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1.INTRODUCTION 
 

This document is a proposal for the Customer Access System Tender. It is a proposal for 

building an optical network using various SDH/Sonet Systems. The tender outlined three 

types of links required. In this document the equipment required for each link and its 

estimated budget is provided. Additional background information is provided in the 

Appendix. 

 

 

 

 
Figure 2.1 The Specifications required as per Tender for Customer Access System. 

 

  

2.SPECIFICATION 
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3.1 Link Requirements 
 

The first link is required to work at a bit rate of 155.52 Mbit/s over a link length 

of 10m. Fibre optic technology today has evolved to an extent that this performance is 

easily achievable using simple, low cost components. Because these are the links that join 

the customer units to the level-1 multiplexer, there is expected to be large number of 

them, making low cost an essential requirement. 

 

3.2  Link Design 
 

The wavelength of operation is chosen to be 850nm, as components operating in 

this window are expected to have lower costs (1) .An initial power budget was calculated 

using some fairly average component values, to give an idea of the kinds of specifications 

required. Justification of the chosen components follows. 

 

3.2.1 Power Budget 

SLrectr MCPP  

 The transmitted power is taken to be -10dBm 

 The attenuation in the fibre is taken to be 180dB/km 

 The received power will be calculated 

 It will be assumed that two connectors (each with a loss of 0.5dB) are needed, and 

no splices for this short link 

 The system margin is taken to be 4dB. 

 

4)5.02()180(01.010 recP  

8.16recP dBm 

3.2.1 Source 
 

 For the first link, an LED is chosen, being the simplest source available for 

optical communications. The lower the transmitted power that needs to be generated, the 

lower the cost of the system is expected to be. A few examples of LEDs that can be used 

for data transmission at 155Mbit/s are given in Table 3.1 below. The optical power that is 

coupled into the fibre depends on the core dimensions of the fibre and is specified on the 

data sheets. 

 

 

 

3. LINK 1 
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Component 

 

Optical Power 

/dBm 

Wavelength 

(ɚ) / nm 

Spectral 

Width (ȹɚ) / 

nm 

Data rate Rise Time 

(10%-90%) / 

ns 

RSLED 

8215 

-16.9 (launched) 850 170nm (max) - 10ns(max) 

Optek LED 

OPF370D 

-1.24 ( when 

coupled with a 

PCS) 

850 35nm - 6ns 

AvagoTech 

HFBR ï 14X4 

-3.7dBm  (when 

coupled to an HCS) 
820 - 155Mbaud 3ns 

 
PCS = Plastic Clad Silica 

HCS = Hard Clad Silica 

Table 3.1   Examples of transmitters for Link 1 

 

3.2.2 Fibre 
 

Plastic Optical Fibres (POFs) normally have large attenuations per km, although 

fibres with low attenuation that can transport up to 1Gb/s have been developed (2). Due 

to their large diameters, connectors are now available which can be installed with ñsimple 

tools and minimal trainingò (3).   

 

For the purposes of Link 1, simpler fibres even with large attenuations can be used. The 

cost of such fibres has been compared to using copper wires (3). Typical specifications of 

a plastic optical fibre used for data communications are given in Table 3.2. 

 

 

Parameter  Specification 

Core diameter 980µm 

Cladding Diameter 1000µm 

Jacket Diameter 2.2mm 

Attenuation (at 850nm) <18dB/100m (180dB/km) 

Numerical aperture 0.3 

Bandwidth (at 100m) Step index: 125MHz 

Graded index: 500MHz 

Table 3.2   Typical specifications of plastic optical fibres [DeCusatis] 

 

3.2.3 Receiver 
 

A PIN photodiode will be used at the receiver end. PIN diodes have been developed that 

need very small power levels to correctly detect the signals. An example of a photodiode 

optimised for 850nm transmission is given in Table 3.3. 

 

Parameter  Typical Specification 

Sensitivity -33 dBm (BER of 10-10) 

Bandwidth 125 MHz 
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Maximum Input Power 0 dBm 

Rise Time (10%-90%) 3 ns 

Supply Voltage 5 V 

Table 3.3 Specifications of the PDT-A85P40 GaAs PIN photodiode. (4) 

 

3.2.4 Transceivers 
 

 A large number of transceivers are available that are suitable for the transmission 

requirements of this link. However most of the commercially available ones operate at 

longer wavelengths (1310nm, 1550nm), so they can be used with fibres with minimum 

attenuation and dispersion characteristics. They are also capable of transmitting over 

much larger distances than required for this application. One such transceiver 

manufactured for SDH applications at STM-1 rates is AOC Technologies, Inc.ôs AMTR-

PP03XX, which uses a DFB laser for transmission and a PIN diode with a trans-

impedance amplifier at the receiver end []. The choice of using these transceivers over 

the methods discussed above will ultimately depend on their cost, as all of the above 

methods are capable of meeting the requirements, as will be shown in the following 

sections. 

 

3.2.5 Connectors 
 

 Most of the components discussed above are now available with either standard or 

flexible connectors, available for a range of optical fibre types. Connectors were 

discussed in Appendix A4. 
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4.1 Link Requirements 
 

The second link is required to work at a bit rate of 622 Mbit/s over a link length of 

500m. STM-4 links are expected to be relatively easy to design as the current fibre optic 

cables have far less dB loss/km. 

  

4.2 Link Design 
 

4.2.1 Power Budget 
 

SLrectr MCPP  [Agrawal] 

spliceconfL LC   [Agrawal] 

 

trP = -7dB 

recP = -22dB 

MS = 4dB 

Ŭcon = 0.4dB 

Ŭsplice = 0.1dB 

 

using the above equation, the CL is 11dB and from the second equation, the acceptable 

fibre loss is 10.5dB 

 

4.2.2 Transmitter 
It is possible to have a transmitter and receiver for an STM-4 Link. However, it is 

believed that using a single transceiver unit avoids issues arising from coupling as well as 

reducing the cost. 

 

4.2.3 Receiver 
It is possible to have a transmitter and receiver for an STM-4 Link. However, it is 

believed that using a single transceiver unit avoids issues arising from coupling as well as 

reducing the cost. 

 

4.2.4 Transceivers 
 

For this bit rate and only travelling half a kilometre, a multimode fibre will be 

able to perform the transmission. From the table above it suggested working in the 

4. LINK 2 
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850nm region is a reasonable choice, simply because it is cheaper and with 0.5km the 

attenuation will not have that much of an effect on the signal transfer. 

 

At 622Mbit/s, and working in the 850nm region, there are a few options for the 

transmitters and receivers, but rather than choosing the transmitter and receiver 

separately, choosing a transceiver is a more effective approach. 

 

The transceiver will have a transmitter (Tx) and receiver (Rx) in one block, this is good 

for two reason, firstly the transmitter and receiver should be coupled by the manufacturer 

to optimize its performances, and that will cut down the effort to couple the devices. 

Secondly, it is a two way system where two fibres are attached to the transceiver. One for 

forward transmission and the other one for backward transmission.  

Hence there will be a requirement of two transceivers and two fibre optic cables per link 

on Link-2.  

 

The two transceivers choices provided by AOC Tech. Their performances is the same, 

shown in table below: 

AOC Tech RTXM119/120: Meet SFF MSA ( SC Connector Type) 

AOC Tech RTXM149&150 (LC Connector Type) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.1. The specification of AOC Tech RTXM119/120 and 149/150. 
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The only different between the two is one have Duplex LC receptacle MM optical 

interface and it meet the SFF MSA standard; the other have Duplex SC receptacle MM 

optical interface and meet the 1X9 MSA standard. The 1X9 module is cheaper than the 

SFF one, so it is recommended to use the 1X9 module. 

 

4.2.5 Fibre 
 

For choosing the fibre, I have chosen the multimode fibre from corning,  

 

-corning infiniCor 50um core optic fibre  

-corning infiniCor 62.5um core optic fibre 

 

They both use the low cost, high speed 850nm VCSEL, which met the transceiver, they 

can both support 1Gbit/s and travel over 550m which is more than capable to met the 

requirement. The table below is a quick comparison between the two. 

 

 infiniCor 50um (600 model) infiniCor 62.5um 

Optimize data rate over 

distance 

1Gb/s over 600m 1Gb/s over 550m 

EMBc (MHz . km) 510 385 

Attenuation (dB/km) 2.9 max 2.4 max 

NA 0.200(+_)0.015 0.275(+_)0.015 

Dispersion (ps/nm.km) -100 -108 

  

The two fibre is similar but the 50um should be a little bit cheaper due to it have a 

smaller core, so the fibre for link 2 is the infiniCor 50um (600 model) is chosen. 

 

4.2.6 Connectors 
 

Most of the components discussed above are now available with either standard or 

flexible connectors, available for a range of optical fibre types. Connectors were 

discussed in Appendix A4. 

  

http://www.aoctech.com/RTXM153TL-156TL143TL-146TL-ENGR.pdf
http://www.aoctech.com/RTXM153TL-156TL143TL-146TL-ENGR.pdf
http://www.aoctech.com/RTXM153TL-156TL143TL-146TL-ENGR.pdf
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5.1 Link Requirements 
 

The third link is required to work at a bit rate of 10 Gbit/s over a link length of 80km. 

STM-64 links are expected to be expensive especially over ranges of 80km. 

 

5.2 Link Design 
 

5.2.1 Power Budget 
 

SLrectr MCPP  [Agrawal] 

spliceconfL LC   [Agrawal] 

 

trP = 0dB 

recP = -25dB 

MS = 4dB 

Ŭcon = 0.5dB (2 connectors) 

Ŭsplice = 0.1dB (40 splices expected) 

 

using the above equation, the CL is 16 dB and from the second equation, the acceptable 

fibre loss is 0.2 dB/km. 

 

5.2.2 Transmitter 
It is possible to have a transmitter and receiver for an STM-4 Link. However, it is 

believed that using a single transceiver unit avoids issues arising from coupling as well as 

reducing the cost. 

 

5.2.3 Receiver 
It is possible to have a transmitter and receiver for an STM-4 Link. However, it is 

believed that using a single transceiver unit avoids issues arising from coupling as well as 

reducing the cost. 

 

5.2.4 Transceivers 
There are several standards which offer speeds up to 10 Gb Range. Those include the 

following: 
  OC192/STM-64 9.95 Gb/s  

  10 Gigabit FC 10.5 Gb/s  

5. LINK 3 
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  G.709 10.7 Gb/s  

  10 Gigabit Ethernet 10.3 Gb/s  

  Smaller space and lower cost alternative to parallel-optics VSR.[1] 

While some of these technologies have been endorsed by some companies such as 

10GbE by Cisco, others have been facilitated by the more conventional SDH/Sonet link 

providers. Hence, in order for the industry to have transceivers compatible with these 

various standards there has been Multi-Source Agreement (MSA) for next generation 

transceiver providers.  

 

One of these agreements is the 10 Gigabit Small Form Factor Pluggable (XFP) 

Multi-Source Agreement (MSA) Group, Appendix B outlines the different types of 

MSAs. XFP MSAs must support all the above 10G standards in their transceiver design. 

The emerging XFP Multi-Source is focused around reducing size, power and cost of 

implementing high density switching and routing equipment for 10Gbps networks. This 

factor is very crucial for a future proof investment in an STM-64 Link design as it is 

highly possible that one of the competing standards such as 10GbE to replace current 

deployment. Hence if the link is built using transceivers which only support STM-64 

Standards, it could be harder to reuse or resell the transceiver in the future. 

 
Company Product Code Target Distance Form Factor Price( Small 

Volume) 

Allied Telesis, Inc AT-XPER80 80 km XFP ~$6,000 

Force 10 GP-XFP-1Z 80 km XFP ~$15,000 

Enterasys 10GBASE-ZR-XFP 80 km XFP ~$11,000 

Opnext  TRF7060BN-LF000 80 km XFP Unknown 

Sumitomo Electric 

Industries, 

SXP3101L2-01 80 km XFP Unknown 

 

Advantages and Disadvantages 

Small Size hence densely populated hence ideal for data centre usage 

The smaller factor dissipates more heat hence requiring better cooling mechanisms. 

 

10Gb/s XFP Optical Transceiver Module (5) 

There are a number of other packages that contain transceivers which can provide 

up to 10Gbit/s such as XENPAK, X2 and 300-Pin Form Factors. However, these form 

factors target the 10GbE standard and not the STM-64 links. Additionally, 10 Gbit/s SR 

Transponder (SerDes Transceiver) Modules can provide STM-64 transmissions with a 
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300-pin packaging which reaches 80km but still contain an XFP Transceiver inside. An 

example of this is the Opnext TRV7067xN*/7068BN 300-pin (55.9 x 76.2x 13.5 mm) 

 

Opnext TRV7067xN*/7068BN 300-pin (6) 
 

This can be considered as yet another advantage of XFP form factors as they can 

be easily interfaced with other form sizes due to their smaller packaging. 

 

XFP POWER REQUIREMENT 

 

According to XFP Rev4.5 document, the host has 3 power supplies +1.8 V, +3.3 

V, +5.0 V and an optional -5.2 V supply. XFP module maximum power dissipation must 

meet one of the following 

classes: 

Å Power Level 1 modules ï Up to 1.5 W 

Å Power Level 2 modules ï Up to 2.5 W 

Å Power Level 3 modules ï Up to 3.5 W 

Å Power Level 4 modules ï Greater than 3.5 W (7) 

 

5.2.5 Fibre 
 

For choosing the fibre, a single mode fibre is required,  

 

-corning SMF-28 ULLOptical Fibre 

 

The single fibre which meets the attenuation requirements of 0.2dB/km 
 Corning SMF-28 ULL Optical Fibre 

Cut-off wavelength 1600nm 

Attenuation (dB/km) 0.17-0.18 

NA 0.13 

Dispersion (ps/nm.km) 18 Max 

  

Fibre Length: Up to 50.4km/spool 

 

However, there will be requirements for sectioning in the fibre hence 40 splices are 

assumed. 

 

According to a basic quotation received from corning the price of a single ULL fibre is 

0.98$/km. 
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5.2.6 Connectors 
 

Most of the components discussed above are now available with either standard or 

flexible connectors, available for a range of optical fibre types. Connectors were 

discussed in Appendix A4. 
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The transmitter consists of an optical source, the electrical driving circuitry and an 

external modulator if needed. This report/proposal will concentrate on the choices of 

optical sources needed to meet the requirements of the three SDH links. 

 

The two main types of optical sources used in data communications are LEDs and Lasers. 

 

1-LEDs 
 

In digital data communications, LEDs are normally used for multi-mode fibre 

optic links. Because the divergence of light emitted from LEDs is relatively high, and 

they have slow rise times (>1ns), they are used for modulation speeds of less than a few 

hundred MHz. They have low output powers (0.1 ï 3mW), so they are used for short haul 

fibre optic links (8).  

  

There are two main types of LEDs ï Surface Emitting and Edge Emitting. Edge 

emitting LEDs have higher coupling efficiencies due to their lower beam divergences as 

compared to surface emitting ones. LEDs can be used for low data rate, low cost, short 

distance transmissions. (1) 

 

LEDs have a simpler design and simpler driving electronics than laser diodes. 

They are much more stable with respect to temperature and over their operating lifetime 

and can therefore be driven with simple current modulators and used without temperature 

or output power feedback (9). They are ideal for low cost, short distance applications.  

 

2 -Lasers  
 

Semiconductor Lasers normally are capable of emitting higher powers. They have 

smaller beam divergences, narrower spectral widths, faster rise times and can therefore be 

modulated to much higher rates than LEDs (8). There are many different types of lasers 

available that are suitable for optical data communications. A few of the types that have 

been considered are discussed briefly below. (8) 

 

Quantum Well (QW) Lasers 

 

Quantum well lasers are edge emitting lasers. They have very thin active layers so the 

energy levels in them become quantised. This leads to higher gain.  

Distributed Feedback (DFB) and Distributed Bragg Reflector (DBR) Lasers 

 

In DBR lasers, the reflective facets of the active region are replaced by diffraction 

gratings (Bragg reflectors). The reflectors therefore have ñwavelength dependent 

APPENDIX A1 Transmitters 
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reflectivity with resonance propertiesò. They can therefore be designed to have very 

narrow spectral widths. 

 

Distributed Feedback lasers are similar, but have the Bragg grating placed on the active 

region. It can operate in ñsingle mode under all power levels and all modulation 

conditionsò. 

 

Vertical Cavity Surface Emitting Lasers (VCSELs) 

 

VCSELS are made using the same kind of technology as QWs and DFBs, but they have 

an architecture that allows light to be emittied from the surface of the laser rather than the 

edge, although they have the same performance as edge emitting lasers. This makes 

coupling the fibre to the laser much eaiser. They have been developed for shorter 

wavelength in the 850nm region, and offer the advantage of being low in cost. 

 

 

 

 

 

2.3 Factors to consider when choosing the transmitter 

 

Optical Power Transmitted 

The optical power emitted by the source is a critical factor in choosing the optical source. 

The power needs to be enough to traverse the whole length of the transmission channel 

and meet the minimum power requirements of the receiver, taking into account all the 

losses that might be incurred during transmission (Section blah).  

 

Rise Time and Bandwidth. 

The rise time of an optical source is normally defined as the time it takes for the light 

output to rise from 10% to 90% of its final value when it current level is changed 

suddenly. The rise time determines how fast the optical source can be modulated, hence 

limiting the maximum bandwidth of the transmitter. 

 

Wavelength  

ñThe source wavelength should be in the region where the fibre has low losses and low 

dispersion and where the detectors are efficientò [senior]. 

 

Spectral Width 

ñThe spectral width ȹɚ is a measure of the range of optical frequencies or the spectral 

distribution emitted by the sourceò [1]. It is usually given in nanometers. Optical sources 

should have a very narrow spectral widths in order to minimise dispersion in the fibreò 

[senior]. 
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There are mainly 3 type of fibres, all glass, all plastic, and plastic cladding silica 
(PCS), the most common type of fibre use in telecommunication is the all glass 
one.  
There are three mode of fibres  
É single mode:     typically with a 9 um core diameter 
É multimode step index:  typically with 50um or 62.5um core diameter 
É multimode graded index: typically with 50um or 62.5um core diameter 
 
 
 
 
 
 
 
 
 
 
 

fig a fibre mode 
 
Attenuation: 
Attenuation is reduction of the signal strength, caused by scattering, absorption 
and bending loss, normally combine and given as fibre loss or attenuation in the 
data sheet of a fibre. Normally it will look something like that on graph, see figure 
b below. 
 
Dispersion 
Mainly three types: 

 ̧ Modal dispersion 
 ̧ Chromatic dispersion 
 ̧ Polarization mode dispersion 

 
Modal dispersion only present in multimode fibres, with it present, it will dominate 
over all the other dispersions. 
Chromatic dispersion mainly affect single mode fibre, its made up of material 
dispersion and waveguide dispersion. Usually the fibre is design such that the 
material and waveguide dispersion cancel each other at 1310nm, hence 1310nm 
is sometime call the zero dispersion wavelength. This zero dispersion wavelength 
can be shift to 1550 using a special type of fibre, the zero dispersion shift fibre. 

APPENDIX A2 Fibres 
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fig b: typical graph of 

attenuation 
against 

wavelength 
 

 

Fibre Attenuation (10) 
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Description  Core diameter 
(um)  

NA  Loss (dB/km)  ҟόˍκл[ύ όƴǎκƪƳύ  f3-dB  * L 
(MHz * km)  

Source  Wavelength 
(nm)  

Multimode         

Glass         

SI  50  0.24  5  15  33  LED  850  

GRIN  50  0.24  5  1  500  LD  850  

GRIN  50  0.20  1  0.5  1000  LED,LD  1300  

PCS         

SI 200  0.41  8  50  10  LED  800  

Plastic         

SI  1000  0.48  200  ---  ---  LED  580  

Single Mode         

Glass  5  0.10  4  <0.5  >1000  LD  850  

Glass  10  0.10  0.5  0.006  83000  LD  1300  

Glass  10  0.10  0.2  0.006  83000  LD  1550  

Table Appendix B. Various types of fibre. 
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Receiver design depends upon both modulation technique and the transmitter 

design.  Receivers are often coupled with transmitters when sold, which makes sense 

because it is normally required to receive the transmitted signal.  There are two main 

photodiode types 

ï p-i-n 

ï APD 

 

Pin photodiodes have p and n doped regions sandwiching an intrinsic region.  They 

are cheaper than avalanche photo diodes (APDs).  APDs have internal gain because 

their carriers are multiplied by the avalanche breakdown. 

 

The following diagram shows the general block design for an optical receiver: 

 

 

On the following page there is a table of parameters of both types of photodiode for 

three common semiconductor materials (1). 

APPENDIX C Receivers 
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Properties of p-i-n and avalanche photodiodes: 

 

Parameter Symbol Unit 
p-i-n APD 

Si Ge InGaAs Si Ge InGaAs 

Wavelength ȿ ɛm 
0.4 ï 

1.1 

0.8 ï 

1.8 
1.0 ï 1.7 0.4 ï 1.1 

0.8 ï 

1.8 

1.0 ï 

1.7 

Responsively R 
AW

-

1
 

0.4 ï 

0.6 

0.5 ï 

0.7 
0.6 ï 0.9 80 - 130 3 - 30 5 ï 20 

Quantum 

Efficiency 
ȼ % 75 - 90 50 - 55 60 ï 70    

APD Gain M -    100 - 500 
50 - 

200 
10 ï 40 

k-factor kA -    
0.02 ï 

0.05 

0.7 ï 

1.0 

0.5 ï 

0.7 

Dark Current Id nA 1 ï 10 
50 - 

500 
1 ï 20 0.1 - 1 

50 - 

500 
1 ï 5 

Rise Time Tr ns 0.5 ï 1 
0.1 ï 

0.5 

0.02 ï 

0.5 
0.1 - 2 

0.5 ï 

0.8 

0.1 ï 

0.5 

Bandwidth ȹf GHz 
0.3 ï 

0.6 
0.5 ï 3 1 ï 10 0.2 ï 1 

0.4 ï 

0.7 
1 ï 10 

Bias Voltage Vb V 
50 - 

100 
6 - 10 5 - 6 200 - 250 20 ï 40 20 - 30 

 

The factors to consider are governed by the link requirements.  The other factors the 

engineer can determine.  The maximum bandwidth of the link is the most obvious factor 

to consider and the wavelength requirements of a link (from the dispersion equations, 

power budget and so forth) is often predetermined also.  The engineers is required to 

make the cheapest suitable system ï i.e. do not over engineer a 10m optical link with 

laser and APD if itôs not required. 

 

Other factors: 

 

All types of receiver noise, receiver sensitivity and sensitivity degradation must also be 

considered. 
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The power budget of an optical communications system is given by  

 

SLrectr MCPP  [Agrawal] 

 

where 
trP is the average transmitted power,  

recP is the average power received or the minimum average power required at the 

transmitter,  

CL is the total channel loss and  

MS is the system margin, ña certain amount of power allocated to account for    

      component degradation during the system lifetime, or other unforeseen                   

      eventsò [Agrawal]. It will be taken to be 4dB. 

 

The total channel loss is made up of losses in fibre per km (
f

) and the losses due to the 

connectors (Ŭcon) and splices (Ŭsplice). The channel loss in decibels is therefore given by 

 

spliceconfL LC   [Agrawal] 

 

where L is the length of the link in km. 

 

  

APPENDIX A5 Power Budget 
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The following document is copied from FIBER OPTIC MODULE FORM FACTORS 

available on sonnet.com. The document is solely added to this document as it provided 

essential information about the different types of transceivers. (11) 
ñ 

THE MSA 
MSA stands for multi-source agreement and is simply an agreement on the 

physical, thermal and mechanical characteristics of a pluggable transceiver and 

DOES NOT in any way impact the internal optical or copper interface (e.g. 

10GBASE-LR vs. 10GBASE-CX4) inside the pluggable. In other words, a single 

point to point link can have different MSA pluggable (e.g. XENPAK vs. XPAK) 

formats on either end and will work just fine as long as the optical or copper 

interface (e.g. 10GBASE-SR, OC-48) inside the pluggable is identical. 

SFP 
The Small Form - factor Pluggable (SFP) is a comp act optical transceiver used  

in optical communications  for both telecommunication and data 

communications applications. It interfaces a network device  mother board (for 

a switch, router or similar device) to a fiber optic or unshielded twisted pair  

networking cable. It is a popular i ndustry format supported by several fiber 

optic component vendors.  SFP transceivers are available with a variety of 

different transmitter and receiver types, allowing users  to select the 

appropriate transceiver for  each l ink to provide the required optical  reach over 

the available optical fiber type (e.g. multi -mode  fiber or single -mode fiber). 

Optical SFP modules are commonly available in four different categories:  850 

nm, 1310nm, 1550nm, and DWDM. SFP transceivers are al so available with a 

"copper" cable  interface, allowing a host device designed primarily for optical 

fiber communications to also  communicate over unshielded twisted pair 

networking cable.  

The SFP transceiver is specified by a multi - source agreement (MSA) b etween 

competing manufacturers.  The  SFP was designed after the GBIC interface, 

and allows greater port density (number of transceivers  per inch along the 

edge of a mother board) than the GBIC, which is why SFP is also known as 

mini -GBIC. The related Small Form -Factor (SFF) transceiver is si milar in size 

to the SFP, but is soldered to  

the host board as a pin through -hole device, rather than plugged into a edge -

card socket. Optical SFPs  often include a digital diagnostics interface that 

provides a powerful optical management tool. SFP  transcei vers are 

commercially available with capability for data rates up to 4.25 Gbit/s. A 

variant  standard, XFP, is capable of 10 Gbit/s. SFP transceivers are designed 

to support SONET, Gigabit  Ethernet, Fibre Channel, and other 

communications standards.  

SFF 
The small form factor module. Basically the s ame as the SFP except it is not 

luggable and solders  directly to the optic line unit PC board.  

XFP 

APPENDIX B MSA Agreement 
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The XFP (10 Gigabit Small Form Factor Pluggable) is a hot -swappable, 

protocol independent optical  transceiver,  typi cally operating at 1310nm or 

1550nm, for 10 Gigabit SONET/SDH, Fibre Channel, Gigabit Ethernet  and 

other applications.  

It includes digital diagnostics similar to SFF -8472 but more extensive, that 

provide a robust  management tool.  

XENPAK is a standard that defines a type of fiber -optic transceiver modules 

which are compatible with  the 10 Gigabit Ethernet (10 GbE) standard.  

Agere Systems, formerly known as the Microelectronics Group of Lucent 

Technologies and Agilent  Technologies ann ounced it on March 12th, 2001.  

XENPAK 
XENPAKs come in a variety of physical layer interfaces, for multi -mode and 

single mode fibre optic  cables. Transmission distances vary  from 100 metres 

to 80 kilometres. Recently introduced XENPAKs using the 10GBase -LX4 

standard  

operate using multiple wavelengths on legacy  multi -mode fibres at distances 

of up to 300 metres, eliminating the need to reinstall cable in a building  when 

upgrading certain 2.5 Gbit/s  circuits to 10 Gbit/s.  

XPAK 
This MSA was pushed heavily by In tel and Infineon for use in PCI applications, 

as it is fully compliant  with PCI height, width and bezel requirements. As a 

result, this MSA is almost exclusively targeted at  the 10 Gigabit Ethernet 

Network Inferface Card (NIC) or Host Bus Adapter (HBA) mar ket. In other  

words, this MSA will be used to provide pluggable optics on an adapter card 

that would slide in to a 10  Gigabit Ethernet server or NAS device.  

X2 
The X2 is a smaller version of XENPAK that is targeted at the same market as 

XPAK. It competes  directly with XPAK and there is  some desire for the X2 and 

XPAK MSAs to merge.  

 
XAUI 
The XAUI is NOT a form factor but is the specification used to interface 10GBE 

electronics on a printed  circuit board to whatever form factor is implemented. 

XAUI (10 Gigab it eXtended Attachment Unit  Interface) is derived from the 

ethernet AUI, attachment unit interface nomenclature. It uses 4 serial  

channels at 3.125 Gb/s with 8B/10B encoding per 3.125Gb/s channel.  

ò 
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