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EXECUTIVE SUMMARY

The maximum distances for the L.90 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)

* 2190 UR Relays

e 2190 Communications Modules 7A

e 2190 Communications Modules 7B

e 2190 Communications Modules 7C

* 2190 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
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Measurement Level:
Insert the fiber under test as shown in Figure 2. Record the new meter reading this is the measurement

level.
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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.

September 29, 1999 U:\URSERIES\URL-WIP'\Document\Manual'\L90\SPECS\Fiber Specifications.doc 50f20
Ray Johnson



MULTILIN GE Power Management
Title L90 Fiber Interface Specifications

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 50/125um 0.55-1.5
MM 1310 62.5/125um 0.61-1.5
MM 850 50/125um 26-3.5
MM 850 62.5/125um 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 S — Verify Power Budget

Verity that the L.90 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 .90 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 pm, 62.5/125 pm, 100/140 pm, and 200 pm HCS Fiber

Link Performance: At Data Rates 1 —20 MBd

Parameter Symbol Min. Typ. Max. Unit Conditions Reference
Optical Power Budget with OPBsg 7.9 dB Note 2
50/125 um fiber

Optical Power Budget with OPDg, 1.7 dB Note 2
62.5/125 um fiber

*Notes:
1. Typical data at T =25°C, Ve = 5.0 Vde, PECL serial interface.

2. Typical OPD was determined at a probability of error (BER) of 10™. Lower probabilities of error can
be achieved with short fibers that have less optical loss.

LINK SELECTION GUIDE

Data Rate (MBd) | Distance (m) | Transmitter | Reeeiver | Fiber Size (Um) | Evaluation Kil
a 1500 HFBR-14x2 | HFBR-24%2 A0 HeS Hidy
a N0 HFBR-14X4 HFBR-24X2 H4.5/125 HFBR-04X0
2 2700 HFBR-14X4 HFBR-24X6 480125 HFBR-0414,
HFBR-046:5
i AH00 HFBR-14X4 HFBR-24X6 LEER R s HFBR-0414
i 14000 HEFBR-14X4 HFBR-24X6 [t s HFBR-0414
125 T HEFBR-14X4 HFBR-24X6 2.0/ 125 HFBR-0416
155 il HEFBER-14%4 HFBR-2456 6:2.5¢1:25 HFBR-0416
175 L] HFBR-14X4 HFBR-24X6 LEER R s HFBR-0416
For achibtioral information on specific links ses the following ivddivslue] lnk deserptions, Distances mensured over bemperabine range
from 1 b TOOC,
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HFBR-14X4 Output Power Measured out of 1 Meter of Cable

Parameter | Symbol | Min. | Typl?] | Max. | TUnit Conditions Reference
SO125 pm PTG0 | -18.8 | -168 | -1%.8 | dBm | Ty = 25°C | [p = B0 mA de | Notes 5, 6, 0
Pilwer Calile T qos | peak
NA = D2 174 | <138 | -114 Ty = 2570 | I = LMD mA de
-1H.4 BELE.]
BEA/ 120 pm | PTR2 | <1641 | -12.0 | -1 | dBm | Ty = 25°0 | I = 60 ok e
Fibser Cable BT o | peak
NA =0.275 NEEN I T Ty, = 25°0 [ [ = 100 mA e
-156.1 ]
100140 pm | PTLRE | -0 6.5 15 | dBbm | Ty = 25°C | [ = G0 mA e
Filwer Cable BTTE 3.5 ik
NA = (3 ) 45 2] T, = 25°0 | Iy = 10K} A de
L6 -1.a
200 pm HCS | PT20 | 5.2 3.9 008 | dBm | Ty = 25°C | [p = B0 mA de
Filier Calbile 6.2 +1.5 | peak
NA =037 T 1.7 +3.2 Ty, = 25°C [ [ = 1Ml mA i
=3, +1.5

14X2/14X4 Dynamic Characteristics

Parameter Symbol | Min, [ Typ./2] | Max, Units Conditions | Relerence
Hise Time, Fall Time iy, i 1.0 6.5 T [ = Bl mA Note 7,
[ 100 1oy S0 ) Mo Pre-bigs | Pigare 12
Fiser Time, Fall Timse Ir, 1 A0 11544 [ = 100 1 MNote T,
[ D0 1o D0 1R iy Figare 11
Pulse Width [histartion FWh (L5 11544 Figare 11

LIRS

5, Pr s icwssired with a lage ace detectar st the end of 1 meter of mode stdggsed cable, with an ST precision cormic fereale (M10-
1) for HFE 11 U, ancl with an £5A 905 precisic raie ferrule for HFBR-1402/1404.
poin W L B,

sal Power FFdBm) = L0 b B aw D600 pw,

i optival pawer B relereneed o 1 e ¢ 1000 W], Ogpl
7. | i slgnal e = 0 M, see nled drive cirenit n Figure 11,
a o Ll Ak e r Ll thermal pesisbavees Crorm Juesd o T ambient, To further
il resistance, the & e skl s s ks oonsistent with good RE circwit des
a i ar Che el of 2 ool msle siripssl ri, uAiEgE Chee Gar-Teddd partern. BA s defined as the ol the Ball

ak intersity point. When using other manufacturer's filer cable, resalts will vary due to differing

Electrical/Optical Characteristics 4060 w +85°C; 4,75 V < Supply Voltage < 525 V,
RBroan = 5118 Fiber sizes with core diameter £ D00 po, and MA, < <0085 unless otherwise specified

Parameter Symbol | Min, | Typ.[2l| Max. | Units Conditions Relerence
Hq-:q;-uu'uvil}' |E|- 5.4 T 6 |||'L-'_.'L|'I.J-' '|'_\= 2570 Mate 3, 4
e B20 nmy, 50 MHz | Figore 16
4.5 11.5 ||1'l.-'."|_|'l.’-' e B20 nm, 50 MHz
RMS O Pl Noise 1-"3-;;. 140 (AR5 L3 Randwideh Filtered Maile &
Violiage e T Mz

|'|{ =1l “"-'v'
0,700 my Ulntiltered Bamlwidih | Figore 13
Pe=10 “"-'v'

Eaquiivalemt lingeut Py |41 dBm | Bandwidih Filtered

Optical Moise Power i T Mz

(M5 (LG | 0.06S W

Orprical Input Power P T dBmopk | Ta = 26%C Fignre 14

{Dveridrive) 175 ,U.'l"' Pk Nele
H.E | dBm pk
150k p,'l.’-' |;_|k

Outgt Impedance Zo A0 4] Test Frequeney =

B MHz

il Charpunt 'l.-'l:-l'l.'j,;.!:' ".-'._,_;h Y -1 -#.4 v |'|{ =1l “"-'v'
Poweer Supply Current ler ] 15 A Rroan = 510 £}
Equivalent N.A MNA (0,545
Equivalem Diameter [ d24 TR Mot 7
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Ethernet 20 MBd Link (HFBR-14X4/24X6)
(refer to Application Note LGS for details)

Typical Link Performance

Parameter Symbaol | Typ. 2] Units Conditions
Receiver Sensitivity =344 ilFm 20 MBA D202 Hexadeeimal Daia
Bverage 2 ko 6250125 pwm fiber
Link Jitter 7.56 n= |:-k-|;_|k ECL O Beeciver
T ns pk-pk TTL O Beeeiver
Transmitter Jitter (LTS 0 pheprk |20 MBO DEDE Hexadecimal Data
Upical Powir |'|_' N R i B 20 MBd D202 Hexadeeimal Data

Averade Peak lpaw = GO mA

LED rise timse Ly 1.4 s 1 M1z Souare Wave Tnpul
LED fall tirne 7 508 -
Mean dilTerenee L1y 1.77 1
Bl Error Rate BER TS
Dty Fye Dpening 6.7 ns ALALL Receiver Quiput
[hata Format B0 Duty Facoor 0 M

Nodes:

1. Typbeal datn &t Ta = 255, Yy

2, Typbeal performanee of cirewdis shown in Figare 1 and Figure 3 of AN LR {see applications support section ).
Token Ring 32 MBd Link (HFBR-14X4/24X6)
[refer 1o Application Mote LOGS for details)

Typical Link Performance

Parameter Symbol | Typ. 2] Uniis Conditions
Receiver Sensitivity =341 dBm 32 MBad D2D2 Hexadecimal Data
BvEeraEe 2 ko 6250125 pm fiber
Link Jitter 6.1 ns pk-pk ECL Ol Beceiver
5,52 ns pk-pk TTL O Beceiver
Transmitter Jitler [ ns pkepk | A2 MBO DEDE Hexadecimal Data
Optical Power Logie Level =07 Pron 12,2 dBm peak | Transmitter TTL in Ip gy = G0 mA,
Uhptical Powir Laoggic L] 1" |'|_- OFF N I OFF = I mA
LED Rise Time Lr 1. 1154 I MHz Souare Wave Inpat
LED Fall Time Iy .08 1154
Mean DifTerenaee L= 1.77 e
Bit Ervor Raie BER LF 1
Data Format 50% Duty Factor 4 IR
Therefore:

=-20 dBm
-30 dBm
=-7.6 dBm

Worst case transmitter power
Worst case receiver sensitivity
Max. Optical Input Power

-20dBm — (-30dBm)
10dB

Power Budget
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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

HFBR-1312T Transmitter Output Optical Power and Dynamic Characteristics

Condition
Parameter Symbaol | Min, | Typ!! | Max, | Unit T, If, jak Ref,
Peak Power SR =14.0) 125 )] dBm 2590 T5 mA Mies
B2 G125 pn -17.5 115 g | vama | LD
NA = 0,276 .
'? Prea S1EA | -1E | -120 i 100 WA | g 2
-17.0 -11.0 (-7 100
Pk Power 1A 1T | -14.5 ] dBm AREC T5 mA Miodes
SINT25 pm 21,10 R 0700 | 75 ma 3, 4,9
NA = (1.20 Prn
A0 c16s 140 250 100 mA | Fig, 2
S20L5G =130 (-7 100
Opdical Owvershiodot ] i It T -7 75 ma Mive
Fig. 3
Rise Time i, 1.8 1.0 ns EIEE 75 mA Mode 7
Fig. 3
Fall Time 1y 2.2 1.0 ns -7 75 mA Mode 7
Fig. 3
HFBR-2316T Receiver Electrical/Optical and Dynamic Characteristics
0o TOFC; L.75V < Vop - Vg = 525V, power supply must be filvered {(see note 270
Parameter Symbol | Min. | Typ.!®! | Max. | Unit Condition Ref.
Responsitivity Rn .5 I3 14 mViuW | A = 1300 nm, 50 MHz | Node 4
Fig. 1,5
BMS gt Noise Vi 0,4 1,54 m¥pps | 100 MHz bandwidih, e 5
Violtage P =0 pW Fig. 2
1.1l g | Unlilters] Bandwidih
Pe = 0 pw
Exquiivalent Oyptical Py os -45 SALG | dBm | @ 100 MHz, P = 0 W | Note 5
Nni.-n.* [t Power e | o7l W
(RMS)
Peak Tnpur Optleal Pr 11| dBm | 50 MHz, 1 ns PWT Note 6
Povwer a1 W Fig. &
Chutpot Resistanes Rq A0 Db f=a0MHz
D Ot prant. Vatzagse Yoo (LR} 1.8 26 Y Ve =8V Vg =0V
Py = 1hpW
Supply Current Iy ] 15 ma Ryoan = ==
Elewtrical Bandwidth W 5 125 Mz | -3 dBE elecirical Nowe 7
Bandwidih * Rise i1.41 Hz *=
Taime Produer
Elevrrical Rise, Full [N H .4 I I"I-: = <16 dBim peak, Mirle B
Tirmes, TG0 i 5l MH= Fig. 4
Prlse-Width I 0.4 1.1 s P = =11 dbm, preak Nide £.5
Istortion Fig. i
(vershoent 2 Hy Pg = -15 dBm, peak Noge 10
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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

Link Performance; At Data Rates 1-20 MBd

Parameter Symbol Min. | Typ. | Max. | Unit | Conditions Reference
Optical Power Budget with [RIH i1 18 ik 0 fo TR Naote 1
Hll':;.',||'-'|11|||1' Fibier Cahles
Link Distance with Single- g 14 km 0w TORC Mot 2
Muoile Fibwer Cables

Mobes:
L. Optieal Power Buulget &)
L and 2. Worst cas

ilies oo HEFBR LA 15TM/ 1 5M and HFBR-2315T231 560 in the recommerdled apqilication ciroait (Figures

er conpled power (Pe) is 27 dlim peak, <30 dBm average. Worst case receiver sensithvity is <36 dim

peak, <3 dBm average. Be Appication Note 1052 for details.
2. Link distance is hased on (ber with 005 dBkm attenusdbon, and assumes 1 A8 for ss of indine splives. or conmectors, and 1 dB
margin for LED aging- (9 dB OPE - 1 dB indine splice loss < 1 dB aging margin) 0.5 dB%m) = 14 k.
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HFBR-1315TM/1315M - Transmitter Optical Output Power and Dynamic

Characteristics
Conditions
Parameter Symbol | Min, | Typt!! | Max. | Unit Ty Ig pesk Reference
Peak Power Py -2 -21 -17 dBm 2R 1O A Moe 2
ST a7 -15 0707 100 mh Figure: 4
Rise, Fall Timse (I 4.5 s 0-70°C LU i, MNote 4
[ DO tew 1 ) fvor Pre-bias Figure &
Rise, Fall Tims lya 1 2.0 1% =700 10D A, Mo 4
[ 1% e 10 ) 1.ih With Pre-hias Figure 1
Ml es:

1. Twpical data are at T, = 2570,
Cipti

P 1S T

3 ured with a large area detecior at the end of 1 meter of single-mode cable, with an ST* precision ceramic
ferrule [ MIL-2TI 1], wl pproximates astancard best conrectar,

1. When charging from oW o dBm, the optical power is refereneesd o L oW (1000 @5, Oplical power

: fiber, The “No Pre-hias® o

e b is measored i

With Pre-hias™ &= measured in

, S0P cluty oycke, The response time

HFBR-2315T/23156M - Electrical/Optical and Dyvnamic Characteristics

(T = A0 10 TOPCS .55V = (Ve - Vi) = 5,25V power supply must be filtered per note 2)

Parameter Symbol | Min, | Typ!™ | Max, | Unit | Condition Reference
Responsivity, Single- Ry B4 17 =i W F.I: = 130 nm, Mot 4,
Mode Fiber 0 MHz Flaures 6, 10
RMS Ouipant. Molse Y h4 050 | mVaus | 100 MHz, Mot H
Violiage Py = 0w Figure 7

10| mWges | Unfiliered Bandwidih

Py = 0mW
Equivalent. Optical Molse | Py pus -5 -41.5 | dBm (a0 100 MHE, Mot &
Inpant Power (RMS) Py = 0w

002 | 0071 it

Pesake Tnpnt Opiical Py -14 dRm G0 MHz, 1 ns M&T Mot G
Power, Single-Morle A1 i Figure 8
Curpur Tmpedanee n 1 0 = Lid MHz
DC Chtpat Voltage Vi 1R 1.5 X v Vo =8V, Vep =0V

Py = 0mW
Supply Corrent Lo o 15 mi Ry = =
Electrical Bandwidih I:l-.lr'\"r_ Th 1985 MH= -3 dB electrical Moo 7
Banchwichih * Rise Tinwe 41 Hz*s Mol &
Electrical Rise, Fall [ 1.3 i n= Py = <21 dBm Peak, Mote 1
Times, 10-50% i L MHz |"|;..[ul'r ]
Pulse-Width Disioartson W b4 1.0 n= Py = <14 dBm, Peak, | Mote 10

Single-Mode Fiber Flaure &
Cheprshiod 2 K |:'::= 21 dBim, Peak Mate 11

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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@ MULTILIN

Title L90 Fiber Interface Specifications
1300nm LASER Fiber Interface (Module 7D)

GE Power Management

Transmitter LST3921
Receiver HFBR-2315T

Features:

Performance Specifications ( Continued)

LST2525 LST2R25
. LST3521 LSTasz1 .
Parameter Symbaol Test Condition HFCT-3002A HFCT-3012A Unit
Mimn. Max. Min. Max,
MONITOR Te=+25"C Vr=0V,
PHOTODIODE P = Rated Power
Photocurrent Im L L] LW 200 1000 [T
Ikark current Id Prx = 0 W 200 20 nA
Capacitanee - LST N 1 MHz 1 11 pF
« HFCT 40l ) pF
Tracking Emmor AR Imn = Im { Po, +25°0C7 Te +
S0P i« B +1 =1 dB
Rige amd fall timme gl b - BEs, Ith 1o Po 2 2 15
Fiber Pigtail
Parameter Minimum Maximum Ulmit
Fiber Pigtail Length 1 Imi
Spot Size (Mosde Radins) 1.5 0.5 i
Cladding Diameter 12 128 i
Corey'Cladding Coneentricity | nmm
Sevondary Jacket Diameter (LK. 1 v
Effective Cutoflf Wavelength 1 1540 1240 nm
Reliability
FParameter Condition Minimum | Maximum | Unit
Medlian Life 500 e, in todal detwve corrent, Te = G207 [ 2 & 1005 Bomirs
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GE Power Management

Title L90 Fiber Interface Specifications

Performance Specifications

LET2525 LSTZ82E
Parnmeter Symbol Test Condition H]:H:"llf;]f]liﬁ Hlﬁ:‘ﬁsﬂildi it
Min. Max. Min. Max.
LASER CW, T = <4070 iy #8570,
Pov s nuobed baelowsw
wnless ot herwise stared
Bated aptical power o Te = ranges specified 2 1 mi
ahaowe, UW
Threshold current lth Te = +25"C 1.5 10 35 10 mh
Thireshaob] earvent lth 1.5 ) 1.5 Al m
Canpled Power in "C0T Pilv |00 = Tth - 2 A 12 12 pw
whalie
.\i-lr'||u_' efficiency M T = +265°0 [£K) 15 Al L] WA
Divive current absove Tilh, Il Te = +25°9 12.5 A 1l a1 o
for Im = i (Po, +25°C) Te = AL 1o B0 i T 7.0 T T
Forward voliage - LST VI 1.6 1.4 v
- HFCT L 40 y
Centre wavelength A Te = +25°C 1286 13306 1286 1536 nim
Ter = <40 1 <RS0 12640 10 120H1 1k T
Wavelengthftemperature | AWAT (b4 0.4 ™
codTicient
Spectral width o One sigma, RMS 20 2.5 nm
Hise and fall time 1 10 - B, Ith b o st p= s
Therefore:
Worst case transmitter power =-1dBm
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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MULTILIN

GE Power Management

Title L90 Fiber Interface Specifications

Step 3 — Maximum Optical

Table 2

Input Power

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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MULTILIN GE Power Management
Title L90 Fiber Interface Specifications

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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Title L90 Fiber Interface Specifications

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 OK. O.K.
-0.67 -30.65 29.98 O.K. O.K.
-0.67 -30.79 30.12 OK. 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

GE Power Management

*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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MULTILIN GE Power Management
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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 50/125um 0.55-1.5
MM 1310 62.5/125um 0.61-1.5
MM 850 50/125um 26-3.5
MM 850 62.5/125um 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 133
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 50/125um 055-1.5
MM 1310 62.5/125um 0.61-1.5
MM 850 50/125um 26-3.5
MM 850 62.5/125um 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

GE Power Management

*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.

September 29, 1999
Ray Johnson

U:\URSERIES\URL-WIP'Document Manual \L90'\SPECS\Fiber Specifications.doc 19 of 20



GE Power Management

215 Anderson Avenue
Markham, Ontario
Canada L6E 1B3

Tel: (905) 294-6222

Fax: (905) 201-2098
www.GEindustrial.com/pm



