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 Abstract—We present a splice-taper-based power splitter 
which efficiently and evenly distributes optical power from a 
single core fiber (SCF) into multiple cores of a multicore fiber 
(MCF). By carefully optimizing the design and implementing 
precise fabrication control, we achieve a record-low insertion loss 
of 0.3 dB. We further investigate the impact of MCF core 
inhomogeneity on power distribution uniformity of SCF-to-MCF 
power splitters. To relax the stringent requirement for highly 
homogeneous MCFs in high-performance power splitter 
fabrication, we propose a macrobending-based post-processing 
technique that equalizes the power among the cores. This method 
is experimentally validated, effectively reducing the power 
variation across MCF cores from 24% to 8% without causing 
additional loss. These results highlight the versatility and 
manufacturability of the splice taper approach for making SCF-
to-MCF power splitters with high power efficiency and very good 
distribution uniformity, even in the presence of realistic MCF 
imperfections. 
 
Index Terms—Fiber optics components, multicore fiber, power 
splitter, space division multiplexing.  

 

I. INTRODUCTION 
ULTICORE fiber (MCF) technology has been 
actively explored for next-generation optical 
networks to overcome the capacity limitations of 

single core fibers (SCFs), with great potential to reduce cable 
footprint, power consumption and overall system cost [1]. 
Commercial deployment of 2-core MCF has commenced in 
the submarine industry to achieve cable capacities on the order 
of 1 Pb/s to accommodate the demand for data in the near 
future. The transition from SCF systems to 2-core MCF 
systems can leverage most existing technologies developed for 
SCF systems, by utilizing fan-in/fan-out (FIFO) devices to 
multiplex/demultiplex spatial channels. However, further 
scaling of cable capacity demands higher core density (e.g., 4-
core), where SCF-oriented technologies become less practical, 
subsequently requiring various dedicated MCF components 
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[2-6] to establish an efficient and robust MCF ecosystem. 
SCF-to-MCF power splitters, capable of distributing optical 

power from an SCF to multiple cores of an MCF, can replace 
conventional FIFOs and provide a new approach for pump 
delivery to MCF amplifiers [7]. Such power splitters allow 
fewer pump lasers than MCF core counts for implementing 
MCF amplifiers, improving energy efficiency, reducing device 
footprint and enhancing cost-effectiveness. In addition, SCF-
to-MCF power splitters can be easily integrated into fiber 
lasers for structured light generation or embedded in fiber-
optic sensor networks for multi-point signal detection [8-10]. 

A number of solutions have been studied to achieve SCF-
to-MCF power splitters, including the splice taper method [11-
13], multimode interference in polygon-shape-core fibers [14], 
special multicore photonics crystal fiber design [15], and 
direct laser writing [16]. Compared to other solutions, the 
splice taper method removes the need for custom-made fiber 
designs and the complexity and equipment overhead 
associated with ultrafast laser inscription, offering significant 
cost-saving, manufacturability and versatility advantages. 
However, broad applications of splice-taper-based SCF-to-
MCF power splitters have been hindered by two main 
technical challenges – high insertion loss (IL) and poor power 
uniformity across MCF cores. While simulations predict very 
low IL (<0.5 dB) and equal power distribution, previous 
demonstrations reported a much higher IL (>2 dB) and a 
substantial power imbalance, with core-to-core power 
difference exceeding 50% [11-13]. This discrepancy in loss 
between simulation and experiment is largely attributed to 
suboptimal taper design and insufficient control in fabrication. 
The root cause for the commonly observed power imbalance 
and an effective solution to overcome this technical challenge 
require further investigation. 

In this work, we present a high-performance SCF-to-MCF 
power splitter based on a meticulously designed and precisely 
fabricated biconical splice taper. This paper is an extension of 
our recent work presented in ECOC 2025 [17]. By carefully 
optimizing the taper parameters and the fabrication process, 
we obtain what we believe to be a record-low IL of 0.3 dB. 
According to our simulations, the optimized splice taper 
design is applicable to various SCF and MCF structures and 
offers broadband operation, manifesting remarkable flexibility 
of the splice taper approach. Furthermore, we identify core-to-
core inhomogeneity in the MCF as the primary cause for 
imbalanced power distribution and propose a post-processing 
technique based on macrobending to address this issue, 
achieving an improved power imbalance of <10% without 
introducing additional loss. This post-processing technique 
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effectively reduces the reliance on highly homogeneous MCFs 
and enhances the practicality and manufacturability of splice-
taper-based SCF-to-MCF power splitters for numerous 
applications. 

 

II. POWER SPLITTER DESIGN AND FABRICATION 
Fig. 1 shows the structure of a splice-taper-based power 

splitter which has an input SCF, an output MCF and a 
symmetrical biconical taper centered at the SCF-MCF splice 
joint. The taper geometry and performance are dictated by 
three key parameters: taper ratio R of the taper waist diameter 
to the fiber cladding diameter, taper transition length (Ltrans), 
and taper waist length (Lwaist). SCF and MCF have the same 
Ltrans and Lwaist. The full waist length (LFW) is twice the Lwaist. 
The operating principle can be illustrated by the beam mode 
evolution along the splice taper in Fig. 2. The fundamental 
LP01 core mode (LP01

Co) of the SCF is adiabatically 
transformed into a cladding-guided mode (LP01

Cl) in the taper 
waist. The LP01

Cl mode, primarily governed by the 
cladding/air interface and largely unaffected by the presence 
of tapered core structures in SCF and MCF, propagates 
through the splice joint with minimal loss, thanks to the 
matched cladding diameters of both fibers. In the subsequent 
up-taper region, the expanding cores of the MCF adiabatically 
recapture the cladding-guided light, and the LP01

Cl mode 
evolves into a symmetric supermode of the fundamental LP01-
like core modes. With a simultaneous increase in core pitch in 
the up-taper section, the behavior of the tapered MCF changes 

from coupled core to uncoupled core, resulting in stable and 
balanced power redistribution across all output cores. 

The splice taper approach is applicable to a wide range of 
MCF designs, e.g., 2-core fiber (2CF), square-lattice 4-core 
fiber (4CF), and hexagonal-lattice 7-core fiber. In this work, 
we used the splice taper approach to design and demonstrate 
an SCF-to-MCF power splitter for a 4CF (Exail, IXF-MC-4-
SM-1060). Note that this 4CF has a square-lattice core 
arrangement with core/cladding diameters of 3.3/125 µm, a 
core numerical aperture (NA) of 0.21, and a core pitch of 44.2 
µm on average. Considering the context of pump delivery for 
MCF amplifiers, the design wavelength was set to 980 nm. 
For stable single-mode operation, we selected the Corning 
HI1060 fiber as the input SCF, with core/cladding diameters 
of 5.3/125 µm and an NA of 0.14. Smooth linear taper profiles 
were considered in both our modelling and experiment. 

We first optimized our taper design by evaluating the IL of 
the power splitter as a function of taper parameters (R, Ltrans, 
and Lwaist) using the beam propagation method (BPM). IL is 
defined as the ratio of the aggregate output power from all the 
MCF cores to the power launched into the input SCF. Note 
that the 4CF was assumed to have ideal core homogeneity in 
our modelling. The results in Fig. 3 suggest that <0.5 dB of IL 
can be achieved when the taper ratio R is ≤0.25 in conjunction 
with a transition length Ltrans of >6 mm. Under these optimized 
conditions, the core diameters are reduced to <1.35 µm and 
<0.85 µm, respectively, with the 4CF core pitch contracted to 
<11.1 µm. While minimal impact of the waist length Lwaist on 
the IL was observed in simulations (Fig. 3 (c)), increasing 
Lwaist can improve the alignment accuracy and tolerance in the 

 
Fig. 1. Schematic of the SCF-to-MCF power splitter based on a biconical splice taper (SCF: single core fiber; MCF: 
multicore fiber; Dclad: cladding diameter; Dwaist: waist diameter; R: taper ratio; Ltrans: taper transition length; Lwaist: taper waist 
length; LFW: full waist length). 
 

 
Fig. 2. Calculated transverse field profiles at various positions along the SCF-MCF splice taper (4CF is considered in this 
illustration example). 
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splice taper fabrication. The optical power is always equally 
divided across the MCF cores. 

The operating bandwidth and design flexibility of the splice 
taper approach were also studied by simulations (Fig. 4). For 
an SCF-to-4CF power splitter with fixed taper parameters R, 
Ltrans, and Lwaist, we calculated the IL across a range of 
wavelengths, input SCF NA values, and output MCF core 
pitches. The SCF-to-4CF power splitter can provide low loss 
operation (<1 dB) over an exceptionally wide bandwidth from 
950 nm to 2000 nm. Our simulations in Fig. 4 (b, c) show that 
the same taper structure remains low loss (<1 dB) for different 
SCF or MCF designs, because the optimized taper parameters 
can maintain taper adiabaticity and ensure smooth mode 
transition in the splice taper at a minimal loss. This avoids the 
need to optimize critical taper parameters individually for vast 
combinations of input SCF and output MCF, indicating good 
design flexibility of the splice taper approach. 

In our experiment, we used a Fujikura ARCMaster FSM-
100P+ splicer capable of producing precise and replicable 
adiabatic tapers up to 1:10 in ratio and up to 18 mm in length. 

This splicer can facilitate the fabrication of low-loss splice 
tapers by implementing fusion splicing and fiber tapering in a 
single program to meet the alignment accuracy requirement of 
positioning the taper waist at the splice joint. We finalized our 
splice taper design: R=0.2, Ltrans=8 mm, and Lwaist=1 mm, with 
a calculated IL of 0.2 dB. By carefully optimizing arc power, 
arc time and splicer motor speed, we achieved a precise splice 
taper with the splice joint accurately tapered down to 25 µm 
and smooth transitions in the down-/up-taper sections, as 
shown by the microscopic images in Fig. 5. We used a 
superluminescent diode centered at 980 nm and an integrating 
sphere photodiode-based power meter (Thorlabs S145C) to 
measure the IL as defined. Note that all measurements in this 
work were taken at 980 nm. The measured IL was only 0.3 dB 
and in excellent agreement with our simulations. Power 
imbalance, defined as the difference between the highest and 
lowest core power, was measured by using a CCD camera to 
capture the far-field beam image of the 4CF output. In Fig. 5 
(d), the normalized core power ratio is 1:0.94:0.9:0.76, 
yielding a large power imbalance of 24%. This discrepancy 

 
Fig. 3. Calculated IL of the power splitter as a function of (a) taper ratio, (b) transition length and (c) waist length. 
 

 
Fig. 4. (a) Operating bandwidth of the SCF-to-4CF power splitter design; calculated IL of the same taper structure (R=0.2, 
Ltrans=8 mm, and Lwaist=1 mm) when different (b) SCF and (c) MCF designs are used, respectively. 
 

 
Fig. 5. Microscopic images of the fabricated splice taper taken at different locations showing part of (a) down-taper, (b) taper 
waist and (c) up-taper regions (background color of images are edited for better contrast); (d) 4CF output beam intensity 
distribution measured by a CCD camera. 
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between modelling and experiment results from non-ideal 
homogeneity in the actual 4CF, such as small variations in 
core diameter and/or core refractive index (RI). 

III. POST-PROCESSING TECHNIQUE FOR IMPROVING CORE 
POWER UNIFORMITY 

We conducted further simulations to study the impact of 
MCF inhomogeneity on output power distribution in the splice 
taper. In Fig. 6 (a), we assume a single core (core #4) has a 
slightly higher RI than the other cores, which share the same 

RI, while all cores maintain identical diameters. The results 
indicate an increasing power imbalance with a larger RI 
difference and core #4 always has the highest output power. 
The power imbalance reaches ~25% even for a small absolute 
core RI difference of 1×10-3. This observation aligns well with 
our measurement of the refractive index profile (RIP) of two 
diagonal cores in Fig. 6 (b). The power imbalance induced by 
core RI variation is summarized in Fig. 6 (c). Similar trends 

 
Fig. 7. Simulation results of an SCF-to-2CF power splitter 
under macrobending effect: (a, c) diagrams illustrating 
bending direction and bending radius; (b, d) calculated 
powers in MCF cores and IL of the splice taper as a 
function of bending radius. 

 
Fig. 6. (a) Simulated impact of RI difference on output 
power from each MCF core; (b) measured RIP of two 
diagonal cores of the 4CF; calculated (c) power imbalance 
and (d) IL as a function of core RI difference. 



5 
> REPLACE THIS LINE WITH YOUR MANUSCRIPT ID NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 
are observed when MCF core diameters are different, e.g., a 
calculated power imbalance of ~20% for 0.1-µm difference in 
core diameter. While these MCF core inhomogeneities have a 
negligible impact on IL (Fig. 6(d)), they significantly degrade 
power uniformity, undermining the performance and 
application of splice-taper-based SCF-to-MCF power splitters. 

To mitigate the requirement for highly homogeneous MCF 
in fabrication and enhance the applicability of the splice taper 
approach, we introduced a post-processing method based on 
macrobending. This method leverages the sensitivity of each 
core’s effective RI to controlled bending, thereby altering the 
modal distribution and supermode transitions in the splice 
taper [18]. To illustrate the feasibility of this post-processing 
technique, we simulated the performance of a simple SCF-to-
2CF power splitter in the presence of macrobending along the 
entire tapered section (i.e., both taper transition regions and 
the full taper waist), while excluding the untapered SCF and 
MCF sections. In this simulation, core 2 was assumed to have 
a higher RI. The bending strength was characterized by the 
bending radius and the ‘+/-’ signs represent the two different 
bending directions (along the X axis) as defined in the 
diagrams in Fig. 7 (a, c). The results in Fig. 7 (b, d) show how 
the output powers in the two cores and the ILs of the SCF-to-
2CF power splitter vary with the bending conditions. When 
the bending radius and direction were optimized (R ≈ 1200 
mm), the powers in cores 1 and 2 were equalized with no IL 
deterioration. For a 4-core configuration, when the diagonal 
core pair (cores 1 and 3) lies along the Y axis (perpendicular 
to bending along the X axis), the optimized macrobending has 
only a negligible impact on their output powers (~1% of 
change relative to the unbent case in simulation), while the 
dominant power redistribution occurs for the cores aligned 
with the bending axis (cores 2 and 4). More generally, the 2D 
macrobending (along X and Y axes) provides two degrees of 
freedom (DoFs) for power tuning. This is sufficient to 
equalize 2-core and 3-core structures under arbitrary core 
inhomogeneity, whereas for N >3 it can still reshape the power 
distribution but cannot, by itself, guarantee full equalization 
across all cores unless additional core symmetry (or additional 
control DoFs) is available. These trends are consistent with 
established models describing bending-induced effective 
refractive index perturbations leading to inter-core coupling in 
MCFs [18-20]. 

A post-processing platform for splice tapers was developed 
in-house, as shown in Fig. 8 (a), offering fine tuning of the 
bending conditions and packaging capability. The fabricated 
splice taper was loaded on the fiber rotators mounted on 3-axis 
translation stages which allow precise control of 
macrobending through X/Y displacement. The output power 
distribution was monitored in real time by using a laser diode 
source and a CCD camera. A taper holder (a glass slide in our 
demonstration) was held near the splice taper ready for 
packaging. Enabled by our post-processing platform, we 
optimized the bending conditions applied to our SCF-to-4CF 
splice taper, reducing the power imbalance from 24% to 8%. 
The splice taper was subsequently packaged with the 

optimized bend geometry fixed inside a protective case to 
ensure long-term mechanical stability. Fig. 8 (b) shows a 
diagram of the package design. Secured onto a glass slide by 
UV-cured polymer, the splice taper was raised and suspended 
in air to ensure low-loss operation. IL remained the same at 
0.3 dB after packaging. Measurements repeated after six 
months showed no degradation. The packaged device (Fig. 8 
(c)) has a size of 90×16×13 mm and its output beam profile 
(Fig. 8 (d)) reveals a normalized core power ratio of 
1:1:0.94:0.92. We observed no temperature-dependent 
behavior of the packaged device on loss and power splitting 
ratio, even when used in a multicore EDFA with >1 W of total 
pump power [7].  

 

IV. CONCLUSION 
We successfully designed and demonstrated an SCF-to-

MCF power splitter based on the splice taper method. By 
using an optimized splice taper design and high-precision 
fabrication, we obtained 0.3 dB of insertion loss – the lowest 
ever reported to the best of our knowledge. To address the 
poor core power uniformity issue caused by MCF core 
inhomogeneity, we also developed a post-processing 
technique that employs a macrobending effect to readjust 
output power distribution without incurring additional loss, 
achieving <10% of core-to-core power variance. This post-
processing method relaxes the strict homogeneity 

 
Fig. 8. (a) Schematic of our post-processing platform; (b) 
diagram of the package design; (c) photo of the packaged 
SCF-to-4CF power splitter; (d) improved core power 
uniformity after post-processing.  
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requirements of MCFs, thereby improving significantly the 
practicality and scalability of splice-taper-based SCF-to-MCF 
power splitters for diverse applications. 
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