
 

 
Abstract—This paper presents an analysis of the factors that 

have significant influences on fiber fusion splicing loss of two 

different commercial single-mode fibers: SMF-28 and MP980. 

Crucial parameters such as fusion current and fusion time 

including particular conditions are studied and demonstrated 

in this study to obtain low-loss fusion splicing. Fusion currents 

in the range of 13.4 – 13.8 mA with step of 0.1 mA were used in 

experiments to find the optimal values of splicing loss. 

Depending on the fusion currents, the experimental results 

showed the appropriate fusion times for mentioned currents 

were 2.6, 2.5, 2.4, 2.1, and 1.8 s, respectively. These results 

indicate that, in order to achieve low-loss fusion splicing, the 

fusion current is inversely proportional to fusion time. Yet, 

high fusion current, causing high arc temperature, does not 

always yield fiber fusion splicing with low loss due to the 

deformation of fiber cores prior to the fusion completion. The 

proposed conditions can definitely be applied to the practical 

industrial sector subject to fusion splicer. 

 
Index Terms— Single-mode fibers, Optical fiber splicing, 

Fusion splice loss 

 

I. INTRODUCTION 

INGLE-MODE OPTICAL FIBER is regularly used in high-

speed telecommunication system as it achieves low 

dispersion, immunity of electromagnetic interference (EMI), 

great data security, a high quality of optical signal 

transmission, and so on. Fiber connecting is a very 

important process in optical network. A thermal connecting, 

such as fusion splicing, has been widely used for such a long 

time since it yields a lower loss than other methods [1], [2]. 

Even though higher loss could be obtained from the fusion 

splicing between two dissimilar fibers, such a loss can be 

reduced by splicing under appropriate conditions. Research 

for the proper because most of the optical networks can have 

many conditions are among of interest to the optical 

industries sections that requires dissimilar fiber splicing. 

Therefore, the loss from such a splicing potentially becomes 

one of the most severe problems that limited the quality of  
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the optical devices or system. To analyze the loss, mode-

field matching is considered as the main cause of the fusion 

splicing loss of two dissimilar fibers. Splicing loss 

approximated by the theoretical estimation in [3]-[5] shows 

that the most important parameters are fusion time and 

fusion current. Other mechanical misalignments such as 

axial misalignment and angular misalignment also 

contribute the fiber splicing loss, but the amount is not 

considerable to one from mode filed mismatch in case of 

dissimilar fibers. 

This paper presents the study of the aforementioned 

factors in the optical fiber splicing loss between SMF-28 

and MP980 fibers. Theoretical background of splicing two 

dissimilar optical fibers (SMF-28 and MP980 fibers) is 

mentioned in section II, followed by the experiment setup 

and splicing loss measurement in section III. The 

experimental results and analysis discussion are stated in 

section IV and the conclusion is expressed in section V.  

II. RELATED THEORY OF SPLICING TWO DISSIMILAR FIBERS 

Normally, splicing two similar optical fibers yields very 

low loss, but, unfortunately, this is not the case for two 

dissimilar fibers due to mismatched conditions such as 

core/cladding sizes, numerical apertures (NA), dopant 

concentrations, etc. The optical fusion splicing takes place 

around heating area with the length 2L as shown in Fig. 1. 

The junctions are thermally fusion by electric arc between 

two electrodes. This causes changes of diffusion coefficients 

in the transition area. The incompatibility of different fiber 

characteristics lead to high splicing loss. Thus, for each 

splicing, it is necessary to determine parameters properly 

and corresponding with the characteristics of two spliced 

fibers. One of the most crucial factors is fusion temperature 

or fusion current. Theoretically, the analysis has estimated 

the splicing loss as the function of fusion temperature, but, 

practically, arc current is used as the input parameter to the 

fusion splicer. The relationship between fusion temperature 

and fusion current is based on the stress relaxation [6]. 

Moreover, the fusion temperatures of typically over 2,100 

°C with an improper fusion time mainly cause the 

deformation of fiber cores during the splice [7]. Other losses 

due to fiber axial and angular misalignments are very low 

compared to the core deformation.  

The optimal parameters should minimize splicing loss 

and eliminate imperfect splicing. With improper fusion time 

and fusion current, the defected splice such as a bulge, 

waist, matchstick, and so on, might occur after the splice 

completion [8].  
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Fig. 1.  Schematic illustration of thermal diffusion expanded core area of 

fusion splicing between two fibers. [3] 

III. EXPERIMENTAL SETUP AND SPLICING LOSS 

MEASUREMENT 

This paper studies the fusion splicing between two 

popular single-mode optical fibers, SMF-28 and MP980 

fibers, which are widely used in various optical 

communication devices and networks.  SMF-28 is an ITU-T 

G.652 single-mode fiber and MP980 is a silica fiber doped 

with erbium atoms that respond to particular wavelengths, 

resulting in optical power amplification. For this reason, 

MP980 is used in optical devices, fiber lasers and erbium-

doped fiber amplifiers (EDFA) as shown in Fig. 2.  
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Fig. 2.  Schematic of erbium-doped fiber amplifier (EDFA) which is widely 

used in optical communication systems. [1] 

 

In industry, device editing or reworking, as depicted in 

Fig. 3, is very important and this requires the fusion splice 

between these two famous dissimilar fibers in the optical 

devices. If MP980 is cleaved directly, it often causes great 

effect on the absorption and light amplification due to the 

changing of fiber length. Therefore, SMF-28 fiber is 

normally used to be cleaved (or reworked) instead of MP980 

one. 

A splicer (ERICSON: model FSU 995 FA) is used in the 

experimental setup to splice SMF-28 and MP980 fibers. 

This ERICSON splicer can handle simple single-mode to 

single-mode fiber splicing and complex splicing like 

erbium-doped fiber to single-mode fiber splicing [8]. The 

parameters set for fusion splicer are shown in Table I. 

Fusion current 2 and Fusion time 2 are carefully varied and 

observed due to their importance to fusion splicing loss as 

mentioned in section II. 
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Fig. 3.  Reworking of SMF-28 spliced with MP980 in EDFA. 
 

 

 

TABLE I 

  THE SPECIFICATIONS OF THE FUSION SPLICER  

Parameters Values 

Pre-Fusion time 0.2 s 

Pre-Fusion current 10 mA 

Gap 50 m  

Overlap 10 m  

Fusion time 1 0.2 s 

Fusion current 1 10.5 mA 

Fusion time 2 13.4-13.8 mA* 

Fusion current 2 1-5 sec* 

Fusion time 3 1.8 s 

Fusion current 3 12.5 m  

 

Fusion time and current were set in the range of 13.4-13.8 

mA and 1-5 s, respectively, corresponding to the actual 

values used in industry. Each experiment was extremely 

done under an industrial standard including the instruments 

and environments. All of the instruments were calibrated by 

the international laboratory and the environment was strictly 

controlled for working in the clean room.  
The experimental setup is depicted in Fig. 4. The main 

source (a light source) is set at 1558.5 nm because this 

wavelength yields the highest optical output power after 

MP980 fiber is stimulated by the incident light [1]. The light 

then travels to the attenuator that is used to set an optical 

power reference. As dopant in EDF could affect the 

functional operation of instruments, an SMF-28 fiber spool 

is connected with MP980 at point 1 prior to splicing to 

MP980 fiber as shown in Fig. 4. Then, MP980 fiber is 

cleaved and put into the optical head to measure power out 

of its end and set it as a power reference. The preferable 

input power (reference) used in the industry and in this work 

is set at -30 dBm. Next, the fusion splicing of SMF-28 and 

MP980 is performed at point 2 and the optical output is 

measured by an optical multimeter. Finally, the splicing loss 

can be obtained by subtracting output power out of input 

power as illustrated in Fig. 5. The other losses in this 

system, such as connector loss, bending loss and instrument 

insertion losses, are cancelled out as they are already 

included in the reference and the measured output. 
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Fig. 4.  The experimental setup for measuring the splicing loss of SMF-28 

and MP980 fibers.  
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Fig. 5. Points where optical input and output powers are measured prior to 

the calculation for actual splicing loss of two dissimilar fibers at point 2. 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

One vital factor for low-loss during our splicing 

experiments is the electrodes of a fusion splicer. The 

usability of the electrodes is limited by the number of 

splices and values of fusion current. Because of smudges 

after heating, the fusion possibly is not arced correctly. 

Then, the electrodes have to be adjusted and aligned prior to 

each splicing experiment. Therefore, splicing conditions of 

each experiment are slightly different from each other. To 

preserve the electrode conditions, three steps to find the 

optimal splicing condition is designed for each experiment. 

The fusion currents are 13.4 – 13.8 mA with a step of 0.1 

mA and the Fusion times are 1 – 5 sec.  Experiments have 

been conducted more than 1,300 splices to analyze the 

condition of SMF-28 and MP980 fusion splicing. 

A. The 1st step of SMF-28 and MP980 fusion splicing 

This step performs splicing experiments in a wide range 

of the fusion time to quickly provide the rough idea of the 

fusion time where the lowest loss occurs as shown in Fig.6 

and 7. For each fusion current, 12 steps of fusion times are 

conducted with 10 splicing trials. The 12 steps of the fusion 

times are 1.0, 1.5, 1.7, 1.9, 2.2, 2.5, 2.8, 3.0, 3.5, 4.0, 4.5 and 

5 sec, respectively.  

Our experimental results in Fig 6 and 7 has clearly 

demonstrated that the lowest splice loss lies in our 

predetermined range of fusion times. The results 

demonstrate the trend of higher splicing losses when the 

fusion time is longer than the range. This could be that the 

core of the fiber is deformed or melted as the temperature is 

too high. On the other hand, the shorten fusion time cannot 

splice two dissimilar fibers completely and results in higher 

splicing losses as well.  

B. The 2nd step of SMF-28 and MP980 fusion splicing 

tests 

The finer ranges of fusion time based on the lowest 

splicing loss of each fusion current experiment in the 1st step 

were chosen to re-perform the splicing experiments. The 

finer fusion time ranges of each fusion current experiment 

are shown in Table II. Similarly to the previous experiments, 

8 steps of finer fusion times were conducted with 11 

splicing trials. The splicing results of each fusion current on 

the finer fusion times are shown in Fig. 8 – 12. 
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Fig. 6.  The 1st step of experiment of SMF-28 and MP980 fusion splicing at 

13.4 – 13.6 mA. This experiment has 12 steps of fusion time for each 

fusion current within 1 – 5 sec.  
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Fig. 7.  The 1st step of experiment of SMF-28 and MP980 fusion splicing at 

13.7 – 13.8 mA. This experiment has 12 steps of fusion time for each 

fusion current within 1 – 5 sec. 
 

It is clearly seen that the results also demonstrate the 

same trends as those in the 1st experiment, yet with the 

lower splicing loss. Moreover, splicing losses of each fusion 

current are quite close possibly due to the small difference 

of splicing conditions. Two fusion time points of each 

fusion current experiment that cause the lowest loss at this 

step are summarized as the optimal splicing conditions as 

shown in Table III. 
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TABLE II 

  THE CONDITION OF THE 2ND
 EXPERIMENT OF SMF-28  

AND MP980 FUSION SPLICING 

Fusion current (mA) Fusion time (sec) 

13.4 2.2 - 2.9 

13.5 2.2 - 2.9 

13.6 2.2 - 2.9 

13.7 2.0 - 2.7 

13.8 1.5 - 2.2 
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Fig. 8.  The 2nd step of experiment of SMF-28 and MP980 fusion splicing at 

the fusion current of 13.4 mA. This experiment has 8 steps of fusion times 

within  2.2 – 2.9 sec. 
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Fig. 9.  The 2nd step of experiment of SMF-28 and MP980 fusion splicing at 

the fusion current of 13.5 mA. This experiment has 8 steps of fusion times 
within 2.2 – 2.9 sec. 
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Fig. 10.  The 2nd step of experiment of SMF-28 and MP980 fusion splicing 

at the fusion current of 13.6 mA. This experiment has 8 steps of fusion 
times within 2.2 – 2.9 sec. 
 

 

0.035

0.04

0.045

0.05

0.055

0.06

0.065

0.07

1.8 2 2.2 2.4 2.6 2.8

The 2nd experiment of SMF-28 and MP980

fusion splicing at 13.7 mA

L
o
ss

 (
d

B
)

Time(s)

 
Fig. 11.  The 2nd step of experiment of SMF-28 and MP980 fusion splicing 
at the fusion current of 13.7 mA. This experiment has 8 steps of fusion 

times within 2.0 – 2.7 sec. 

 

 
TABLE III 

  THE FINER CONDITIONS OF THE 2ND
 EXPERIMENT OF SMF-28  

AND MP980 FUSION SPLICING 

Fusion current (mA) Fusion time (sec) 

13.4 2.6 and 2.7 

13.5 2.5 and 2.6 

13.6 2.4 and 2.5 

13.7 2.1 and 2.2 

13.8 1.8 and 1.9 
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Fig. 12.  The 2nd step of experiment of SMF-28 and MP980 fusion splicing 

at 13.8 mA. This experiment has 8 steps of time for each Fusion current 
within 1.5 – 2.2 sec. 
 

C. The 3rd step of SMF-28 and MP980 fusion splicing 

tests 

The range of fusion time based on the lowest splicing loss 

of each fusion current experiment in the 2nd step were 

narrowed down to two best values to re-do the experiments. 

The splices were conducted 32 times for each condition. The 

ultimate results for optimal fusion currents and fusion times 

are illustrated in Fig. 13.  

It is clearly seen that, the higher the fusion current, the 

lower the fusion time. Therefore, to obtain the low-loss 

fusion splice, the relationship between the fusion current and 

the fusion time is inversely linear. Additionally, the 

experimental results in Fig. 13 correspond well to the 

theoretical ones depicted in [7]. 

 

V. CONCLUSION 

This paper reports a study on the influential factors in the 

fusion splicing loss of SMF-28 and MP980 fibers. The 

fusion currents, varied from 13.4 mA to 13.5 mA with a step 

of 0.1 mA, corresponding with the fusion time of 2.6, 2.5, 

2.4, 2.1, and 1.8 s, respectively, in order to obtain the 

minimum splicing loss. Experimental results showed that 

each fusion current has its own optimal time to achieve low-

loss splicing. The relationship between splicing loss and 

fusion current or fusion time is not linear. Also, to achieve 

low splicing loss, the fusion time is inversely proportional to 

the fusion time. By increasing fusion current does not yield 

better splicing loss as expected since fiber core deformation 

occurs at high fusion temperature. Therefore, fusion current 

and fusion time are vital and sensitive parameters for fusion 

splice. The obtained values of fusion currents and times can 

be certainly used in the industry to obtain low-loss splicing. 
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Fig. 13.  The optimal fusion currents versus optimal fusion times for the 

fusion splicing of SMF-28 and MP980 fibers during the 3rd step. 
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