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Network OverviewNetwork Overview
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Various HighVarious High--Speed InterfacesSpeed Interfaces

OC-1
STM-0

OC-3
STM-1

OC-12
STM-4

OC-48
STM-16

OC-196
STM-64

OC-768
STM-256

OTU1 OTU2 OTU3

52M 156M 622M 2488M 9953M 39813M

2677M 10709M 42836M

Telecom 
Interfaces

IEEE1394b

1xInifiBand

IEEE1394b IEEE1394b

400M 800M 1600M

2500M

USB2.0

480M

Server/Client
External I/O

x4, x12

1xFC

Gibe

2xFC 4xFC

1250M

1063M 2125M 4250M

Datacom Interfaces 10xFC

10GbE

10519M

10313M

10GbEoverFEC

11096M

10xFCoverFEC

11318M

SATA 1.0

1500M

SATA IIP2

3000M

Interoperability

2500MPCI-Ex

x2, x4, x8, x12, x16, x32

XAUI

3125M x4

HSBI

4976 to 6375M

SFI4P2
～3125M x4

SPI4

200M

SFI4P1

622M x16

Rapid I/O

1000M

XSBI

622M x16

XGMII

313M

CEI 11+

9953 to 11100M

SFI5P1

～3125M x16

TFI

2488/3110M

Bit RateBit Rate

10MbE

20M

100MbE

125M

2.5G

SFI5P2

～9953M x4
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Network Equipment CompositionNetwork Equipment Composition

Interface Card

TOSA/ROSA

Transmission Equipment 
/Switch/Router

SFP/SFF/GBIC
XFP/XPAK/X2/XENPAKOptical Transceiver

TOSA/ROSA/BOSASubassembly

CAN type LD/PD, PHY ICOptical Parts

LD/PD ChipDevice

Optical Transceiver
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Optical Transceivers (MSA Modules)Optical Transceivers (MSA Modules)

10G/40GSmall, SFI-4P2SFI-4P2/PCI CardSmall, XAUI supportSmallSmallFeatures

SDH/SONETSDH/SONET
10GbE/FEC

10GbE10GbESDH/SONET
10GbE/10GFC

ATM/FDDI/FC/Gibe
SDH/SONET

Application

x16 (SFI-4P1)
x16 (SFI-5P1)

x4 (XAUI/SFI-4P2)x4 (XAUI/SFI-4P2)x4 (XAUI)SerialSerial Electrical I/F

10G/40G9.95 to 11.2G10.3G10.3G9.95 to 10.75G100M to 4GBit Rate

Form

300pinXPAKX2XENPAKXFP (Ziffy)SFF / SFP

Width 36

18 Height

Depth  121
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XFP Block DiagramXFP Block Diagram
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Optical Transceiver Manufacturing ProcessOptical Transceiver Manufacturing Process

All 
numbers 

check

Repair

Check  for non-
standard module

Post-processPre-process

Module
Assembly

Tx/Rx Adjustment
Shipment

Optical Features 
& Mechanism

Parts Acceptance 
Inspection

Substrate Adjustment/

Measurement
Performance Check Final 

Inspection

Modules returned from field

・BERTS:  MP1800A
・Wavelength counter:86120C
・Optical ATT:  8156
・Multimeter:  34401
・OPM:  MT9810B
・Oscilloscope:  86100Ａ

・BERTS:  MP1800A
・Wavelength counter:86120C
・Optical ATT:  8156
・Multimeter:  34401
・OPM:  MT9810B
・Oscilloscope:  86100Ａ

・BERTS:  MP1800A
・Jitter Analyzer:  MP1590B
・OSA:  MS9710C
・Wavelength counter: 86120C
・Optical ATT:  8156
・Multimeter:  34401
・OPM:  MT9810B
・Oscilloscope:  86100Ａ
・Power Supply:  6612
・Long Fiber
（20/40/80 km）

External 
Check

Checked using 
Temperature-controlled 
Bath

Microscope

BER (PN)
Optical Output Power
Sensitivity
Wavelength

BER (PN)
Optical Output Power
Sensitivity
Mask Measurement

BER (Frame/Margin)
Optical Output Power
Sensitivity
Mask Measurement
Jitter Measurement (Frame)
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Key Measurement ParametersKey Measurement Parameters
Tx Measurement Parameters ITU-T G.957

SDH/SONET
IEEE 802.3ae

10GbE
IEEE 802.3z

GbE
ANSI FC-PI
FC 1G/2G

Center Wavelength ◎ ◎ ◎ ◎

Average Launch Power ◎ ◎ ◎ ◎

RMS Spectrum Width ◎ ◎ ◎ ◎

-20 dB Spectrum ◎

Side-mode Suppression Ratio ◎ ◎

Extinction Ratio ◎ ◎ ◎

Optical Modulation Amplitude ◎ ◎

Mask of Eye Diagram ◎ ◎ ◎

Rise Time/Fall Time ◎ ◎

Transmitter and Dispersion Penalty ◎

Jitter Generation ◎

Relative Intensity Noise ◎ ◎ ◎

Optical Return Loss Tolerance ◎

Rx Measurement Parameters ITU-T G.957
SDH/SONET

IEEE 802.3ae
10GbE

IEEE 802.3z
GbE

ANSI FC-PI
FC 1G/2G

Wavelength ◎ ◎ ◎ ◎

Average Receive Power ◎ ◎ ◎ ◎

Receiver Sensitivity ◎ ◎ ◎ ◎

Receiver Reflectance ◎

Return Loss ◎ ◎ ◎

Min. Overload ◎

Stressed Receiver Sensitivity ◎ ◎ ◎

Vertical Eye Closure Penalty ◎ ◎ ◎

Stressed Eye Jitter ◎

Receive Electrical 3 dB Upper Cut Off Frequency ◎ ◎ ◎

Stressed Receiver DCD Component of DJ ◎
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Key Measurement ParametersKey Measurement Parameters
Transmitter Section
Measurement Parameter Symbol Unit Explanation
Average Optical Output Power Pout dBm Average Optical Output Power
Center Wavelength λ nm Center Wavelength
Spectral Width σ nm Spectral width of -20dB down from the peak level of optical signal
Sidemode Suppression Ratio SSR dB Ratio between the peak and Side mode
Extinction Ratio ER dB Ratio between Data "1" and "0" of Optical power using PRBS pattern
Optical Modulation Amplitude OMA μW It is difference in optical power for "1" and "0" levels of the optical signal

using Square pattern
Optical Rise/Fall Time Tr ps Time to rise/fall between 20% and 80% of Signal level
Jitter P-P/RMS ps peak to peak / RMS value at cross point of Optical waveform
Transmitter Eye Mask Good/NG test which the required pulse shape characteristics are

specified in the form of a mask of the transmitter eye diagram.
Data Input Swing Vin Vpp Electrical Input level for Optical output
Transmit Enable/Disable Voltage VEN/VD V Power-on / Shut-downVoltage of Optical signal

Transmit Disable Assert Time us Transmit Disable Assert Time of Optical signal

Receiver Section
Measurement Parameter Symbol Unit Explanation
Minimum Sensitivity Rsens dBm Minimum Optical power which measured at 10-12 (or 10-10)BER
Overload Pmax dBm Maximum Input Power
LOS Assert/De-Assert LOSA/LOSD dBm Optical input power which LOS is detected

LOS Hysteresis dB Difference power between detction and removal of LOS detection
Data Output Swing Vout Vpp Electrical Output Amplitude level for Single end
Data Output Rise/Fall Time Tr ps Time to rise/fall between 20% and 80% of Signal level
LOS Signal Level V High/Low Voltage of LOS indicate signal output
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Key Measurement ParametersKey Measurement Parameters

Rise Time Time to rise from 20% to 80% of signal level
Fall Time Time to fall from 80% to 20% of signal level
Extinction ratio Ratio of optical power of “0” and “1” data 
Jitter Time variation of rising or falling edge of optical waveform
Min. Sensitivity Optical power of input signal to achieve 10-10 or 10-12 BER

Test procedure described in IEC61280-2-1, 61280-2-2

Pow
er (dB

m
)

Time (ps)

B
ER

Input optical power (dBm)

Tr Tf

Jitter

Sensitivity

Optical output waveform 

10-12
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1. Center Wavelength
2. Spectral Width
3. Average Optical Output Power
4. Transmitter Eye-Diagram
5. Extinction Ratio & OMA
6. Minimum Sensitivity
7. Jitter

＊Reference ITU-T G.957 and IEEE802.3z/ae

Measurement ProceduresMeasurement Procedures
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The maximum spectral width is specified as the maximum full width of the center wavelength peak, 
measured –20 dB down from the maximum amplitude of the center wavelength.

1. Center Wavelength  
2. Spectral Width

E/O

MS9710C
Optical Spectrum Analyzer

DUT

System Setup

O/E

Data

XData

Wavelength

Power

–20 dB
B

A:  Center wavelength

B:  Max. –20 dB width

A

Measurement ProceduresMeasurement Procedures

MP1800A 
SQA (PPG)
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3. Average Optical Output Power

*Point S: The reference point on the optical fiber just after the transmitter optical connector 
*Point R: The reference point on the optical fiber just before the receiver optical connector.System Setup

MP1800A 
SQA (PPG)

E/O

MT9810B 
Optical Power MeterDUT

O/E

Data

XData

Measurement ProceduresMeasurement Procedures

The mean launched power at point S is the average
power of the transmitter. It is given as a range to
allow for some cost optimization and to cover 
allowances for operation under standard operating
conditions, Tx connector degradations, 
measurement tolerances, and aging effects. 
These values allow calculation of values for the 
sensitivity and overload point for the Rx at point R.
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4. Transmitter Eye-Diagram
Transmitter pulse shape characteristics, including rise/fall 

times, pulse overshoot/undershoot, and ringing—all of 
which should be  controlled to prevent excessive 
degradation of the Rx sensitivity—are specified in the 
form of a mask for the Tx eye-diagram at point S. 

The parameters specifying the mask for the Tx eye-diagram 
are shown in ITU-T G.959 Fig. 7-1.

Measurement ProceduresMeasurement Procedures

G.959.1_F7-1

Mean level 
of centre of
logical "1"

Mean level 
of centre of
logical "0"

1+y3

1

y2

0

1

0.5

y1

–y4

0 x2 x3

#1 – Δ is a variable –0.25 < Δ < +0.25.
#2 – x2 and x3 of the rectangular eye mask need not be equidistant with respect to the vertical axes at 0 UI and 1 UI.

0.250.250.250.250.25y4

0.250.250.250.40.25y3

0.75Δ + 0.75  (#1)0.750.750.75y2

0.25Δ + 0.25  (#1)0.250.250.25y1

0.20.20.20.20.2x3–x2 (#2)

NRZ 40GNRZ 10G 
Amplified

NRZ 10G 1550-
nm region

NRZ 10G 
1310-nm 
region

NRZ 2.5G
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Measurement ProceduresMeasurement Procedures

The convention for the optical logic level is: 
Light emission = logical “1”
No emission = logical “0”

EX is defined as:  ER = 10 log10(A/B)

OMA is defined as: OMA = A – B

Where, A is the average optical power level for logical “1”
and B is the average optical power level for logical “0”. 

5. Extinction Ratio & OMA

O
M

A

A

B

Average 
Power

OMA:  Optical Modulation Amplitude

ER:  Extinction Ratio
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4. Transmitter Eye-Diagram
5. Extinction Ratio & OMA

System Setup

E/O

MP1026A
Eye Pattern Analyzer

（Sampling Oscilloscope）DUT

O/E
Trigger

Data

XData

Measurement ProceduresMeasurement Procedures

MP1800A 
SQA (PPG)

P
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Measurement ProceduresMeasurement Procedures

Average optical power (or OMA）vs. BER

The minimum sensitivity level for receiver 
section is obtained from this graph.

Min Sensitivity:  Min Sensitivity:  ––24.68 dBm at BER 1E24.68 dBm at BER 1E--1010

6. Minimum Sensitivity
Receiver sensitivity is defined as the minimum acceptable value of average received 
power at point R to achieve BER 1E–10 (or 1E–12). 

*It takes into account power penalties caused by use of 
a transmitter under standard operating conditions with 
worst-case values for extinction ratio, pulse rise/fall 
times, optical return loss at point S, Rx connector 
degradations and measurement tolerances.
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6. Minimum Sensitivity
System Setup

Golden
E/O

MT9810B
Optical Power 
Meter

Optical Attenuator

O/E

DUT

Data

XData

Data

E/O

Coupler

Measurement ProceduresMeasurement Procedures

MP1800A 
SQA

Optical Interface

or Electrical Interface

 

 

Ｓｌｉｄｅ 20

2006 10

Measurement ProceduresMeasurement Procedures

Type of Jitter measurement

General
Measure Mask of Eye Diagram and time variation of the rising/falling 
edge of signal using Oscilloscope.

ITU-T base
Measure Jitter Generation/Tolerance/Transfer and Output Jitter using 
Jitter Analyzer

IEEE base (Stressed Eye)
Stressed Receiver Conformance Test

7. Jitter measurement

 

 



11 

Ｓｌｉｄｅ 21

2006 10

AppendixAppendix

High-Speed Electrical Interfaces
Coaxial Connectors
References
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HighHigh--Speed Electrical InterfacesSpeed Electrical Interfaces

-400100200200200Rx Vin [mVp-p]
min

50 Ω to GND50 Ω100 Ω between 
Diff. ports

50 Ω to +1.3 V50 Ω to +3 V50 Ω to -2 VImpedance 
Termination

900 800 350 800 800 800 Tx Vod [mVp-p] 
Typ

–0.90 Vcc –0.801.075 1.60 3.20 –1.70 Tx Vol [V]

–0.45 Vcc –0.401.250 2.00 3.60 –1.30 Tx Vcenter [V]

0.00 Vcc1.425 2.40 4.00 –0.90 Tx Voh [V]

DC or ACDC or ACDC  DC or ACDC or ACDC or ACCoupling

DC to >40 Gbit/sDC to >10 Gbit/sDC to >2 Gbit/sDC to >10 Gbit/sDC to >10 Gbit/sDC to >10 Gbit/sOperating Bit rate

Point to PointPoint to PointPoint to Point,

Multipoint

Point to Point,

Multipoint

Point to Point,
Multipoint

Point to Point,

Multipoint

Bus

SCFLCMLLVDSLVPECL (+3.3 V)PECL (+5 V)ECL

Signal swing comparisons showing 
differential output voltage and driver offsets 
of  ECL, PECL, LVPECL, LVDS, CML and 
SCFL
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HighHigh--Speed Electrical InterfacesSpeed Electrical Interfaces

Termination for ECL/PECL/LVPECL

A:  ECL terminated by 50 Ω to VTT; 
–2 V (ECL), +3.0 V (PECL), +1.3 V (LVPECL)

B:  PECL terminated by Thevenin network, 
R1/R2 = 50 Ω

C:  Differential ECL terminated 
by 100 Ω parallel termination

D:  Differential ECL Multipoint bus terminated 
by 50 Ω to VTT at each end of bus

C

Termination for CML

A:  Point-to-Point CML with internal source and 
load terminations—50 Ω pull-ups to positive rail

B:  AC coupled Point-to-Point CML with internal 
source and load terminations—driver and receiver 
may be powered from different rails

Termination for SCFL

SCFL terminated by 50 Ω to GND

Termination for LVDS

A:  LVDS terminated by 100 Ω parallel termination 

B:  Multidrop LVDS terminated by 100 Ω parallel 
termination at far end only; stubs off main line  
should be shortest possible length

C:  Multipoint LVDS bus terminated by two parallel 
terminations equal to 100 Ω or effective load 
impedance of bus—typically in 54 to 100 Ω range

Reference:  National Semiconductor
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Coaxial ConnectorsCoaxial Connectors

1.0 mm

1.85 mm

2.4 mm

2.92 mm

3.5 mm

3.5 mm

Type

50 ΩDC–50 GHzAPC-2.4

50 ΩDC–110 GHzW1

Compatible with APC-2.450 ΩDC–65 GHzV

Compatible with SMA50 ΩDC–40 GHzK

Compatible with SMA50 ΩDC–26.5 GHzAPC-3.5

50 ΩDC–18.5 GHzSMA

CommentImpedanceFrequency 
Range

Coaxial Connector 
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ReferencesReferences

http://www.300pinmsa.org300pin
http://www.qsfpmsa.org/QSFP
http://www.xenpak.org/XENPAK
http://www.x2msa.org/X2
http://www.xpak.org/XPAK
http://www.xfpmsa.org/cgi-bin/home.cgiXFP
http://schelto.com/SFP/SFF/sff.htmSFF
http://schelto.com/SFP/index.htmlSFP
http://MSA
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ENDEND
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