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Multiplexed data based on packet compression

(b) Packet format

Optical code label

OTDM or WDM Ch. 1
OTDM or WDMCh. 2 OTDM or WDM Ch. 3

Optical label 
switching node Edge node

(with E/O format conversion)

(a) Network architecture

(Header)

Network architecture and packet format



Routing
Make a routing table   

Routing
Make a routing table   
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Label Processing
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(1 character = 8 bit)

Phone：64k

8000
character/s

2 page/s of A4

ADSL：50M

6.25 million
character/s

（x 800）

1500 page/s of A4

FTTH：100M

）

12.50 million
character/s

（x 2

3000 page/s of A4

14 cm
28 cm

440 m

< 1 mm

Let’s stack papers……

Performance of 160 Gbit/s
OPS:160G

）（x 1600

4.8 million page/s of A4

20 billion
character/s



EPS Router #2
16x16 (40G-IF, 1.28Tbps)

EPS Router #1
32x32 (10G-IF, 640Gbps)

Electronic Routers

Possibility of high speed node with low power

Performance : bit/J

Throughput
/port

100Mbit/J

1Gbit/J

10Gbit/J

10Gbps 100Gbps 1Tbps

10Mbit/J

OPS Prototype 
2x2 (TDM-160G-IF)

Electronic Processing
Speed Limitation

Optical Processing
Speed Limitation

OPS Prototype
2x2 (TDM-40G-IF)

OPS Systems

EPS: Electronic Packet Switch
OPS: Optical Packet Switch

Prospect of OPS

Next OPS node
(320G/640G-IF)
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Wideband switching (Electrical vs. Optical)
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Access Networks

OPS Backbone Networks

Edge Node

Core node
(OPS system)IP Packet

IP Packet

IP Packet

IP Packet

Access Networks

IP Packet

IP Packet

IP Packet

IP Packet

IP:192.168.0.1

Edge Node

Optical packet
Ethernet  Frame

Label: A

Colored packet generation
T (s)

T/16 (s)

IP Packet

IP over WDM-colored OPS network



IP Packet IP:192.168.0.1

Label:A Optical packetEthernet  Frame

IP:192.168.0.3

IP:192.168.0.2

Label: B

Label: A

Look-up Table

IP Packet

IP Packet

(DA) IP
Address

Optical 
Label

192.168.0.1 A
192.168.0.2 B
192.168.0.3 A

Ethernet
IP

TCP/UDP
App.

Ethernet
IP

TCP/UDP
App.

OPS

End host Edge of OPS End hostEdge of OPSOPS system
(Core of OPS)

40 Gbps or more OPS backbone network Ethernet metro/access
network

The 80GOP packet and the IP packet are one-to-one corresponding.

Ethernet metro/access
network

IP
OPSEthernet

IP
EthernetOPS

IP address 
information

IP address 
information

Concept of IP over WDM-colored OPS network
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TCP/UDP
App.
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IP

TCP/UDP
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OPS

End host End hostOPS system
(Core of OPS)

Look-up Table
(DA) IP
Address

Mac
Address

192.168.0.1 00-12…
192.168.0.2 00-1F…
192.168.0.3 00-15…

40 Gbps or more OPS backbone network Ethernet metro/access
network

Ethernet metro/access
network

Optical packet Label:A

Label: B

Label: A

IP Packet IP:192.168.0.1

Ethernet  Frame

IP:192.168.0.3

IP:192.168.0.2

IP Packet

IP Packet

IP
OPSEthernet

IP
EthernetOPS

IP address 
information

IP address 
information

Edge of OPS Edge of OPS

Concept of IP over WDM-colored OPS network

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



10Gbps Segmented 
Payloads

Packet
Segmentation

E/O(λ1)
E/O(λ2)

E/O(λ8)Look-up
Table

IP Header
Processing

Optical
Label

Encoder

10 Gbps Optical 
Payloads

Optical 
Label

10GbE-OP converter

Optical 
Payload

WDM-based 
Optical Packet

Optical 
label

• Tx.: Electro-absorption modulators (EAM) with distributed feedback 
(DFB) lasers

8
Label selection 

signal
IP 

Header
IP Payload

Ethernet  
Frame

Burst mode 
packet Tx. array

10GbE-OP converter and Packet Tx.



Code APayload

Input  packet

Label bank

Optical 
correlation

Code A

Code B

Code C

Label processor 
Output

Correlation 
output

Auto Auto 
correlationcorrelationTimeTime--spread spread 

payloadpayload

Copy

Copies of input 
packet

Code A

Code A

Code A

Cross Cross 
correlationcorrelation

All-optical label processing based on optical correlation 



Multiple
Label

Encoder

Multiple
Label

Decoder

Input 
pulse

Code #16

Code #1

Code #1

Auto 
correlation

Cross 
correlation

Code #2

• 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.

(a) Encoding (b) Decoding

Stack of processing devices

Processor

(PLC, FBG, Others)

A “multiple” processing device

Processor

(Proposed device)

Multiple optical label processing



Multiple encoder/decoder in a AWG like configuration

ACP

CCP

OC1

OC2

Δτ

OC1

δt

Code generation

Code recognition

See G. Cincotti, et al., IEEE/OSA J. Lightwave
Technol., vol.24, no.1, pp.103-112, 2006.
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(a) Waveforms of “encoder” output

(b) Waveforms of “decoder” output

Multiple-optical label recognition



Segmented 
Payload

O/E
O/E

O/E

Optical 
Payloads

Optical Packet

Clock & Payload
Optical
label

Look-up table

MAC Address
Generation

Packet
Desegmentation

OP-IP converter

IP Packet

Ethernet  Frame

Burst mode 
packet Rx. array

• The receiver consists of high-speed uni-traveling-carrier PD and a 
low jitter gated voltage controlled oscillator with digital ring PLL. 

Packet Rx. and OP-10GbE converter



Burst-mode Packet Receiver

• The receiver mainly 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). 

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

Electrical

Optical

GVCO

D-FF

Clock
output

Data
output

Clock and Data RecoveryO/E Converter
Optical
input

(UTC-PD)

(Gated VCO with Gating)
Gated VCO with Gating circuit

Prompt-rocking loop

Clock
output

AND
IN

Gating

Amp.



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, JWA73.

Commercially available one Developed EDFAs

EDFA

Burst Optical 
packet

50 ns /div 50 ns /div

Amplified packet Amplified packet



Burst mode EDFA

Input packet

Burst mode EDFA

Other EDFA 2

Other EDFA 1

Live demonstration @ NICT Booth #4025
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3D-HDTV Video Streaming over WDM-Colored OPS



Experimental Results 1
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Experimental Results 2
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Experimental Results 3

AWG

Rx.
Rx.
Rx.
Rx.
Rx.

Rx.
Rx.
Rx.

10GbE

Egress node

Clock & Payload

Rx.: Packet 3R Receiver

Network
Analyzer

(IP:192.168.0.2)

80GbOP 10GbE L3 Switch

OP-
10GbE

Converter

(h)

Time (200ps/div)

P
ow

er
 (a

.u
.)

Recovered clock by Packet Rx.

Data

Clock

Time (20ps/div)

(g)

P
ow

er
 (a

.u
.)

Eye of Recovered payload by Packet Rx.

Fr
am

e
Lo

ss
 ra

te

Transmitted rate (bps)

1.0E-07
1.0E-06
1.0E-05
1.0E-04
1.0E-03
1.0E-02

1.0E+06 1.0E+07 1.0E+08 1.0E+09 1.0E+10

(i)
Frame loss rate



Exhibition @ECOC, Cannes, 2006

HDTV
Monitor

OPS system

80GbOP 10GbE converter

10GbE 80GbOP converter
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Keihanna

Nara

Osaka

Kyoto

Field-trial of 160 Gbps OPS network

JGN2 testbed network
(http://www.jgn.nict.go.jp)

EN #1

EN #2

Keihanna

OPS system

Field SMF 16km

RDF(11.5km)

RDF(11.5km)

Nara
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Japan

Field SMF 16km

1x2 Switch

1x2 Switch

2x1 Coupler

2x1 Coupler

160Gbps WDM
Optical Packet
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Label “B”

OFC2007 PDP-04



JGN-II  R&D Network Core Structure

Kita-Kyushu Kanazawa
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NW-A : Testbed for network operation technology

NW-B : Testbed for Tera-bit class technology

Optical networks 
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management 
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Optical networks 
inter-domain 
interworking 
management 
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# OXC based 10 Gbit/s backbone
# Nation-wide 63 access points
# Optical testbed (DF) segments available

To USA

To 
Korea

http://www.jgn.nict.go.jp/08-library/08-9/index.html

Optical Testbed
@ Kansai area

Optical Testbed
@ Kansai area
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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 <10-6 and BER <10-9) operation with over 87km 
transmission by field installed fiber 

has been successfully demonstrated.
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