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Network architecture and packet format

(a) Network architecture
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OPS Prototype Development by NICT
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Performance of 160 Gbit/s

Phone: 64k ADSL:50M FTTH:100M OPS:160G
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Possibility of high speed node with low power

Performance : bit/J
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Wideband switching (Electrical vs. Optical)
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IP over WDM-colored OPS network
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Concept of IP over WDM-colored OPS network

End host Edge of OPS OPS system Edge of OPS End host
App. (Core of OPS) App.
IP address IP address
TCP/UDP information information TCP/UDP
IP IP =t |IP IP
Ethernet |€¢——p |Ethernet| OPS <—>-<—> OPS |Ethernet| €| Ethernet

40 Gbps or more OPS backbone network Ethernet metro/access

Ethernet metro/access
network network
Ethernet Frame Label:A Optical packet | gok-up Table
A .
. R | (DA) IP Optical
P192.168.0.1 MI—P Address | Label
IP:192.168.0.2 : 192.168.0.1 A
75 Packel | I 102.168.02 | B
IP:192.168.0.3 “Label: A 192.168.0.3 A |

The 80GOP packet and the IP packet are one-to-one corresponding.
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Concept of IP over WDM-colored OPS network

End host Edge of OPS OPS system Edge of OPS End host
App. (Core of OPS) App.
IP address IP address
TCP/UDP information information TCP/UDP
IP IP Q% FD IP IP
Ethernet |e=———p|Ethernet| OPS <—>-<—> OPS |Ethernet| €| Ethernet
Ethernet metro/access 40 Gbps or more OPS backbone network Ethernet metro/access
network network
(DA) IP Mac —— La IP Packet ||
Address A
Address : : : ; P Packet | 1P-192.168.0.1 "
192.168.0.1 00-12... IP:192.168.0.2 E
192.168.0.2 00-1F...
192.168.0.3 | 00-15... I P Packet
\Label: A IP:192.168.0.3

We develop novel interfacing technologies to connect between
10Gb Ethernet and 80Gbps OPS networks, and demonstrate the
IP over WDM-colored OPS network. NI‘CT




10GbE-OP converter and Packet Tx.

Burst mode
packet Tx. array
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All-optical label processing based on optical correlation
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Multiple optical label processing

» We first introduce 200 Gchip/s multiple optical code (OC) encoder/decoder with
an arrayed waveguide configuration.

» It can generate and recognize simultaneously sixteen different 16-chip optical
phase shift keying codes with low latency.

» The processing rate is 13 Gpacket/s.

Stack of processing devices A “multiple” processing device
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Multiple encoder/decoder in a AWG like configuration
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See G. Cincottl, et al., IEEE/OSA J. Lightwave
Technol., vol.24, no.1, pp.103-112, 2006.
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Multiple-optical label recognition
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Packet Rx. and OP-10GbE converter

Burst mode
packet Rx. array

OP-IP converter
|m————mmmmm————

Optical Packet Optical Segmented | Ethernet Frame
Payloads | Payload |
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e The receiver consists of high-speed uni-traveling-carrier PD and a
low jitter gated voltage controlled oscillator with digital ring PLL.
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Burst-mode Packet Recelver

O/E Converter : Clock and Data Recovery
Optical é Opticall L __ Data
—é — M D- —>

Electrical —  Input | Z'X L D-FF . output
_(UTC-PD) | | l |

| Clock

B T R I GVCO i boutput
" Gated VCO with Gating circuit |

Gating AND s _______________________________________________i
™ T »Clock }

N v
; T . output

Aﬂp.

e The receiver malnly consists of specially tuned high-speed UTC (uni-
traveling-carrier) PD and a low jitter gated VCO (voltage controlled
oscillator) with digital ring PLL (phase lock loop).

e The gating circuit and the PLL enable very fast synchronization time
(< 1 ns) of the output clock phase with the input data phase.
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Burst mode EDFA

« A transient response of EDFA distorts the waveform of short-term
optical packet.

 Many EDFAs are used in systems and networks. The cumulative
transient response effect is very big.

* We developed a new EDFA which adopted EDF with enhanced active
erbium area and successfully suppressed the transient response.
Y. Awaji, et al., CLEO 2007, JTuA133, 2007 and OFC2008, JWAT73.

Burst Optical
packet Amplified packet Amplified packet

WTIET [ 50ns/dv]

L | Commercially available one Developed EDFAs
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Burst mode EDFA

Live demonstration @ NICT Booth #4025
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3D-HDTV Video Streaming over WDM-Colored OPS
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10GbE Frame
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Experimental Results 2
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Experimental Results 3

Recovered clock by Packet Rx.

Eye of Recovered payload by Packet Rx.

—~ | (A —~ (h) S o R R R
(Y = [\ L O . A

- : P A AN A P A A W T e

© e © oA Aty i V| Data
— — S I ks i S R

o 5 ==

= =i A amawawA /ﬁ\ AR R

o O Mo V= Clock
o o Vv VA N VYA V A VA R VAR

==y
Time (200ps/div)

Time (20ps/div)

Frame loss rate
@ 1.0E-02 — Egress node
@ 10E-03 | : : NG ;
B 1.0E-04 e '
o™ !
3 1.0E-05 @ oPp-
& 1.0E-06 - a j 10GbE
E Converter
' 1.0E-07
1.0E+06 1.0E+07 1.0E+08 1.0E+09 1.0E+10 | ' ;
e Clock & Payload s

Transmitted rate (bps) Rx.: Packet 3R Receiver




Exhibition @ECOC, Cannes, 2006

10GbE - 80GbOP converter OPS system

HDTV
Monitor

80GbOP - 10GDbhE converter
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Field-trial of 160 Gbps OPS network

OFC2007 PDP'O41 50Gbps WON JGN2 testbed network

Optical Packet http://wWww.jgn.nict.qo.j
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EH #3 EN #3 |« Q
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__________________________ I Field SMF 16km '- - -
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JGN-II R&D Network Core Structure

# OXC based 10 Gbit/s backbone
# Nation-wide 63 access points
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JGNIT
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# Okinawa Optical Testbed
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Network

Setup and Results 1
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160Gbps
Optical Packet
with label “A”

160Gbps
Optical Packet
with label “B”

Setup and Results 2
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Setup and Results 3
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Packet-loss-rate / Bit-error-rate
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Summary

160 Gbps/port WDM-colored OPS network with
> all-optical multiple label processor,
> arrayed burst mode Tx./RX.,
> 10GbE/optical packet converter, and
> a novel transient response suppressed EDFA,

> error free (PLR <10° and BER <10-°) operation with over 87km
transmission by field installed fiber

has been successfully demonstrated.
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