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 EXECUTIVE SUMMARY

The maximum distances for the L90 Fiber Interfaces have been calculated using two different methods:

1. From a Power Budget determined from the Worst Case Transmitter Power and the Worst Case

Receiver Sensitivity.

2. From a Power Budget determined from the Transmit Power and Receiver Sensitivity of the actual

L90 communications modules (7A, 7B, 7C, and 7D).

For maximum distance the lowest loss ratio for specified fiber cable was used. Furthermore, the distance

calculations assumed the following losses; 2dB loss for connections, 1 dB loss for aging, and provided a

2dB-operating margin. Therefore, Assumed Losses = 5dB.

 These figures are based on the Worst Case Transmitter Power and the Worst Case Receiver Sensitivity.

Power Budget

Interface Type Power Budget

820nm LED, Multi-mode 10dB

1300nm LED, Multi-mode 9dB

1300nm ELED, Single-mode 9dB

1300nm LASER, Single-mode 29dB

Maximum Distance

Interface Type Maximum (km)

820nm LED, Multi-mode 1.9

1300nm LED, Multi-mode 7.2

1300nm ELED, Single-mode 11.4

1300nm LASER, Single-mode 68.5

These figures are based on Actual Transmitter Power and Actual Receiver Sensitivity at 25°C.

Power Budget

Interface Type Power Budget

820nm LED, Multi-mode 15.6

1300nm LED, Multi-mode 13.3

1300nm ELED, Single-mode 13

1300nm LASER, Single-mode 30.52

Maximum Distance

Interface Type Maximum (km)

820nm LED, Multi-mode 4

1300nm LED, Multi-mode 15

1300nm ELED, Single-mode 22

1300nm LASER, Single-mode 72
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L90 Fiber Specifications

Purpose:
The purpose of this report is to determine the L90 communications distance specifications for the fiber-

optic modules 7A, 7B, 7C, and 7D.

Background:
Attenuation is the rate of power loss in a fiber optic system. System losses are often due to the

combination of several factors such as the type of fiber, splice points, and core misalignments joined at

the splice or connector. End-to-end attenuation tests can be conducted in three simple tests with an

optical power meter and light source as shown in the example below.

Apparatus:
• Fiber Optic Source (850nm)

• Fiber Optic Meter

• 5 dB Attenuators

• 20dB Attenuators

• Hewlett Packard Optical Attenuator (8156A) equipped with a HP81531A Power Sensor

• single mode fiber optic cable 1 meter in length

• Single Mode Fiber Optic Cable (1 meter)

• 2 L90 UR Relays

• 2 L90 Communications Modules 7A

• 2 L90 Communications Modules 7B

• 2 L90 Communications Modules 7C

• 2 L90 Communications Modules 7D

 

 Example of End-to-End Attentuation Test
 

 Reference Level:

 Connect the Optical Power Meter to the Optical Light Source with a single-mode fiber optic cable 1

meter in length as shown in Figure 1. Record the power level displayed on the meter, this is the reference

level.
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 Figure 1

 

 

 Measurement Level:

 Insert the fiber under test as shown in Figure 2. Record the new meter reading this is the measurement

level.

 

  Figure 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 End-to-End Loss:

 The difference between the reference level and the level at the power meter after the cable under test has

been inserted is the loss of the cable. Example: -20dBm – (-21.2dBm) = 1.2 dB Loss.
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 Procedure:
 

 Step 1 – Reference Material

 Using the Hewlett Packard Designer’s Catalog, reference the Worst Case Transmitter Power, Worst

Case Receiver Sensitivity and the Maximum Optical Input power for the L90 Fiber Optic

Communication Modules 7A, 7B, 7C, and 7D. This data is relevant for determining the maximum end-

to-end loss that each interface will tolerate (Power Budget).

 

 Step 2 - Determine Power Budget

 Using the Worst Case Transmitter Power and the Worst Case Receiver Sensitivity, calculate the power

budget for each of the fiber modules and record results in Table 1.
 

 Power Budget = Worst Case Transmitter Power – Worst Case Receiver Sensitivity
 

 Step 3 – Maximum Optical Input Power

 The Maximum Optical Input Power is the maximum power that a receiver can tolerate without causing

damage to the receiver photodiode. Therefore, it is extremely important and must be recorded in Table 2.

 

 Step 4 – Maximum Distance

 Calculate the maximum distance that each L90 fiber module can communicate based on the power

budget calculated from the worst case transmitter power and the worst case receiver sensitivity using the

Typical Loss Characteristics of Fiber Cables listed below. Record results in Table 3.
 

 Typical Loss Characteristics of Fiber Cables

 Type of Fiber Cable  Core/Clad Ratio  Loss dB/km

 SM 1310  9/125  0.35 – 0.5

 MM 1310  50/125µm  0.55 – 1.5

 MM 1310  62.5/125µm  0.61 – 1.5

 MM 850  50/125µm  2.6 – 3.5

 MM 850  62.5/125µm  4

 *Note: For maximum distance use lowest loss ratio for specified fiber cable. Furthermore, the distance calculations should

assume the following losses: 2dB loss for connections, 1 dB loss for aging, and provide for a 2dB operating margin.

Therefore, Assumed Losses = 5dB.

 

 Maximum Distance = (Power Budget – Assumed Losses) / Lowest Loss Ratio for specified cable
 

 Step 5 – Verify Power Budget

 Verify that the L90 Fiber Modules 7A, 7B, 7C, and 7D work within the specified Power Budget. This

can be accomplished by inserting Optical Attenuators into the Tx connector of each relay and connecting

them back to back with a single-mode fiber optic cable 1 meter in length. The actual attenuation can be

verified using the End-to-End Attenuation Test. To verify the operation of the L90 communications

module, monitor the Actual Values \ Status \ Channel Tests \ Channel Status parameter of each UR and
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ensure that the Channel Status displays ‘O.K.’, the PFLL Status displays ‘O.K.’, and that a Differential

Trip can be operated. Record the results for each L90 Module.

 

 Step 6 – Actual Values Power Budget

 Calculate the Power Budget and Maximum Distance from the actual values obtained from each of the

L90 communication modules and record the results in Table 4.

 

 Results:
 

 Step 1 – Reference Material

 

 820nm LED Fiber Interface (Module 7A)

 

 Transmitter HFBR-1414M

 Receiver  HFBR-2416M

 

 Features:

• Distances up to 4 km at Signal Rates of 175 MBd

• Performance Specified with 50/125 µm, 62.5/125 µm, 100/140 µm, and 200 µm HCS Fiber

Link Performance: At Data Rates 1 – 20 MBd

Parameter Symbol Min. Typ. Max. Unit Conditions Reference

Optical Power Budget with OPB50 7.9 dB Note 2

50/125 µm fiber

Optical Power Budget with OPD62 11.7 dB Note 2

62.5/125 µm fiber

*Notes:

1. Typical data at TA =25°C, VCC = 5.0 Vdc, PECL serial interface.

 

2. Typical OPD was determined at a probability of error (BER) of 10
-9
. Lower probabilities of error can

be achieved with short fibers that have less optical loss.
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Therefore:

Worst case transmitter power = -20 dBm

Worst case receiver sensitivity = -30 dBm

Max. Optical Input Power = -7.6 dBm

Power Budget  = -20dBm – (-30dBm)

            = 10dB
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1300nm LED Fiber Interface (Module 7B)

Transmitter HFBR-1312T

Receiver  HFBR-2316T

Features:

• Distances up to 2 km at Signal Rates of 125 MBd and 5 km at 32 MBd
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 Therefore:

 

 Worst case transmitter power = -21 dBm

 Worst case receiver sensitivity = -30 dBm

 Max. Optical Input Power = -11.0 dBm

 

 Power Budget = -21dBm – (-30dBm)

  = 9dB

 

 1300nm ELED Fiber Interface (Module 7C)

 

 Transmitter HFBR-1315M

 The HFBR-1315M single-mode fiber-optic transmitter contains a 1300nm edge-emitting LED (E-LED)

capable of launching optical power into single-mode fiber.

 

 Receiver  HFBR-2315M

 The HFBR-2315M receiver contains an InGaAs PIN photodiode and a low noise transimpedance

preamplifier operating in the 1300nm-wavelength region. The HFBR-2315M receives an optical signal

and converts it to an analog voltage. The buffered output is an emitter-follower, with a frequency

response from dc to typically 125 MHz.

 

 Features:

• Distances up to 14 km at Signal Rates of 20 MBd

• Performance Specified with Single-Mode Fiber Cables
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Therefore:

Worst case transmitter power = -21 dBm

Worst case receiver sensitivity = -30 dBm

Max.Optical Input Power = -14 dBm

Power Budget = -21dBm – (-30dBm)

 = 9dB
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1300nm LASER Fiber Interface (Module 7D)

Transmitter LST3921

Receiver  HFBR-2315T

Features:
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Therefore:

Worst case transmitter power = -1 dBm

Worst case receiver sensitivity = -30 dBm

Max. Optical Input Power = -14 dBm

Power Budget = -1dBm – (-30dBm)

 = 29dB

Step 2 - Determine Power Budget

Table 1

Power Budget
Interface Type Power Budget

820nm LED, Multi-mode 10dB

1300nm LED, Multi-mode 9dB

1300nm ELED, Single-mode 9dB

1300nm LASER, Single-mode 29dB
*Note: These Power Budgets are calculated from the manufacturers worst-case transmitter power and worst case receiver

sensitivity.
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Step 3 – Maximum Optical Input Power

Table 2

Maximum Optical Input Power
Interface Type Max. Optical Input Power

820nm LED, Multi-mode -7.6dBm

1300nm LED, Multi-mode -11dBm

1300nm ELED, Single-mode -14dBm

1300nm LASER, Single-mode -14dBm

Step 4 – Maximum Distance

Table 3

Maximum Distance
Interface Type Maximum (km)

820nm LED, Multi-mode 1.9

1300nm LED, Multi-mode 7.2

1300nm ELED, Single-mode 11.4

1300nm LASER, Single-mode 68.5
*Note: For maximum distance use lowest loss ratio for specified fiber cable. Furthermore, the distance calculations should

assume the following losses; 2dB loss for connections, 1 dB loss for aging, and provide for a 2dB-operating margin.

Therefore, Assumed Losses = 5dB.

Step 5 – Verify Power Budget

820nm LED Fiber Interface (Module 7A)

UR Reference Level - 820nm LED Fiber Interface:

Connected the Optical Power Meter to the Tx connector on the UR using a 1-meter single mode fiber

strand and measured  –15.1dBm.

Attenuation Test

Reference Measurement End-to-End Channel PFLL

Level (dBm) Level (dBm) Loss (dB) Status Status

-15.1 -17.8 2.7 O.K. O.K.

-15.1 -21.3 6.2 O.K. O.K.

-15.1 -21.8 6.7 O.K. O.K.

-15.1 -24.4 9.3 O.K. O.K.

-15.1 -25.6 10.5 O.K. O.K.

-15.1 -27.2 12.1 O.K. O.K.

-15.1 -30.7 15.6 O.K. O.K.
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1300nm LED Fiber Interface (Module 7B)

UR Reference Level - 1300nm LED Fiber Interface:

Connected the Optical Power Meter to the Tx connector on the UR using a 1-meter single mode fiber

strand and measured  –18.dBm.

Attenuation Test

Reference Measurement End-to-End Channel PFLL

Level (dBm) Level (dBm) Loss (dB) Status Status

-18 -19.1 1.1 O.K. O.K.

-18 -20.1 2.1 O.K. O.K.

-18 -28.6 10.6 O.K. O.K.

-18 -29.2 11.2 O.K. O.K.

-18 -31.3 13.3 O.K. O.K.

1300nm ELED Fiber Interface (Module 7C)

UR Reference Level – 1300nm ELED Fiber Interface:

Connected the Optical Power Meter to the Tx connector on the UR using a 1-meter single mode fiber

strand and measured  –17.1dBm.

Attenuation Test

Reference Measurement End-to-End Channel PFLL

Level (dBm) Level (dBm) Loss (dB) Status Status

-17.1 -20.2 3.1 O.K. O.K.

-17.1 -25.4 8.3 O.K. O.K.

-17.1 -27.6 10.5 O.K. O.K.

-17.1 -30.1 13 O.K. O.K.

1300nm LASER Fiber Interface (Module 7D)

UR Reference Level – 1300nm LASER Fiber Interface:

Connected the Optical Power Meter to the Tx connector on the UR using a 1-meter single mode fiber

strand and measured  –0.67dBm.
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Attenuation Test

Reference Measurement End-to-End Channel PFLL

Level (dBm) Level (dBm) Loss (dB) Status Status

-0.67 -18.70 18.03 O.K. O.K.

-0.67 -23.74 23.07 O.K. O.K.

-0.67 -29.09 28.42 O.K. O.K.

-0.67 -30.39 29.72 O.K. O.K.

-0.67 -30.65 29.98 O.K. O.K.

-0.67 -30.79 30.12 O.K. O.K.

-0.67 -31.19 30.52 O.K. O.K.

Step 6 - Actual Values Power Budget

Table 4

Power Budget

Interface Type Power Budget

820nm LED, Multi-mode 15.6

1300nm LED, Multi-mode 13.3

1300nm ELED, Single-mode 13

1300nm LASER, Single-mode 30.52
*Note: These Power Budgets are calculated from actual transmitter power and actual receiver sensitivity.

Maximum Distance

Interface Type Maximum (km)

820nm LED, Multi-mode 4

1300nm LED, Multi-mode 15

1300nm ELED, Single-mode 22

1300nm LASER, Single-mode 72
*Note: For maximum distance use lowest loss ratio for specified fiber cable. Furthermore, the distance calculations should

assume the following losses; 2dB loss for connections, 1 dB loss for aging, and provide for a 2dB-operating margin.

Therefore, Assumed Losses = 5dB.
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Conclusion:
These figures are based on the Worst Case Transmitter Power and the Worst Case Receiver Sensitivity.

Power Budget

Interface Type Power Budget

820nm LED, Multi-mode 10dB

1300nm LED, Multi-mode 9dB

1300nm ELED, Single-mode 9dB

1300nm LASER, Single-mode 29dB
*Note: These Power Budgets are calculated from the manufacturers worst-case transmitter power and worst case receiver

sensitivity.

Maximum Optical Input Power

Interface Type Max. Optical Input Power

820nm LED, Multi-mode -7.6dBm

1300nm LED, Multi-mode -11dBm

1300nm ELED, Single-mode -14dBm

1300nm LASER, Single-mode -14dBm

Typical Loss Characteristics of Fiber Cables

Type of Fiber Cable Core/Clad Ratio Loss dB/km

SM 1310 9/125 0.35 – 0.5

MM 1310 50/125µm 0.55 – 1.5

MM 1310 62.5/125µm 0.61 – 1.5

MM 850 50/125µm 2.6 – 3.5

MM 850 62.5/125µm 4

Maximum Distance

Interface Type Maximum (km)

820nm LED, Multi-mode 1.9

1300nm LED, Multi-mode 7.2

1300nm ELED, Single-mode 11.4

1300nm LASER, Single-mode 68.5
*Note: For maximum distance use lowest loss ratio for specified fiber cable. Furthermore, the distance calculations should

assume the following losses; 2dB loss for connections, 1 dB loss for aging, and provide for a 2dB-operating margin.

Therefore, Assumed Losses = 5dB.
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These figures are based on Actual Transmitter Power and Actual Receiver Sensitivity.

*Note: Tests were performed in a controlled environment at room temperature.

Power Budget

Interface Type Power Budget

820nm LED, Multi-mode 15.6

1300nm LED, Multi-mode 13.3

1300nm ELED, Single-mode 13

1300nm LASER, Single-mode 30.52
*Note: These Power Budgets are based on Actual Transmitter Power and Actual Receiver Sensitivity.

Maximum Optical Input Power

Interface Type Max. Optical Input Power

820nm LED, Multi-mode -7.6dBm

1300nm LED, Multi-mode -11dBm

1300nm ELED, Single-mode -14dBm

1300nm LASER, Single-mode -14dBm

Typical Loss Characteristics of Fiber Cables

Type of Fiber Cable Core/Clad Ratio Loss dB/km

SM 1310 9/125 0.35 – 0.5

MM 1310 50/125µm 0.55 – 1.5

MM 1310 62.5/125µm 0.61 – 1.5

MM 850 50/125µm 2.6 – 3.5

MM 850 62.5/125µm 4

Maximum Distance

Interface Type Maximum (km)

820nm LED, Multi-mode 4

1300nm LED, Multi-mode 15

1300nm ELED, Single-mode 22

1300nm LASER, Single-mode 72
*Note: For maximum distance use lowest loss ratio for specified fiber cable. Furthermore, the distance calculations should

assume the following losses; 2dB loss for connections, 1 dB loss for aging, and provide for a 2dB-operating margin.

Therefore, Assumed Losses = 5dB.
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