum power of 1mW was 

used as a light source. The optical apertures such as single 

slits, double slits and assorted sizes of pinholes (30μm, 

0.8mm, 1.0mm and 1.2mm, (Brand: Edmund Optic)) were 

positioned between laser and lens. The distance between 

pinhole and lens, x was varied between x=5 cm and x=50 cm 

with an increment of 5cm for each measurement. For light 
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collimation purpose, two types of the objective lens with a 

focal length of f=20mm and f=100mm were located on the 

rail bench between pinhole and screen. The images 

represented by diffraction patterns (fringes) appeared on 

the white screen. Based on that observation, the distance 

between one fringe to another fringe was determined.  

To study the standard properties of light propagation such 

as field intensity and a number of fringes, the experiment 

was started without the presence of apertures.   The fringes 

image on the projected screen was captured by using a 

digital camera. Next, the apertures were inserted between 

the laser and lens to observe the diffraction patterns. The 

diffraction images, which consisted of a series of fringes, 

were analysed. The power intensity of the image was 

detected and recorded by using a silicon photodetector and 

optical power meter, respectively (Brand: Newport).  

  

 

Figure 2.  Experimental setup for determination of near-

field and far-field regions through numerous sizes of optical 

apertures 

 

When an optical wave is transmitted through an aperture 

on an opaque screen, the diffraction patterns represented 

by intensities distributions were observed. The diffraction 

pattern might change significantly from the aperture 

shadow depending on the distance between the aperture 

and observation plane, the wavelength and the dimensions 

of the aperture. There are two types of diffraction pattern 

which are known as Fraunhofer diffraction (far-field) and 

Fresnel diffraction (near-field). The presence of the near-

field and the far-field was determined by calculating the 

value FN as expressed in Equation 1; 

 

𝐹𝑁 = 𝐴/𝜆𝑧   (1) 

 

 

Where; 

 A = an area of circular image with r is the radius of the 

circular image 

λ = 633nm represents light excitation wavelength 

z = the distance between aperture and screen 

 

If FN>>1, the regions can be classified as near-field region. 

The far-field approximation is valid if the propagation 

distance between the aperture and observation planes is 

large, which results in FN<<1 [28, 29]. To determine the 

maximum size of aperture for the presence of the near-field, 

a graph extrapolation technique was performed. 

 

III. RESULTS AND 
DISCUSSION 

 

Figure 3(a)(i) illustrates the formation of fringes as the light 

was collimated using an objective lens with focal length, 

f=20 mm without the presence of optical aperture. The 

formation of circular rings image with a diameter of beam 

size d=1.2cm; consisted of ten sets of fringes were observed 

on the projected screen. The field intensities were decreased 

from I=7.95W/m2 to I=5.5131W/m2 when the distance 

between laser and lens increased. As the focal length was 

increased at f=100mm, the number of fringes was reduced 

to four fringes, which results in a smaller beam spot size 

with a diameter of d=0.6cm as depicted in Figure 3(a)(ii). 

The distance between each fringe was obtained between 

0.0128mm and 0.0057mm. The field intensities show the 

same behaviour with f=100mm where the values were 

decreased with the increment of the distance between laser 

and lens. However, in the comparison between f=20cm and 

f=100cm, the values of field intensities using f=20cm were 

smaller than f=100cm. Diameters of beam spot became 

smaller as the optical aperture was located between the laser 

and lens due to the spatial filtering factor (Saleh & Teich 

1991). 

Figure 3(b)(i) portrays the image of fringes as a single slit 

was added in the experimental setup with f=20cm. The 

diameter of the beam spot size was increased by about 3.33% 

as the single slit was inserted. The average size of the beam 

spot was obtained as d=1.24cm. Ten fringes were captured 

on the screen as the distance between aperture and lens was 
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set at x=5cm. A minimum number of six fringes were 

observed as the value of x was increased until 50cm. The 

formation of a smaller beam spot size was observed with an 

average diameter of d=0.39cm as the focal length was 

increased at f=100cm (Figure 3(b)(ii)). The number of 

fringes remains the same as f=20cm.  

 

 

Figure 3.  Formation of fringes on screen a convex lens with 

(i) f=20mm (ii) f=100cm using different types of apertures; 

(a) without slit aperture; (b) single slit apertures; (c) double 

slits apertures 

 

The appointment of double slit aperture resulted in an 

enhancement of beam spot size to d=1.35cm (about 4.17% 

in comparison without the presence of slit) as the focal 

length was set at f=20cm. The number of fringes was 

decreased in which around eight to six fringes were 

captured on the projected screen as distance x between the 

lens, and the double slit was modulated as shown in Figure 

3(c)(i). When f=100cm (as illustrated in Figure 3(c)(ii)), an 

equivalent size of beam spot with Figure 3(b)(ii) was 

resulted with d=0.39cm. The number of fringes also 

indicated a similar pattern with Figure 3(c)(i). 

Next, the experiment was carried out by replacing the slits 

aperture with numerous sizes of pinhole apertures, as 

illustrated in Figure 4. The properties of images which 

formed on the screen such as a number of fringes and beam 

spot size were observed. Since part of the light was filtered 

as it entered the pinhole, the image produced was smaller 

than without the presence of pinhole. Figure 4(a) shows the 

images of circular rings as light propagated through a 

pinhole with a diameter of a=1.2mm. The diameter of the 

beam spot was obtained as d=0.0129mm. At x=5cm, ten sets 

of fringes were captured on the screen. As x was increased 

until 50cm, the number of fringes was reduced to six. The 

number of fringes on the screen decreased from nine to five 

fringes as the diameter of a pinhole was reduced to 

a=1.0mm as depicted in Figure 4(b). The beam spot size was 

obtained as d=0.0154mm. The diameter of the beam spot 

was increased to d=0.0193mm with a number of fringes 

within eight to four were obtained as the pinhole size was 

reduced to a=0.8mm (Figure 4(c)). Figure 4(d) portrays an 

unclear image of diffraction pattern as light propagated 

through the pinhole aperture with a diameter of a=30μm. 

Due to the indefinite image which we believed was caused by 

the presence of the strong near-field, further analysis was 

unable to be performed using 30μm pinhole. 

The existence of near-field and far-field can be determined 

by calculating the Fresnel number, FN (Mukhtar et al., 

2012c). If FN<<1, the field can be classified as far-field, 

meanwhile if FN>>1, the near-field can be said as existing 

within that respective region. The presence of near-field 

indicates the appearance of the evanescent field (Kawata 

2001). Figure 5 illustrates the values of FN for single slit and 

double. 
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Figure 4.  Formation of fringes through a convex lens with 

f=20cm using various diameters of pinhole, a (a)1.2mm (b) 

1.0mm (c) 0.8mm (d) 30μm 

 

 

Figure 5.  The presence of far-field (FN<<1) as light 

propagated through slit apertures as the distance between 

lens and slits were increased. The values of FN for both were 

smaller than 1, which proves the existence of far-field at the 

aperture. This shows that the employment of slits is not 

suitable for sensing application due to the absence of the 

evanescence field. In comparison, the value   of   FN   was   

greater by using a single slit 

 

As the aperture was replaced with pinholes, the values of 

FN showed remarkable results where FN>>1 as illustrated in 

Fig. 6. This phenomenon exhibits the presence of near-field 

and the propagation of evanescent waves at the aperture’s 

end. Value of FN increased in an exponential behaviour as 

the distance x between lens and aperture was increased. It 

was also observed that the greater the pinhole’s diameter, 

the smaller the value of FN. The stronger optical signal due 

to the smaller value of FN can be obtained by decreasing the 

distance x. In this work, 5cm is observed as the optimum 

distance x for the enhancement of near-field strength. In 

comparison between these three pinhole sizes, a 0.8mm 

pinhole results maximum value of FN, this yielded the strong 

near-field. The relationship between FN and distance 

between lens and aperture, x is shown in Equation 2; 

 

𝐹𝑁 = 85.999𝑒0.0178𝑥       (2)  

 

Significant differences in the field intensities, I was 

observed as different structures of aperture were introduced 

into the setup as displayed in Figure 7. The appointment of 

slits aperture, which results in the formation of far-field 

shows linear enhancement of field intensities with the 

increment of distance x. On the contrary, the same 

dependent variable displayed opposite behaviour as the slits 

were replaced with pinholes. This result explains a unique 

characteristic between the far-field and near-field based on 

their field intensities’ characteristics. 

 

 

Figure 6.  Near-field (FN>>1) was created as the pinhole 

apertures were located after the light source double slits. 

Although the distance between lens and aperture did not 

give a significant impact on the presence of near-field or far-

field, this parameter still influences the value of FN. The 

greater the distance x, the larger the value of FN 
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Figure 7.  Opposite behaviour of field intensity as light 

propagated through the slits and pinholes. The field 

intensity increased with the increment of x as slits apertures 

were employed and vice versa as the slits aperture was 

replaced with a pinhole aperture 

 

 

Figure 8.  A boundary between near-field and far-field using 

extrapolation method shows that the maximum diameter of 

pinhole a>>1.46mm able to produce near-field when FN=1 

 

To investigate the influence of pinhole’s size on the value 

of FN, we decided to focus at the optimum distance of 

x=5cm, which results in excellent field intensity. At this 

respective distance, the values of FN were obtained as 38.30, 

75.06 and 98.03 as the pinhole’s diameters were fixed at 

1.2mm, 1.0mm and 0.8mm accordingly as depicted in Fig. 8. 

A linear relationship between FN and pinhole’s diameters is 

expressed in Equation 3; 

 

𝐹𝑁 = −149.32𝑥 + 219.79       (3) 

 

By using an extrapolating method, it was found that the 

maximum diameter of a pinhole for the formation of near-

field can be obtained by employing a pinhole with a 

diameter smaller than 1.46mm (a<1.46mm). This analysis 

shows that the optical sensing properties due to the 

presence of evanescence wave able to be produced by 

manipulating the size of the pinhole aperture. 

 

IV. CONCLUSION 
 

In this work, the identification of near-field and far-field 

through assorted sizes of optical apertures has been 

investigated. The discovery of near-field along the optical 

path by using pinhole with a diameter smaller than 1.46mm 

reveals the potential of this region to be employed as a 

sensing area due to the existence of strong evanescence field.   
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