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Design and analysis of a novel tunable optical power splitter
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A novel tunable optical power splitter, with a Y-branch waveguide based on the total internal reflection and
a microprism with tunable index refraction, is presented. Numerical simulation of its optical performance
shows that a high dynamic range, low optical loss, and relatively low wavelength-dependence can be
achieved. This component offers numerous advantages such as ease for fabrication, low cost, and compact
size, which are very useful for potential application in integrated optical devices.
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Optical power splitters are important components in in-
tegrated photonic systems, which are used for splitting
and combining optical signals. Several schemes for op-
tical power splitters have been recently reported[1−6].
However, their branching ratios, which could not be
controlled dynamically, were generally fixed, once these
optical power splitters have been fabricated. Their struc-
tural parameters should be modified to obtain different
branching ratios but it is a serious limitation in their
practical application. With the rapid development of
integrated optical devices, however, optical power split-
ters with tunable branching ratios are strongly desired.
Furthermore, there is an increasing need for these com-
ponents. Hence it is very indispensable to design and
fabricate these devices with tunable optical power out-
put.

Currently, the reports about tunable optical power
splitters are few. In 2007, Thapliya et al. proposed a
tunable optical power splitter by using electro-optic mul-
timode interference device[7]. Unfortunately, its branch-
ing ratio was sensitive to operation wavelength and polar-
ization state, and its tuning range was relatively narrow.
In integrated photonic systems, however, tunable optical
power splitters with wavelength independence, a large
dynamic range, low cost, ease for fabrication, and com-
pactness are preferred. In this letter, to the best of our
knowledge, we first present a novel optical power splitter
with a tunable branching ratio to achieve the required
optical performance.

The schematic of a novel tunable optical power splitter
is depicted in Fig. 1(a). Its structure is simply divided
into four regions. The waveguides AB and DE act as
the input and output, respectively, whereas BC is a
tapered waveguide that acts as a pre-splitter by trans-
forming the single-mode pattern into a super-mode one.
For waveguide CD, the total internal reflection occurs
at the inner interface between its core and cladding. In
this structure, relatively large branching angles can be
achieved with low optical loss. The lengths of waveguides
AB, BC, CD, and DE are denoted by l1, l2, l3, and l4,
respectively, whereas the branching angle is signified by
θ. Figures 1(b) and (c) show the close-up view in the
tapered waveguide region and the cross-section view of

the waveguide, respectively. The refractive indices are
represented by n1, n2, and n3, for the upper cladding,
the core, and the lower cladding, respectively, whereas
the core width, slab, and ridge heights are represented
by W , d, and h, respectively.

As shown in Fig. 1, the tunable optical power splitter
we propose is a novel component, in which a symmet-
ric Y-branch waveguide is combined with three wedge
electrodes in the tapered waveguide region. This Y-
branch waveguide based on total internal reflection has
a very low dependence on operation wavelength, wide
angle, low optical loss, a compact structure, and ease of
fabrication[8], which is unique in tunable optical power
splitters. Three wedge electrodes, as top electrodes,
are introduced in the tapered waveguide region to pro-
duce two different microprisms with tunable refractive
indices in their corresponding regions using the electro-

Fig. 1. (a) Schematic of novel tunable optical power splitter,
(b) close-up view of the tapered waveguide region, and (c)
cross-section view of the waveguide. x and y denote the coor-
dinate axes of horizontal and perpendicular directions in the
cross-section of waveguide, respectively.
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optic effect. The shape of the wedge electrodes is usu-
ally determined by the branching angle of the Y-branch
waveguide and the maximum change in the refractive in-
dex of the microprism region.

In Fig. 1(b), the microprism with variable refractive
index in triangular region FGH can be achieved by simul-
taneously applying equivalent variable voltages on wedge
electrodes I and II. If wedge electrodes II and III are si-
multaneously supplied with equivalent variable voltages,
then the refractive index of the microprism in the trian-
gular region FHK is variable. The gap between the wedge
electrodes should be less than 500 nm. The two micro-
prisms with tunable refractive indices act as phase-front
accelerators, wherein the light propagation direction can
be purposely changed, in which deviation angle is closely
related to the tunable refractive index. Therefore, the
optical branching ratio at the output ports can be ad-
justed as it is applied by different electric fields.

Generally, polymer materials have high electro-optic
coefficients compared with inorganic materials. For the
simulation, the polymer material polysulfone/IPC-E (25
wt.-%), with a refractive index of 1.67 at an operation
wavelength of 1.55 µm, was chosen as the core wave-
guide. The cladding materials were NOA 61 and UV-15,
with refractive indices of 1.55 and 1.50, respectively[9].
The parameters of the waveguide structure were as fol-
lows: (1) The lengths of waveguides AB, BC, CD, and
DE were 130, 70, 95, and 405 µm, respectively, (2) the
branching angle was 6◦, (3) the slab and rib heights, and
core width were 1.0, 0.8, and 5.0 µm, respectively, (4)
the upper and lower widths of the tapered waveguide
were 5.0 and 7.5 µm, respectively, and (5) the length of
the tapered waveguide was 200 µm. The parameters of
the three wedge electrodes were determined according to
the design in Fig. 1(b). The incident optical field was
assumed as the transverse magnetic (TM) polarization
state. According to Ref. [10], the electro-optic coefficient
of the chromophore could be increased to 500 pm/V. For
simplicity, the refractive index variation ∆n ranges from
0.000 to 0.015 was assumed possible in the microprism re-
gion to simulate the optical branching ratio change with
its refractive index. Here, its optical performance was
evaluated using the finite-difference beam propagation
method, which is an effective, widely used technique for
studying optical waveguide devices based on the numer-
ical solution of the scalar Helmholtz equation[11,12].

The normalized optical power of the left and right out-
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Fig. 2. Normalized optical power output at the left and right
output ports with different increases in refractive index of
microprism FGH .

Fig. 3. Simulated results of the optical field propagation
in the tunable optical power splitter, under index refraction
changes of (a) 0.000, (b) 0.0075, and (c) 0.015 in microprism
FGH . Lx and Lz stand for the lengths of the corresponding
corrdinate in x and z axes, respectively.

Fig. 4. Normalized optical power output at the left and right
output ports with different light wavelengths.

put ports at the different changes in the refractive index
of microprism FGH are shown in Fig. 2, wherein the
curves with g and n symbols represent the normalized op-
tical power outputs of the right and left branches, respec-
tively. As the change in the refractive index of the mi-
croprism in triangular region FHK increases from 0.000
to 0.015, its normalized optical power outputs are con-
trary to those given in Fig. 2, which widens its dynamic
range. The simulated results suggest that the branching
ratio can be arbitrarily distributed by adjusting the re-
fractive index of the microprism. Based on the simulated
results, the dynamic range of the optical branching ratio
increases with the refractive index variation range. In ad-
dition, the optical loss was about 0.09 dB, which mainly
results from the optical scattering loss in the microprism
region. This low optical loss is useful for its practical ap-
plication.

Figure 3 shows the optical field propagation in the tun-
able optical power splitter at index refraction changes
of 0.0000, 0.0075, and 0.015 of microprism FGH . The
branching ratios between its left and right output ports
are 1:1, 4.43:1, and 22.8:1, respectively. These are con-
trolled by the microprism that acts as a phase-front accel-
erator. From Fig. 3, an approximate periodic change in
the optical field distribution is observed along the prop-
agational direction, which originates from optical inter-
ference between different guided modes.

For the simulation results shown above, the incident
optical wave is monochromatic. However, the actual laser
source has a spectrum width ranging from nanometers to
several tens nanometer. The simulated results under dif-
ferent incident wavelengths are shown in Fig. 4. The
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refractive index change ∆n was 0.0075 and the other pa-
rameters are the same as those in Fig. 2. The refrac-
tive indices of the core and the cladding are assumed to
be constant in spectrum rang of 100 nm. Accordingly,
the fluctuation of optical power at each output port was
less than 0.02, indicating that the optical branching ra-
tio changed little at large spectrum scope of 100 nm. As
shown in Fig. 4, the tunable optical power splitter has
minimal wavelength dependence, which is useful for po-
tential applications in integrated photonic devices.

Finally, it should be pointed out that tunable optical
power splitters based on polymers have simple structures
that are easily fabricated using techniques for process-
ing semiconductors. The details of the fabrication have
been reported by Thapliya et al.[7]. In addition, the Y-
branch waveguide has a relatively large fabrication tol-
erance, which has been analyzed in previously reported
literatures[6,8]. Since the wedge electrodes were used as
a microprism by applying the external voltage, their pre-
cise fabrication is imperative. Based on the current mi-
crofabrication technology, a processing error of less than
100 nm can be easily achieved. Thus, the effect of the
fabrication error on the optical branching ratio is rather
small.

In conclusion, a novel optical power splitter with a tun-
able branching ratio has been proposed, in which a mi-
croprism with a tunable refractive index is introduced by
applying voltage on the wedge electrodes. The simulated
results show that the tunable optical power splitter has a
high tunability range, low optical loss, and very low wave-
length dependence. The proposed component has wide
range of potential applications in the integrated photonic
systems.

This work was partly supported by the National Nat-
ural Science Foundation of China (Nos. 60736038 and
60908024) and the National “863” Program of China (No.
2007AA01Z269). The authors also acknowledge the sup-
port of the Youth Science and Technology Foundation at
the University of Electronic Science and Technology of
China.

References

1. M. Olivero and M. Svalgaard, Opt. Express 14, 162
(2006).

2. K. B. Chung and J. S. Yoon, Opt. Quantum Electron.
35, 959 (2003).

3. M. Bayindir, B. Temelkuran, and E. Ozbay, Appl. Phys.
Lett. 77, 3902 (2000).

4. G. Veronis and S. Fan, Appl. Phys. Lett. 87, 131102
(2005).

5. S.-Y. Tseng, S. Choi, and B. Kippelen, Opt. Lett. 34,
512 (2009).

6. X. Tang, J. Liao, H. Li, R. Lu, and Y. Liu, Acta Opt.
Sin. (in Chinese) 29, 2077 (2009).

7. R. Thapliya, T. Kikuchi, and S. Nakamura, Appl. Opt.
46, 4155 (2007).

8. X. Tang, J. Liao, H. Li, R. Lu, Y. Liu, and M. Dong,
Optoelectron. Lett. 5, 401 (2009).

9. S. M. Garner, J. S. Cites, M. He, and J. Wang, Appl.
Phys. Lett. 84, 1049 (2004).

10. L. R. Dalton, Thin Solid Films 518, 428 (2009).

11. X. Liu, P. Lu, and D. Liu, Chinese J. Lasers (in Chinese)
32, 511 (2005).

12. J. Liao, H. Li, X. Tang, R. Lu, X. Zhang, and Y. Liu,
Acta Opt. Sin. (in Chinese) 30, 1597 (2010).


