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Acronyms

The following is a list of acronyms used in this document:

BERT
Bit Error Rate Tester
CD
Chromatic Dispersion

CWDM
Coarse Wavelength Division Multiplexing

OTDR 
Optical Time Domain Reflectometer

SMF
Single Mode Fiber

VOA
Variable Optical Attenuator

Abstract

The purpose of the test is to evaluate the performance of the CWDM transceivers on the Corning SMF-28 single-mode fiber (an ITU-T G.652 compliant fiber optic cable). 

The 1470nm, 1550nm, and 1610nm sample channels have been selected to cover the whole CWDM spectrum and consequently the widest range in terms of Chromatic Dispersion and Attenuation Coefficient.
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Test Equipment 

The following equipment was used to conduct the tests:

· Three CWDM GBICs at 1470nm, 1550nm, 1610nm
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180km total fiber: Corning SMF-28 fiber (three spools 40/60/80 km).
 Attenuation coefficient ~ 0.215 dB/km @ 1550nm
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Finisar GTX Gigabit Ethernet/Fibre Channel BERT.   
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Exfo IQS platform with Variable Optical Attenuator (VOA) IQ-3100 and High Speed Power Meter IQ-1600
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Agilent 86145B Optical Spectrum Analyzer
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Agilent 86100A Digital Oscilloscope w/ 86103A Optical Module and 83492A Clock Recovery Module
Definitions: Sensitivity, Power Budget and Power Penalty

Before proceeding with the review of the test results, few generic concepts used throughout the remainder of this document need to be defined:

· Launch Power. This is the optical power of the light as it leaves the fiber transmitter. (It is expressed in dBm.)

· Receiver Sensitivity. This is the minimum optical power required for the fiber receiver to detect an incoming signal with a specific Bit Error Rate (BER). (It is expressed in dBm.)
· Power Budget. This is the maximum transmission loss across that can be tolerated by the receiver to achieve a specific BER. (It is expressed in dB.) Power Budget = Launch Power – Receiver Sensitivity.
· Power Penalty. In order to compute the Power Budget, we must take into account different factors beside fiber loss, such as chromatic dispersion, splices, connectors, components aging and fiber nonlinearities. To overcome dispersion and fiber impairments, whose effect is to increase the BER, the optical power at the receiver must be raised appropriately to compensate for the performance degradation: the required increase in the optical power at the receiver is defined as Power Penalty. (It is expressed in dB.)

Receiver Sensitivity measurement at BER < 10-12
The Receiver Sensitivity of the three GBICs under test is reported in Table 1. 
These values are the reference points to measure the Chromatic Dispersion Power Penalties.

	 
	Receiver Sensitivity 

	Sample 1470nm
	 -33.4 dBm

	Sample 1550nm
	 -33 dBm

	Sample 1610nm
	 -29.9 dBm


Table 1: Receiver Sensitivities

Chromatic Dispersion Power Penalties on SMF-28

Dispersion penalties have been measured by using the VOA to control the minimum received optical power for which the BER, after x kilometers, is the same as in back-to-back
.

The power delta between the “back-to-back” Receiver Sensitivity (Table 1) and this  “dispersion sensitivity” represents the CD power penalty.

The dispersion power penalty is expected to exhibit a spectral dependency, because the fiber dispersion coefficient itself is wavelength dependent. However it is worth to clarify that the dispersion tolerance depends largely on the performance of the photo-receiver and all the 8 different CWDM GBICs adopt the same photo-receiver. 
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Figure 1: CD Power Penalty on SMF-28 and eye diagram evolution

Figure 1 shows the measured Power Penalties on the three samples along with the evolution with the distance of the eye diagram
. The distortion is not significant even at 140km and this is consistent with the relatively low power penalty measured. Refer to Table 2 for a summary of the CD power penalties.

	 
	60km
	80km
	100km
	140km

	1470 nm
	0.5
	0.9
	1.3
	1.8

	1550 nm
	0.6
	0.8
	1
	1.3

	1610 nm
	0.8
	0.9
	1
	1.6


Table 2: Summary of CD Penalty (dB)

SMF-28 Spectral Attenuation Characteristic

The purpose of the first test is to determine the fiber attenuation coefficient (in dB/Km) at the various CWDM wavelengths. Given the wide spectrum covered by the CWDM channels, a non-uniform coefficient is expected. This information is provided to properly determine a point-to-point link power budget based on the wavelengths in use.

Ideally an OTDR capable of scanning the fiber at different wavelengths is required for an accurate measurement. Our test consisted of an insertion loss measurement (including connectors) on 100km of fiber for each of the CWDM channels. The fiber attenuation coefficient is derived by the simple relationship:

[image: image18.wmf]



        α(λ) = Pin0 km  – Pout100 km / 100km 

Figure 2 reports the values for α measured at the CWDM wavelengths.

Note how the shortest wavelength experiences a 0.03 dB/km increase in attenuation compared to the central 1550nm, where α presents a minimum. After 100km the 1470nm channel experiences 3dBs of extra loss compared to the 1550nm channel.
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Figure 2: SMF-28 Spectral Attenuation at the CWDM wavelengths

Test Results Consideration 

In order to properly interpret the test results outlined in the paper, the following considerations are necessary:

· The test has been conducted at room temperature and with brand new samples. To account for temperature variations and component aging an extra margin of 1 or 2 dB, over the measured penalties, is suggested.
· The test did not involve optical filtering and this is why distances above 80km have been achieved. Moreover when the signal undergoes optical filtering particularly in ring topology passing through several OADMs an extra penalty of 0.2/0.5dB should be allocated to account for multiplexing effects like cross-talk penalties.
· The test reports successful results (BER < 10-12) at distances of 140km. Remember that not all the GBIC have the same transmit output power and receiver sensitivity. Moreover these characteristics vary with temperature and aging. The test has been conducted on just three samples and with a ~ 0.21 dB/km fiber, therefore it is not safe to assume that 140km can be achieved in the worst possible conditions.  Always discuss about span budget and not absolute kilometers.
Appendix A: Characteristics of the Fiber Used in the test

The Corning SMF-28 is compliant with the ITU-T Recommendation G.652 and has a good attenuation of ( 0.22 dB/km at the 1550 nm wavelength. 

The complete characteristics of the fiber is reported in Table 3:

	Attenuation @ 1310nm (dB/km)
	Premium ( 0.34 Standard ( 0.35

	Attenuation @ 1550nm (dB/km)
	Premium ( 0.20 Standard ( 0.22

	Attenuation @ water peak 1383 +/- 3nm
	< 2.1dB/km (typical 0.5 db/km)

	Attenuation vs Wavelength: 1285-1330nm
	Max difference 0.05 db/km (ref. 1310nm)

	Attenuation vs Wavelength: 1525-1575nm
	Max difference 0.05 db/km (ref. 1550nm)

	Mode Field Diameter @1310nm
	9.2 ( 0.4 µm

	Mode Field Diameter @1550nm
	10.4 ( 0.8 µm

	Typical Core Diameter
	8.2 µm

	Zero Dispersion Wavelength
	1302nm ( (0( 1322nm

	Zero Dispersion Slope
	S0 ( 0.092 ps/km*nm2

	PMD Link Value 
	( 0.1 ps/(km


Table 3: Corning SMF-28

The attenuation characteristics of the test fiber spools are detailed in the next few OTDR screenshots.
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Figure 3: OTDR Diagram of 40 km of SMF-28
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Figure 4: OTDR Diagram of 60 km of SMF-28

Figure 5: OTDR Diagram of 80 km of SMF-28

Appendix B: Spectral characteristics of the three GBICs under test

[image: image3.png]DFB Source Test (TrA) 285 nm 285 dBm

Ter211 26 mm 010
Te0mm P o

1400

& REF 40050 i
e
0
-0

>

0
s

1assst T8t Tagsst

008 o 5550 dom

21 ke 503 ms off




Figure 6: Spectral Characteristics of the 1470nm Sample
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Figure 7: Spectral Characteristics of the 1550nm Sample 
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Figure 8: Spectral Characteristics of the 1610nm Sample 
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Application Note





CWDM GBIC Performance Test on SMF-28 (ITU-T G.652 compliant fiber)








� Receiver Sensitivity has been measured at a BER < 10-12.


� The eye diagrams refer to the 1550nm channel.
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