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Abstract This paper proposed a novel variable optical
splitter, of which the splitting ratio can be dynamically
adjusted according to different wavelengths. A novel
intelligent passive optical network (PON) system based on
this splitter was also presented. Experimental results
demonstrated that the insertion loss can be reduced
corresponding to the decrease of the splitting ratio.
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1 Introduction

The fixed splitting ratio of conventional optical splitter
causes inconvenience in many aspects of network planning
and maintenance. First, it leads to high costs of spare-part
management since tens of types of optical splitters should
be prepared. Secondly, unnecessary large power budget is
required for both time division multiplexing (TDM) and
point to point (PtP) wavelength division multiplexing
(WDM) channels in next generation passive optical
network2 (NG-PON2) system, due to the inevitable
insertion loss of the conventional optical splitter. As the
time and wavelength division multiplexed PON (TWDM-
PON) and united passive optical network (UniPON) have
become the mainstream technologies of NG-PON2 [1,2], it
is attractive to investigate how to use the optical power
more efficiently in the systems. Thirdly, the adjustment of
the splitting ratio and power budget is extremely incon-
venient for the deployed PON network.
As to the author’s knowledge, only a few variable

optical splitters have been reported, based on optoelec-
tronic very large scale integration (Opto-VLSI) [3], slot
waveguides [4], polarization signal processing [5], and

field-induced waveguides [6]. However, the devices are
mainly active and difficult to integrate.
This paper presented a novel passive optical splitter with

dynamically variable splitting ratio. The optical splitter
consists of wavelength-sensitive components, and the
splitting ratio varies as the wavelength of the optical
signal changes. It can be implemented using planar
lightwave circuit (PLC) technology [7,8]. Meanwhile,
based on this optical splitter, a novel PON system named
intelligent PON (iPON) was also proposed, which is
capable of dynamic adjustment of the splitting ratio,
distribution of optical power and even the network
topology. Additionally, it provides considerable potentials
for the evolution to the software defined network (SDN) in
access domain.

2 A novel optical splitter

Optical splitters consist of cascaded 1:2 coupling compo-
nents. As shown in Fig. 1(a), the shaded and unfilled
triangles represent for the newly proposed and conven-
tional 1:2 coupling components respectively.
For a conventional splitter, each coupling component is

insensitive to wavelengths. Thus the splitting ratio remains
constant as the wavelength varies.
For the newly proposed splitter, as shown in Fig. 1(a),

the input optical power is P0 and the output powers at the
output ports of the first coupling component excluding the
excess loss can be expressed as

P1 ¼ P0 � cos2ðkzÞ,  P2 ¼ P0 � sin2ðkzÞ, (1)

where k is the coupling coefficient and z is the coupling
length. The output power can be sensitive to the
wavelength to realize one or more periodic variations
from 1260 to 1620 nm through changing the core radius in
the coupling area [9]. Figure 1(b) illustrates the P1/P0 ratio
versus wavelength for a single coupling component.
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Ideally, the input power P0 of the signals with wavelengths
of l1 and l2 can propagate through the component to the
upper output port of P1 with 100% and 66.7% of the input
power respectively. As to the signal with a wavelength of
l3, the input power is evenly distributed to the output ports
of P1 and P2, which is similar to a conventional power
splitter. The power of the signal with a wavelength of l4 is
fully transmitted to the bottom output port of P2. Hence,
the insertion loss of the proposed splitter also varies with
different wavelengths.
The new coupling component can be realized by fused

biconical taper (FBT) [9]. Similarly, it can also be realized
by PLC of parallel double waveguide type, which is much
more difficult to implement.
In this paper, a new configuration using the architecture

of Mach-Zehnder interferometer based on PLC with easier
implementation was chosen to realize the component, as
shown in Fig. 2, wherein ΔL is the optical path difference.
The output power P1 is shown in Eq. (2), wherein n is the
index of refraction, which is approximately 1.5.

P1 ¼ P0 � sin2
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To achieve periodical variation in the range from la to
lb, the following equation should be satisfied, whereinm is
an integer.
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It can be concluded that if ΔL equals to 3 μm and m
equals to 1, P1 can achieve one period of variation in the

range from 1260 to 1620 nm. As ΔL increases, the cosine
term in Eq. (2) results in a smaller period where P1 varies
more quickly with the change of the wavelength, which
can be seen in Fig. 4 as an example.
Figure 1 illustrates an example of a splitter with a

splitting ratio of 1:8. When only the first coupling
component is wavelength-sensitive, the splitting ratio is
1:4 for l1 and l4, and the signal outputs from the upper 4
and the bottom 4 ports respectively. At the same time, the
insertion loss decreases by about 3 dB. For l3, the splitting
ratio is maintained as 1:8. For other wavelengths, the signal
power can be distributed between the ports at designed
ratios. In one aspect, the function of the splitter can be
more flexible when more wavelength-sensitive coupling
components are introduced to the structure. For example, it
can even assign a dedicated wavelength for one output
port. In another aspect, as more periods of variation of P1

and P2 are realized through increasing ΔL, various
wavelengths can be selected to satisfy the preferred
function.
With specific design, the optical splitter consisting of

several wavelength-sensitive coupling components can
provide flexible splitting ratios which can be adjusted
dynamically. At the same time, the novel optical splitter
can support both TWDM channels and PtPWDM channels
with lower power budget, which combines the advantages
of both the conventional optical splitter and the arrayed
waveguide grating (AWG).

3 An intelligent PON (iPON)

The iPON system mainly comprises an optical line
terminal (OLT) with multiple wavelengths, colorless
ONUs, and the proposed variable optical splitter, as
shown in Fig. 1(a). The iPON architecture is dynamically
reconfigurable. It can reduce the power consumption
substantially, and realize the functions of UniPON and
TWDM-PON [10] with a lower complexity. The PtP
WDM channels of iPON can be used to satisfy the services
with large bandwidth demand even including common
public radio interface (CPRI) signals between baseband

Fig. 2 Configuration of the wavelength-sensitive coupling
component

Fig. 1 (a) Configuration of a splitter and iPON system; (b) characteristics of the wavelength-sensitive coupling component in (a). ONU:
optical network unit
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unit (BBU) and remote radio unit (RRU). Additionally, the
iPON system is flexible to manage the bandwidth or
optical power through regulating the splitting ratios by
different wavelengths.
The OLT, or a centralized device such as the controller

of SDN, is responsible for the calculation, regulation and
management of the wavelengths. It is also capable of
reconfiguring various parameters of the PON network,
including the wavelengths, splitting ratio, network topol-
ogy, etc. Many other features including wavelength
planning, the performance requirement of the system, are
out of the scope of the paper and remain to be investigated
in the future.

4 Experimental evaluation

Samples of the PLC-type optical splitter with a splitting
ratio of 1:2 are fabricated for proof of principle purpose to
verify the feasibility of the novel splitter and the iPON.
Figure 3 illustrates the experimental results of the insertion
losses at the two output ports respectively, where ΔL is
designed to be 3 μm. The lowest insertion loss is less than

0.5 dB, and the power difference between the two output
ports for the same input reaches about 20 – 30 dB. It shows
that for specific wavelengths, the splitting ratio of the
splitters containing a wavelength-sensitive coupling com-
ponent can decrease by 50 percent dynamically. Mean-
while, the insertion losses of the corresponding output
ports can be reduced by about 3 dB accordingly, assuming
the insertion loss of a conventional splitter is 3.5 dB.
Figure 4 presents the experimental results with more

periods of variation as ΔL is designed to be 18.6 mm. The
lowest insertion losses of about 1 dB can be achieved
for various wavelengths, which indicates that the insertion
losses of the expected ports can decrease by about
2.5 dB.

5 Discussion

The proof of principle experiment illustrates that the
insertion loss can be altered according to the input
wavelength of the novel splitter. This effectively change
the splitting ratio. The PLC technology used in this
implementation provides a feasible and low-cost approach

Fig. 4 Insertion losses of the output (a) P1 and (b) P2 with multiple periods of variation

Fig. 3 Insertion loss of the output (a) P1 and (b) P2 with one period of variation
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for fabrication of this device. The feature of achieving
multiple periods of insertion loss alteration make the
device a potential candidate for the key element of the
future wavelength-sensitive iPON system.

6 Conclusion

We proposed a novel variable optical splitter of which the
splitting ratio can be dynamically adjusted through
changing the wavelengths of the input signals. The
insertion losses of the expected channels can be reduced
by approximately 2.5–3 dB when the splitting ratio
decreased by 50 percent. The configuration was presented
and the experimental results were shown to give a proof of
principle demonstration. A reconfigurable system named
iPON based on the novel splitter was also proposed.
Various parameters of the PON network, including the
power budget, splitting ratio and network topology, can be
managed and adjusted conveniently.

Acknowledgements We would like to acknowledge Sindi Telecom
Equipment Ltd for the assistant on device fabrication.

References

1. RecommendationITU-T G.989.1, March, 2013

2. Zhang D. Strategy and development of PON and UniPON in China

Mobile (Invited). In: Proceedings of Asia Communications and

Photonics Conference, 2014

3. Mustafa H A B, Feng X, Alameh K. A 1�2 adaptive optical splitter

based on Opto-VLSI processor. In: Proceedings of High-Capacity

Optical Networks and Enabling Technologies (HONET), 2010,

pp.200–203

4. Zheng L, Zhu M. Variable optical power splitter based on slot

waveguide. In: Proceedings of SPIE 7630, Passive Components and

Fiber-based Devices, 2009, 76301D

5. Zeng Y, Liu W, Long C, Luo Y, Xiao Q. A 1/spl times/2 variable

optical power splitter development. Journal of Lightwave Technol-

ogy, 2006, 24(3): 1566–1570

6. Costache F, Hartwig H, Bornhorst K, Blasl M. Variable optical

power splitter with field-induced waveguides in liquid crystals in

paranematic phase. In: Proceedings of Optical Fiber Communica-

tions Conference and Exhibition (OFC), 2014

7. Hanafusa H, Takato N, Hanawa F, Oguchi T, Suda H, Ohmori Y.

Wavelength-insensitive 2�16 optical splitters developed using

planar lightwave circuit technology. Electronics Letters, 1992, 28

(7): 644–645

8. Hida Y, Inoue Y, Hanawa F, Fukumitsu T, Enamoto Y, Takato N.

Integrated 1�32 PLC-splitter with 32 WDM couplers for fiber line

testing at 1.65 μm. In: Proceedings of 24th European Conference on

Optical Communication, 1998, pp.321–322

9. Keiser G. Optical Fiber Communications. 4th ed. Columbus:

McGraw-Hill, 2000, Chap.10

10. Luo Y, Zhou X, Effenberger F, Yan X, Peng G, Qian Y, Ma Y.

Time- and wavelength-division multiplexed passive optical network

(TWDM-PON) for next-generation PON stage 2 (NG-PON2).

Journal of Lightwave Technology, 2013, 31(4): 587–593

Dechao Zhang received the Ph.D. degree
from the Department of Communication and
Information System, Peking University in
2007, and joined China Mobile Research
Institute (CMRI) since then. Now he is
acting as a project manager and senior
engineer in CMRI, major in the area of
optical transport and access network. He has
been engaged in the research on passive

optical network (PON), high speed transmission system, and new
kinds of fibers, and responsible for the technical specification
formulation, equipment testing, and the study of development
strategy for new optical access technologies.

Han LI received the B.E. and Ph.D. degrees
from Beijing University of Posts and
Telecommunications in 1999 and 2002,
respectively. He is the deputy director of
the network department of China Mobile
Research Institute and in charge of transport
and IP technology. He has delivered more
than 100 contributions to ITU-T and IETF
on MPLS-TP, OTN, PON and time syn-

chronization areas. He holds more than 30 domestic and interna-
tional patents and has published many scientific papers.

Lei WANG is Senior Engineer, Technical
Manager of China Mobile Research Insti-
tute. He has been working on the study of
the optical transport and access networks
since he got the Ph.D. degree of electrical
engineering from Tsinghua University in
January, 2006. He is also the Deputy Leader
of the Working Group of Access and
homing networks in TC6, CCSA.

Liang GENG joined China Mobile
Research Institute (CMRI) after received
the Ph.D. degree in photonic engineering
from University of Cambridge in the UK in
2013. His research interests include high
speed multimode waveguide transmission
system, advanced multilevel modulation
scheme and low-cost visible light commu-
nication. He is now mainly involved in

PON, Smart ONU and 5G transport projects within CMRI.

60 Front. Optoelectron. 2017, 10(1): 57–61



Shiguang Wang received the Master
degree in electronics engineering from
Tsinghua University in 2010. He is cur-
rently working as a Research Engineer at
the China Mobile Research Institute
(CMRI). His current research interests
include PON, NG-PON, WDM-PON,
intelligent ODN and home gateway. He
has more than 30 publications in the
journals and conferences.

Sheng LIU received the B.E. degree in
electrical engineering from Tsinghua Uni-
versity, Beijing, China, in 2005, and Ph.D.
degree in optoelectronics from University
of Southampton, Southampton, UK, 2011
respectively. His research interests include
nonlinear optics, waveguide, and WDM
system. Now he acts as a project manager in
China Mobile Research Institute.

Yang Gao received the Master degree
from Zhejiang University, China, in 2007.
He leads Planar Lightwave Circuit (PLC)
R&D group in Sindi Telecom Equipment
Ltd to develop integrated optical wave-
guide chip.

Dechao ZHANG et al. Variable optical splitter based on wavelength-sensitive components and related intelligent PON 61


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


