
state, an ultrafast routing controller (TOAD1 with Ax = T d2) 
that all-optically sets the state of the routing switch (TOAD2), and 
an optical buffer that matches the delay of the input packet to the 
processing delay of the routing controller. Fig. 2a shows the input 
multiplexed high intensity clock and two packets: ‘1110..0’ and 
‘1010..0’. The 4ps temporal separation of the header bits results in 
the different headers appearing as cumulative ‘double height’ (101 
bit sequence) and ‘triple height’ (111 bit sequence) pulses when 
observed on a limited bandwidth oscilloscope (Fig. 2b). 
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Fig. 2 Node input 
a Timing diagram 
b Incoming packets on limited bandwidth oscilloscope 
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Fig. 3 Output of switch: address bit ‘2’ used as routing signal 

a Timing diagram (different packets appear as cumulative ‘double 
height’ (101 hit sequence) and ‘triple height’ (111 bit sequence) 
pulses on a limited bandwidth oscilloscope) 

b Experimental demonstration 

After entering the node, the clock is separated from the optical 
packet using a polarisation beam splitter, 1’s. Before entering the 
buffer, a portion (10%) of the packet is split off and sent to 
TOAD1 which then reads the packet destination address bit. The 
demultiplexed address bit, after passing through an optical isolator 
(01), is amplified in a semiconductor optical amplifier (SOA) and 
then used as the oDtical routine. control for the routine. switch 
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(TOAD2). 
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Fig. 4 Output of switch: address bit ‘I’  used as routing signal 

a Timing diagram (different packets appear as cumulative ‘double 
height’ (101 hit sequence) and ‘triple height’ (111 hit sequence) 
pulses on limited bandwidth oscilloscope 

b Experimental demonstration 

In a single bit routing scheme, we first use address bit 2 (alter- 
nately ‘1’ or ‘0’) as the routing bit for TOAD2. Packets with 
address bit 2 of value ‘1’ are routed to output port out 2, while 

packets with an address bit of value ‘0’ are routed to output port 
out 1. This results in triple height pulses (the packets with header 
‘1 11’) at output port out 2, and double height pulses (the packets 
with header ‘101’) at output port out 1 (Fig. 3 4 .  Fig. 3b is an 
oscilloscope photograph of the outputs of the routing switch 
TOAD2 as seen on a bandwidth limited oscilloscope. In the next 
experiment, we use bit 1 (always ‘I7) as the routing bit. In this 
case, both packets are routed to output port out 2 (Fig. 4u). This 
results in zeros at output port out 1 and alternate double height 
(packets with header ‘101’) and triple height (packets with header 
‘11 1’) pulses at output port out 2. Fig. 4b is an oscilloscope photo- 
graph of the outputs of routing switch TOAD2 as seen on a band- 
width limited oscilloscope. 

In conclusion, we report the first demonstration of all-optical 
ultrafast switching with single bit all optical routing control in a 
banyan-type network. Both ultrafast address recognition and 
ultrafast routing of photonic packets were performed all-optically 
on a header in which the bit period was of only 4ps duration (e.g. 
at 25OGbit/s data rate). Photonic packets were self-routed through 
an all-optical ultrafast switch without the need for optoelectronic 
conversion. Two TOADS were used in different regimes: (i) as an 
ultrafast all-optical routing controller, and (ii) as an ultrafast all- 
optically controlled routing switch. The bit error rate at the 
switching element was measured to be < le9. All of these results 
indicate that the TOAD is a well-suited device for applications in 
ultrafast all-optical banyan networks. 
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In-service passive surveillance system for 
optically-amplified branched networks 

C.K. Chan, F. Tong, L.K. Chen and D. Lam 

Indexing terms: Optical communication, Fault diagnosis 

The authors experimentally demonstrate a passive surveillance 
system for in-service fault identification in optically-amplified 
branched networks. The proposed scheme only requires fibre 
Bragg gratings to be placed on dfferent fibre branches and needs 
no extra laser source as required in conventional and multi- 
wavelength OTDR. The reflected monitoring channels are 
demultiplexed by an array-waveguide grating and detected by a 
power sensor array. The link status of all fibre branches can be 
monitored continuously and simultaneously through the Internet. 
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Introduction: Optically-amplified passive branched optical net- 
works (OA-PBONs) are very promising and cost-effective architec- 
tures for future subscriber networks such as CATV and fibre-to- 
the-home systems. To ensure a reliable transmission of data chan- 
nels over the subscriber networks and to maximise the link utilisa- 
tion, it is essential to have a non-intrusive and cost-effective 
surveillance system to identify the faults along the fibre link in a 
timely manner and continuously while the data channels are still 
in service [l, 21. Previously, we have proposed a passive surveil- 
lance scheme [3] for in-service fault identification using fibre Bragg 
gratings (FBGs) and the unused portions of the optical amplifier 
spectra as the sources. In this Letter, a system demonstration on 
this surveillance scheme is reported. 

I x N  stage - . - . . - . . - . . - 
! &. . . .  
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i to next 
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Fig. 1 M a r y  tuee-branched OA-PBON and proposed in-service surveil- 
lance system f o r  IXN stage 

a M-ary tree-branched OA-PBON 
b In-service surveillance system for 1xN stage 
Note: optical isolator can he removed when optical circulator is used 
instead of coupler 

Surveillance scheme: Fig. la shows the overall M-ary OA-PBON 
considered which consists of multiple 1xN stages. In each stage, an 
optical amplifier is placed before the N-splitting branches to com- 
pensate for the splitting and fibre attenuation losses (Fig. lb). In 
our scheme, the unused spectra of the optical amplifier are used as 
the source, and no extra light sources are used as in conventional 
and multi-wavelength OTDR techniques [l, 21. An FBG is placed 
on each branch to slice and reflect the amplifier's amplified spon- 
taneous emission (ASE) power at a designated wavelength other 
than the data signal wavelengths and to form a monitoring chan- 
nel for that branch. If an erbium-doped fibre amplifier (EDFA) is 
chosen as the amplifier, the wavelength ranges of the monitoring 
channels should be assigned at 1525-15401x11 and 155&1566nm, 
which are outside the EDFAs flat gain region reserved for carry- 
ing data signal wavelengths. The centre wavelengths for the FBGs 
in the N-branches are all different in the same stage, but identical 
wavelength assignment can be repeated in each stage since the 
positioning of the stage can simply be identified by the monitoring 
receiver responsible for that stage. The mass duplication of com- 
ponents reduces the manufacturing and maintenance costs and 
makes the entire surveillance scheme cost-effective. The monitor- 
ing signals are extracted using an optical circulator or a fibre cou- 
pler, and are detected by a WDM receiver in that stage. The 
WDM receiver can be an array-waveguide grating (AWG) fol- 
lowed by a power sensor array. Fault indications are judged by 
whether the reflected monitoring signals are above or below a cer- 
tain decision threshold set by the comparator circuitry following 
the WDM receiver. Any abrupt link discontinuity between the 
FBG and the splitter is signified by a weak reflection in the moni- 
toring channel, indicating that the branch is at fault. A healthy 
link condition is characterised by a strong reflection from the 
FBG. The monitoring information can be processed by simple cir- 
cuitry following the WDM receiver before being transmitted back 
to the network operators. 

Successful operation of the proposed scheme requires accommo- 
dation of the temperature changes which will detune the reflection 
centre wavelength of the FBGs in the branches. We assume that 
the WDM receiver operates in a thermally controlled environ- 
ment. Such thermal detuning implies an increase in the spacing 
between the monitoring wavelengths, and thus limits the number 
of branches that can be monitored in each stage. Each passband 
of the WDM demultiplexer, measured at the crossover point, 
should at least cover the maximum spectral deviations derived 
from the temperature changes in the FBG. This is justifiable 
because for best performance, the decision threshold for the moni- 
toring signals is set slightly above the noise level, a level well 
below the crossover point. Using an unused EDFA's ASE spectra 
of 23nm, thermal detuning of 0.0ln""C in our typical FBG of 
bandwidth lnm, and an operational temperature range of 4 to 
+44"C, the passband of the demultiplexer should be at least 
1.48nm; the maximum number of available monitoring channels is 
-15. 

The setting for the decision threshold depends on the system 
configurations such as the amplifier gain, the number of optical 
channels, the distance separating the FBG from the power sensor, 
and the location of the fault along the fibre branch (near-far effect 
in back-scattering), etc. Disregarding the causes of the fault, the 
reflected monitoring signals mostly consist of unguided modes and 
should be very weak. The decision threshold can then be safely set 
at a few decibels above the maximum backreflection 
the fault occurs nearest to the WDM receiver. 

level when 

received power,dBm 125512/ 

Fig. 2 BER performance of I Gbit/s (2'O-I PRBS) NRZ data channel at 
1555nm 

Detected at branch 1 with and without surveillance scheme: 
0 with scheme 
A without scheme 

Surveillance system: We demonstrate here a single 1xN stage sys- 
tem instead of an M-stage OA-PBON, since the M-stage is a mere 
duplication of multiple 1xN stages. The experimental setup is sim- 
ilar to that in Fig. 16. The reflected monitoring channels are 
demultiplexed by an AWG (PIRI AWG-16x16-100G-1.5-1) and 
the outputs are connected to power sensors capable of detecting 
signal levels down to -90dBm. The monitored signals are continu- 
ously processed and the link status is automatically updated to a 
world-wide-web server which can be accessed by a remote site via 
the Internet. 

In our demonstration, the 1XN stage has four branches (via a 
1x4 coupler) with fibre lengths L, = 8.8km, = 6.6km, and FBG 
wavelengths centred at h, = 1557.5nm, & = 1559.9nm; branches 3 
and 4 are left unmonitored. The 3dB full-width passband, the 
thermal detuning and the reflectivity of each FBG (JDS FBG) 
used are 0.9nm, O.Olnm/"C and 90% respectively. The AWG used 
in the WDM receiver has an insertion loss of 4dB, a full-width 
3dB passband of 0.4nm, a crosstalk level of -30dB and a crosso- 
ver level of 17dB between adjacent passbands. A 1 Gbib's (2'O-l 
PRBS) NRZ data channel at 1555nm with a transmitted power of 
6dBm is inputted to the optical amplifier. Fig. 2 shows the bit 
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error rate performance of the data channel at the end of branch 1; 
results without the surveillance scheme are also shown for refer- 
ence. A Fabry-Perot optical filter with a 1 nm 3dB full-width pass- 
band is used to reduce the ASE noise from the amplifier. As 
shown in the Figure, our scheme shows no observable degrada- 
tion. Instead, there is -1.3dB improvement in receiver sensitivity 
at BER = le9 which is due to a reduction in the ASE noise power 
by the in-line FBG. 

1 
? 
m 
-0 
N 

(255/3( 

Fig. 3 Output spectrum of A WG when branch 2 is disconnected 
Start 1556.26nm, stop 1574.07nm 

To simulate the fault identification process, the fibre of branch 
2 is intentionally disconnected at a location close to the FBG, and 
the reflected spectrum after the AWG is shown in Fig. 3. The deci- 
sion threshold is set at -57dBm, taking into account the near-far 
effect of 2dB in backscattering. The measured peak reflection 
power at & at the WDM receiver before and after the disconnec- 
tion are 40 .5  and -61 dBm, respectively, clearly indicating that 
branch 2 is at fault after the disconnection. Similar results are 
obtained for branch I .  

Summary: We have experimentally demonstrated the system oper- 
ation of our proposed passive surveillance scheme for optically- 
amplified branched optical networks. The in-service data channels 
are not interrupted or degraded and the link status of all fibre 
branches can be monitored continuously and simultaneously by 
remote hosts via the Internet. 
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Polarisation modulators with polygonal 
fibres 

K. Yoshida, S. Nishikawa, T. Hikami, T. Sugimura, 
T. Yagi and T. Morikawa 

Indexing terms: Optical modulation, Optical fibres 

Polarisation modulators with either square fibres or regular 
octagonal fibres have been fabricated for the first time. The 
frequency responses of the modulators were measured and 
compared to a polarisation modulator with a round fibre. The 
results showed that the new modulators have a much higher 
modulation efficiency and a greater number of active frequency 
ranges than do round-fibre modulators. 

External modulators are widely used both in optical sensors and 
for optical communications. If communication signals are con- 
verted to optical signals and transmitted through optical fibre 
from its side by using a modulator, it is possible to send various 
kinds of information, such as digital data and video signals, from 
multiple points through only one optical fibre. For phase modula- 
tion, various modulators have been fabricated [l - 31. However, 
the use of phase modulators in the transmission of video signals 
has not been reported because they do not have suitable frequency 
characteristics. In the case of polarisation modulators, Fujisaki et 
al. [4] realised a PZT modulator for an optical talk set, and the 
authors proposed a polarisation modulator which consists of a 
support substrate having a thin ZnO deposited layer and a round 
optical fibre 15, 61. While two of that modulator in series make it 
independent of the polarisation of guided light, an AM video sig- 
nal was sent through an optical fibre at an SNR of > 42dB [6]. 

However, this modulator has low sensitivity leading to difficul- 
ties in practical use. We therefore tried to improve the sensitivity of 
the modulator and realised new polarisation modulators. This 
report deseribes the improved modulators and their characteristics. 

Fig. 1 Configuration of fabricated polarisation modulator with square 
fibre 
(i) upper electrode, (ii) piezoelectric layer, (iii) lower electrode, 
(iv) support substrate, (v) square fibre 

Fig. 1 shows a configuration of a fabricated polansation modu- 
lator with a square fibre. This modulator has a square fibre 
instead of the round fibre in previous modulators [5, 61. The new 
modulator consists of a support substrate which has a lower elec- 
trode, a thin piezoelectric f h  and an upper electrode which are 
sequentially deposited on the substrate, and a square fibre. The 
support substrate is a silica-glass plate of 0.3" in thickness. The 
lower and upper electrodes are made from thin Au film deposited 
by a vacuum deposition technique. The piezoelectric film consists 
of a 5 p  thick ZnO layer deposited by a magnetron sputtering 
machine. The polarisation modulator in Fig. 1 uses a regular 
octagonal fibre instead of a square fibre. 

A square fibre and a regular octagonal fibre were fabricated by 
the method mentioned in [7]. Their core and cladding are made of 
Ge02-Si02 and SiO, glass, respectively, and a relative refractive 
index difference of the core-cladding is 0.34%. The square fibre 
has 1 2 4 . 4 ~  long sides and a cutoff wavelength of 1 . 2 5 ~ .  The 
attenuation loss is 0.69dBikm at 1 . 3 ~  and 0.80dBikm at 1 . 5 5 ~ .  
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