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Abstract. CO2 laser cutting machine can provide convenience on making various souvenirs and 

decorations and billboards. CO2 Laser cutting machines are widely used for cutting and grafting 

in some materials such as polymer, glass, paper, fabric and some non metallic materials. In this 
study using CO2 laser cutting to create a directional coupler channel. In the process of making 

the canal done with engraving on acrylic substrate with 4.2 mW laser power and speed 10 

mm/seconds and then repeated three times. Directional coupler fabrication is done variation of 

interaction length 20 mm, 25 mm, 30 mm, 35 mm and 40 mm. The result of directional coupler 
fabrication resulted in a coupling ratio of 49.8: 50.2 at 25 mm interaction length with input A2. 

Directional coupler fabrication with CO2 laser cutting machine provides easy interaction length 

setting as it can be made with the engine and the results are in accordance with the desired design. 

 
1.  Introduction 
Technological advances are very rapid in various fields, especially in the field of telecommunication 
demands the rapid dissemination of information data. Distribution of data information one of them by 

utilizing optical fiber, so much research has been done to support the development of optical fiber as a 

medium of telecommunications. Much research has been done to produce optical waveguides such as 
spin coting, ion exchange, UV lithography, doctor blading, UV-curing and more[1, 2]. In addition to 

research on optical waveguide making methods, there are also many researches to develop opus devices 

such as directional coupler[3], Y splitter[4], multimode interference (MMI)[5], Wavelength Division 
Multiplexing (WDM)[6], division multiplexing mode (MDM)[7]. Much of the research has been done 

for the fabrication of the directional coupler as a power divider, several methods have been developed, 
including fused biconical tapered (FBT)[8], side polishing, polymer rectangular waveguide and heating 

and pressing [9]. 

The development of laser technology that can be utilized in various fields such as telecommunications, 
transportation, medicine and industry. In the field of industry one of the emergence of CO2 laser cutting 

machine that can be used on cutting and graving on some materials such as polymer, glass, paper, cloth 

and some non metal materials [10]. With CO2 laser cutting machine can provide convenience on making 
various souvenirs and decorations and billboards. In addition to applications in the field of industry is 

also a lot of research on CO2 laser cutting for some applications such as the manufacture of Microfluidic 
channels and multimode power splitter [11, 12]. The use of CO2 laser cutting can provide ease in making 

patterns because the design and manufacturing process is controlled by using both computer speed and 

laser power[13, 14]. Experiments and studies of theories on direct-write on PMMA have been studied 
by D. Yuan and S. Das S. In addition Prakash and S. Kumar has also conducted experimental 

http://creativecommons.org/licenses/by/3.0
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investigations and analysis of multi pass modeling with CO2 lasers in PMMA [16, 17]. From some of 

the research, in this research, the utilization of CO2 laser cutting in the process of making directional 

coupler. This method was chosen in the study because with ease in the fabrication process in accordance 
with the desired design. Also with this method the length of bias interaction is more appropriate to the 

desired. Directional coupler fabrication utilizes fiber optic multimode type FD 620-10 placed on 

polymethyl methacrylate  (PMMA) substrate commonly referred to as acrylic[11,18]. 
PMMA has excellent transparent optical properties[18], so it is widely used in the optical field as optical 

devices such as multimode splitters, multilayer optical waveguide and other optical devices such as 
those performed by M. Rezem[14]. Martin F. Jensen's research has also been conducted on the use of 

CO2 lasers to produce cavity and microstructures on PMMA surfaces with laser smear movements [19]. 

In this study design and fabrication of directional coupler using CO2 laser cutting on PMMA substrate. 
In this research is done by removing cladding on the fiber side to be towed. This method is expected to 

provide a small power loss and does not alter the fiber structure. The length of the resulting interaction 

is also more precise because the design is done using a computer program before printing using a CO2 
laser cutting machine on the acrylic substrate. 

 

2.  Experimental Methods 
In the research there are several steps performed to produce directional coupler that is design and 

fabrication, optical fiber preparation and characteristic of directional coupler channel and testing result 
of fabrication directional coupler. 

 

2.1 Design and Fabrication Channel directional coupler 
The first stage of this research is to create a directional coupler design using Corel Draw software before 

printing on the acrylic substrate as shown in Figure 1 (a). The process of fabrication of directional 
coupler channel using BS-1490 engraving cutting machine with specification engraving area 1400x900 

mm, engraving speed 0-6400 mm / minutes, laser power 60W / 80W / 120W, resolution ratio 0.025mm, 

resetting positioning accuracy + 0.01 mm, wavelength of 10.6 μm and operating temperature 0oC- 45oC.  
 

 

 

Figure 1. The process of (a) directional coupler design, (b) Fabrication of channel as directional 
coupler 

 

(a) 

L=20 mm 

L=25 mm 

L=30 mm 

L=35 mm 

L=40 mm 

(b) 
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The fabrication process is done by graving using a speed of 10 mm/seconds and power of 4.2W. This 

process is repeated to obtain a channel with a width and depth equal to the diameter of the optical fiber. 

The fabrication process of directional coupler channel with CO2 laser cutting is shown in Figure 1 (b). 
In this research five variations of interaction length are 20 mm, 25 mm, 30 mm, 35 mm and 40 mm as 

shown in Figure 1(a).    

 
2.2 Optical Fiber Preparation and Characterization of the directional coupler channel. 

In this process is done stripping jacket and fiber optic cladding by using abrasive paper with roughness 
level 500, 1000, 2000 and last 5000. The fiber optic part peeled is the part that will be coupled that is in 

accordance with the design of the directional coupler channel. The stripping results in fiber optic bases 

were observed by using an optical microscope to view the fiber-optic core parts that have been sanded. 
At this stage in addition to observing the fiber-optic parts that have been peeled also observe the flatness 

of the basic part of the directional coupler the result of fabrication. After the fiber is finished, the optical 

fiber is inserted in the directional channel corresponding to the length of the interaction.  
 

2.3 Testing directional coupler 
Directional coupler testing is done by guiding laser light with 1310 nm wavelength. In the 1310 nm 

waveguide scout was observed with the Optical Spectrum Analyzer (OSA). From the test results with 

OSA then calculated some parameters of directional coupler that is Splitting or Coupling Ratio (CR), 
Insertion Loss (Lins) and Excess Loss (Le). The set up tool used in the directional coupler testing process 

is shown as in Figure 2[3]. 

 

Figure 2. Testing directional coupler using Optical Spectrum Analyzer 

In the process of testing the directional coupler is done input variation with inputs A1 and A2, while the 

observation of output done on B1 and B2 either with input A1 or on A2. 
 

3.  Result and Discussion 
FIG. 3 is an observation on the basis of a directional coupler using a microscope showing ruggedness, 
so it needs to be polished on a canal base. As has been explained in the methodology that the process of 

engraving is repeated three times. In Figure 4 it appears that by repeating the engraving three times the 

depth of the channel is three times deeper than when one process engraving. 
 

   
(a) (b) (c) 

Figure 3. Observation results on the basis of the fabrication directional coupler channel with a CO2 

laser cutting with (a). one time graving, (b). twice graving, (c) three times graving 

In this study, in addition to observations on the basis of directional coupler channel is also done 

observations on fiber optics that have been removed jacket and cladding, results of observation 
directional coupler shown in Figure 4. 

Optical Light 

Source 

INPUT OUTPUT 
A1 

A2 

B1 

B2 

OSA 
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(a) 

 

 
(b) 

Figure 4. Optical fiber observation results (a) without skipping the laser beam, (b) when passed by 
a laser beam 

In Fig. 4(a) shows that the white portion represents the core of the optical fiber after being rubbed with 

a scrub paper. While in Fig. 4(b) it appears that the red fiber optic core indicating the area there is a 
leakage of laser light. This leakage will be utilized for directional coupler fabrication in order to transfer 

optical power from optical fiber 1 to optical fiber 2. Fiber optic that has been removed jacket and its 
cladding is placed on directional coupler channel corresponding to the length of interaction so that it is 

obtained as in Figure 5. 

 

 

Figure 5. Results of directional coupler fabrication at 40 mm interaction length 

One of the observations of optical signal input and output on the directional coupler is shown in Figure 

6. The result of characterizing the directional coupler using OSA is shown in Table 1 with the input 
value of -69.372 dBm. 

 

 
(a) 

 
(b) 

 

 
(c) 

Figure 6. (a) the input signal on multimode optical fiber FD 620-10 with a wavelength of 1310 nm, 
(b) the output signal at port B1 input A1 with length 35 mm interaction; (c) the output signal at port 

B2 input A2 with a 40 mm interaction length 
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Table 1. Results of directional coupler testing with OSA 

Interaction 

length (mm) 

Input Power on optical 

fiber 1 (B1) (dBm) 

Power on optical 

fiber 2 (B2) (dBm) 

Excess 

Los (dB) 

Insertion 

loss (dB) 

20 
A1 -86.882 -87.730 14.903 17.51 
A2 -86.882 -76.375 6.633 18.358 

25 
A1 -76.638 -86.976 6.882 7.266 
A2 -86.665 -87.467 14.665 17.604 

30 
A1 -75.749 -86.374 6.016 6.377 

A2 -87.922 -73.458 3.933 17.002 

35 
A1 -75.820 -86.497 6.091 6.448 
A2 -85.885 -78.364 8.284 17.125 

40 
A1 -77.394 -85.774 7.433 8.022 
A2 -85.774 -74.185 4.521 16.402 

The directional coupler parameters for Coupling Ratio (%) of each input can be seen in Figure 7. 

 
(a) 

 
(b) 

Figure 7. Graph Coupling Ratio with (a) input A1, (b) input A2 

Figure 7 shows that the coupling ratio of the best directional coupler as a power divider is when the 

interaction length is 25 mm with input A2. At the length of the interaction the value of the coupling ratio 
is 49.8: 50.2, with the power on the optical fiber 2 is greater than the power on the optical fiber 1.  

 

4.  Conclusion 
In conclusion, this research can produce directional coupler on acrylic substrate with CO2 laser cutting 

using 4.2 mW power and 10 mm / seconds speed with repetition three times. The resulting directional 
coupler has a coupling ratio of 49.8: 50.2 at an interaction length of 25 mm with input A2. Setting the 

length of interaction with this method is easier because it can be made with the engine and the results 

according to the desired design. 
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