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Abstract

NTT isthe first company in the world to actively install fiber-to-the-home (FTTH) access networks.
Silica-based planar lightwave circuits (PLCs) are widely used as key devices for constructing FTTH
access networks because they are compact, mass-producible, and highly reliable. This article reviews

PLC devicesfor FTTH access networks.

1. Silica-based PLCs in FTTH access networks

The NTT Group has announced its plan to provide
optical accessto 30 million customersby 2010 as part
of its medium-term management strategy. It is now
actively developing the access networks, which
employ a broadband/gigabit Ethernet passive optical
network (B/GE-PON) [1], which is an economical
system where an optical transceiver in acentral office
called a B/GE optical line terminal (B/GE-OLT) is
shared among up to 32 customers, and a stable reli-
able systemis constructed solely with passive devices
outside the central office and the customer’s home.

The B/GE-PON systemisshowninFig. 1. The sys-
tem is composed of a B/GE-OLT, an optical splitter
inside the central office, several optical splitters out-
side the central office, a B/GE optical network unit
(B/GE-ONU) inside each customer’s home, and opti-
cal fiber lines that connect these components. Up-
and downstream data communication uses light with
wavelengths of 1.31- and 1.49-um, respectively. In
addition to providing this bidirectional data commu-
nication, the B/GE-PON can also broadcast video
datausing 1.55-um light. A video-OLT (V-OLT) and
avideo-ONU (V-ONU) are located in paralel to the
B/GE-OLT and B/GE-ONU using WDM (wave-
length division multiplexing) filters. NTT has devel-
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oped an automatic optical fiber line monitoring sys-
tem called AURORA [2] to maintain the high relia-
bility of the optical access networks. It is composed
of an optical testing module and optical couplersboth
located inside the central office, and an optical fiber
termination filter located at the customer’shome. The
optical testing moduleis composed of an optical time
domain reflectometer (OTDR) and an optical fiber
switch to select an optical subscriber line. An OTDR
test pulse can be coupled into the optical subscriber
line by awavelength-insensitive coupler (WINC) and
used to monitor the optical subscriber line.

We have been developing silica-based planar light-
wave circuits (PLCs) for twenty years. They have
several advantages: they are compact because they
are integrated circuits, have good mass-producibility
because they are fabricated using photolithography
and reactive ion etching which were mainly devel-
oped as LS| processes, and they have high reliability
because they are composed of extremely stable silica
glass. The optical splitter, WINC, and WDM filter
have been developed through the use of silica-based
PLCs, and some of these devices have aready been
installed in commercial systems.

2. Optical splitter for PON

NTT soptical access networksuseboth 1 x 4and 1
x 8 optical splitters[3]. They are installed inside the
central office and in closures or cabinets near cus-
tomers homes to enable the B/GE-OLT to be used
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Fig. 1. Configuration of FTTH system.

efficiently. The B/GE-PON system provides broad-
band service to up to 32 customers by combining
these 1 x 4 and 1 x 8 optical splitters. The optical
splitters located outside the central office must be
highly reliable. Moreover, compactness and mass-
producibility are necessary. Silica-based PLCs satis-
fy these requirements. The silica-based PLCs and
optical fibers are directly connected with UV-curable
adhesive (UV: ultraviolet light), and the long-term
stability of the connection has been confirmed [4].
This lens-free butt-joint connection lets us provide
simple, compact, and mass-producible optical mod-
ules. The splitter module is only 4 mm x 4 mm x 40

Outputs

Input

(a) Configuration

Insertion loss (dB)

mm.

Asshownin Fig. 2(a), the optical splitter isformed
by arranging several Y-branchesin series. The optical
loss spectra for a 1 x 8 optical splitter module are
shown in Fig. 2(b). Very uniform and flat spectraare
obtained for wavelengths from 1.2 to 1.7 um. The
insertion lossislessthan 10 dB including anintrinsic
dividing loss of 9 dB. This loss uniformity and flat
wavelength response is afeature of the PLC splitter.

This excellent optical splitter developed in NTT is
one of the fundamental technologies that let us con-
struct the first commercial B/GE-PON system in the
world.
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(b) Insertion loss spectra

Fig. 2. Configuration and optical performance of 1 x 8 PLC splitter.
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3. WINC for optical line monitor

The fiber monitoring system AURORA monitors
the time-dependent reflection of a short optical pulse.
The pulse generated by the testing moduleis coupled
into an optical subscriber line viathe WINC to mon-
itor theline. The WINC is used to couple not only the
test pulse but also the optical communication signal.
Therefore, its coupling ratio should be insensitive to
the wavelength. Its wavelength insensitivity is
attained by combining two directional couplers with
different coupling ratios and a short delay line of less
than 1 pm, as shown in Fig. 3(a) [5]. Although the
conventional directional coupler has strong wave-
length dependence, the WINC achieves wavelength
insensitivity by canceling out the wavelength depen-
dence of the two directional couplers with a phase
mismatch induced by the short delay line. The wave-
length response of a 16-channel integrated WINC is

shown in Fig. 3(b). The wavelength dependence is
successfully suppressed and the spectra are flat. As
this example shows, a PLC can utilize the wave
nature of light. A WINC is also superior in terms of
compactness, and an 8- or 16-channel WINC can be
integrated on a single chip.

4. WDM filter for video distribution

The B/GE-PON can provide a video distribution
service as well as bidirectional data communication
by using a different wavelength band. A WDM filter
is used to multiplex/demultiplex video distribution
and data communication signals. The WDM filter in
each customer’s home must be both inexpensive and
compact. The configuration of theWDM filter and its
wavelength spectra are shown in Fig. 4. The WDM
filter consists of intersecting waveguides and a thin-
film filter located in a groove formed at the intersec-
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Fig. 3. Configuration and optical performance of 16-channel WINC.
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Fig. 4. Configuration and optical performance of WDM filter for video distribution.
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tion. Theinsertion loss increases with the filter thick-
ness, so thiscircuit employsathin-filmfilter based on
apolyimide substrate [6], instead of aglass substrate,
because it allows a much thinner filter: 5 um com-
pared with 100 um for glass. In theintersecting wave-
guide, diffraction in the thin-film filter is suppressed
by enlarging the spot size by using a tapered wave-
guide [7]. This suppression of diffraction is effective
in achieving a sharp roll-off spectrum. As aresult, a
low loss of lessthan 1 dB and a sharp spectrum are
obtained as shown in Fig. 4(b). A WDM filter using
aPLC issimple and can be constructed with a small
number of elements, soit issuperior in terms of com-
pactness and cost.

5. Next-generation optical devices

Various kinds of PLC-based optical devices that
can flexibly meet system requirements are being
investigated. One exampleisan optical splitter incor-
porating a WDM function as shown in Fig. 5 [8].
Another is an athermal arrayed-waveguide grating
(AWG) wavelength multiplexer whose center wave-
length is independent of temperature [9], which
means it does not need an electricity supply.

A PLC can utilize the wave nature of light and
achieve high functionality. PLCs can be readily
designed on a personal computer, and their fabrica-
tion and assembly technologies are well established.
Their long-term stability has also been confirmed.
Therefore, PLC technologies enable highly function-
a devicesto be devel oped quickly and inexpensively.

6. Future development

Optical devices for the access networks are used
under uncontrolled conditions and their acceptable
size is limited. Therefore, they must be both highly
reliable and compact. Moreover, they must be inex-
pensive because the cost cannot be shared among
many customers in the same way that the cost of the
trunk line can. We will continue to develop optical
devices based on PLCs and thus contribute to the
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development of the optical access networks.
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