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Table 88-7—100GBASE-LR4 and 100GBASE-ER4 transmit characteristics Table 88-8—100GBASE-LR4 and 100GBASE-ER4 receive characteristics
Description 100GBASE-LR4 | 100GBASE-ER4 | Unit Description 100GBASE-LR4 | 100GBASE-ER4 | Unit
Signaling rate, each lane (range) 25.78125 = 100 ppm GBd Signaling rate, each lane (range) 25.78125 = 100 ppm GBd
Lane wavelengths (range) 1294.53 to 1296.59 nm Lane wavelengths (range) 1294.53 to 1296.59 nm
) 1299.02 to 1301.09 1299.02 to 1301.09
1303.54 to 1305.63 1303.54 to 1305.63

1308.09 to 1310.19 1308.09 to 1310.19

o d
Side-mode suppression ratio (SMSR), (min) 30 dB Damage threshold 5.5 dBm
Total average launch power (max) 105 8.9 dBm Average receive power, each lane (max) 4.5° dBm
e et o s o i Cony] -
Average launch power, each lane (max) 45 29 dBm Average receive power, each lane® (min) (— 10.6 )| 20.9 dBm
Average launch power, each lane® (min) C 3 ) 29 dBm Receive power, each lane (OMA) (max) 45 dBm
. . . . Diff i eivi er betw / two lanes (OMA 5.5 - dB
Optical Modulation Amplitude (OMA), each lane (max) 4.5 dBm (nlm mf;cncc in receive power between any two lanes ( )
. . . ‘ . b
Optical Modulation Amplitude (OMA), each lane (min) =13 0.1 dBm Difference in receive power between any two lanes (Average and _ 45
OMA) (max)
Difference in launch power between any two lanes (OMA) 5 — dB
(max) Receiver reflectance (max) =26 dB
Difference in launch power between any t\vogancs (Average - 3.6 Receiver sensitivity (OMA), each lane¢ (max) 86 214 dBm
and OMA) (max) E'Z j:’;] INTD— 1.7
] N q Receiver 3 dB electrical upper cutoff frequency, each lane (max) 31 GHz
Launch power in OMA minus TDP, each lane (min) —_ Bm
. K K Stressed receiver sensitivity (OMA), each lane® (max) ( -6.8 | -17.9 dBm
Transmitter and dispersion penalty (TDP), each lane (max) 22 2.5 dB -

%0 B Conditions of stressed receiver sensitivity test E'Z i/;] VAN — 6.2 (d Bm) (R e:4)

Average launch power of OFF transmitter, each lane (max)

Vertical eye closure pcnalt}:f each lane 1.8 35 dB
Extinction ratio (min) 4 I 8 dB
: Stressed eye J2 Jitter,! each lane 0.3 Ul
RIN,(OMA (max) -130 dB/Hz
Stressed eye J9 J itter, cach lane 0.47 Ul
Optical return loss tolerance (max) 20 dB

The receiver shall be able to tolerate, without damage, continuous exposure to an optical input signal having this aver-

Transmitter reflectance® (max) -12 dB age power level.

5The average receive power, each lane (max) for 100GBASE-ER4 is larger than the 100GBASE-ER4 transmitter value
to allow compatibility with 100GBASE-LR4 units at short distances.

Average receive power, each lane (min) is informative and not the principal indicator of signal strength. A received

Transmitter eye mask definition {X1, X2, X3, Y1, Y2, Y3} {0.25,0.4, 0.45,0.25, 0.28, 0.4}

a e . o . . v nsure compliance.
Average launch power, each lane (min) is informative and not the principal indicator of signal strength. A transmitter Receiver sensitivity (OMA), each lane (max) is informative
bwith launch power below this value cannot be compliant; however, a value above this does not ensure compliance. Measured with conformance test signal at TP3 (sce 88.8.10) for BER = 10712,
Even if the TDP < 1 dB, the OMA (min) must exceed this value. fVertical eye closure penalty, stressed eye J2 Jitter, and stressed eye J9 Jitter are test conditions for measuring stressed

“Transmitter reflectance is defined looking into the transmitter. receiver sensitivity. They are not characteristics of the receiver.
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Table 88-9—100GBASE-LR4 and 100GBASE-ER4 illustrative link power budgets

Parameter 100GBASE-LR4 100GBASE-ER4 Unit
Power budget (for maximum TDP) 8.5 — dB
Power budget — 21.5 dB
Operating distance 10 30 40° km
Channel insertion loss 6.3° 15 18 dB
Maximum discrete reflectance -26 -26 dB
Allocation for penalties® (for maximum TDP) 2.2 — dB
Allocation for penalties® — 3.5
Additional insertion loss allowed 0 3 0 dB

#Links longer than 30 km are considered engineered links. Attenuation for such links needs to be less than the worst case

for B1.1, B1.3, or B6_A single-mode cabled optical fiber

bThe channel insertion loss is calculated using the maximum distance specified in Table 886 for I00GBASE-LR4 and

fiber attenuation of 0.43 dB/km at 1295 nm plus an allocation for connection and splice loss given in 88.11.2.1.

€Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.

2012/11/15
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Table 87-7—40GBASE-LR4 transmit characteristics
¥ /NT— -36(dBm) (R_e=3.5)

LD 4% (51 A7t IEEES02.3ba)

Table 87-8—40GBASE-LR4 receive characteristics

E 14,87 — -8.4(dBm) (R_e=3.5)

#Average launch power, each lane (min) is informative and not the principal indicator of signal strength. A transmitter
with launch power below this value cannot be compliant; however, a value above this does not ensure compliance.

PEven if the TDP < 0.8dB, the OMA (min) must exceed this value.
“Transmitter reflectance is defined looking into the transmitter.

2012/11/15

CReceiver sensitivity (OMA), each lane (max) is informative. R
Measured with conformance test signal at TP3 (see 87.8.11) for BER = 10712,

Description 4\ Value Unit Description 4\ Value Unit

Signaling rate, each lane (range) \ 10.3125 = 100 ppm GBd Signaling rate, each lane (range) \ 10.3125 = 100 ppm GBd
Lane wavelengths (range) 1264.5t0 1277.5 nm Lane wavelengths (range) 1264.5t0 1277.5 nm

1284.5 t0 1297.5 1284.5t0 1297.5

1304.5t0 1317.5 1304510 1317.5

1324.5 t0 1337.5 1324510 1337.5
Side-mode suppression ratio (SMSR), (min) \ 30 dB Damage threshold® (min) \ 33 dBm
Total average launch power (max) \ 8.3 dBm Average receive power, each lane (max) \ 23 dBm
Average launch power, each lane (max) \ 23 dBm Average receive power, each lane® (min) \ -13.7 dBm
Average launch power, each lane® (min) \ -7 dBm Receive power, each lane (OMA) (max) \ 35 dBm
Optical Modulation Amplitude (OMA), each lane (max) \ 35 dBm Difference in receive power between any two lanes (OMA) (max) \ 7.5 dB
Optical Modulation Amplitude (OMA), each lane (min)® \ -4 dBm Receiver reflectance (max) \ 26 dB
Difference in launch power between any two lanes (OMA) (max) \ 6.5 dB Receiver sensitivity (OMA), each lane® (max) \ ~11.5 dBm
Launch power in OMA minus TDP, each lane (min) \ -48 dBm Receiver 3 dB electrical upper cutoff frequency, each lane (max) \ 123 GHz
Transmitter and dispersion penalty (TDP), each lane (max) 26 dB Stressed receiver sensitivity (OMA), each lane? (max) | -9.6 dBm
Average launch power of OFF transmitter, each lane (max) =30 dBm Conditions of stressed receiver sensitivitv test:
Extinction ratio (min) 35 dB Vertical eye closure penalty,® each lane 1.9 dB
RIN;jOMA (max) -128 dB/Hz Stressed eye J2 Jitter,® each lane 0.3 Ul
Optical return loss tolerance (max) 20 dB Stressed eye J9 Jitter,® each lane 0.47 ul
Transmitter reflectance” (max) -12 dB “The receiver shall be able to tolerate, without damage, continuous exposure to an optical input signal having this

average power level
Transmitter eye mask definition {X1, X2, X3, Y1, Y2, Y3} 10.25,0.4,0.45,0.25,0.28, 0.4} Average receive power, each lane (min) is informative and not the principal indicator of signal strength. A received
power below this value cannot be compliant; however, a value above this does not ensure compliance.

®Vertical eye closure penalty, stressed eye J2 Jitter, and stressed eye J9 Jitter are test conditions for measuring
stressed receiver sensitivity. They are not characteristics of the receiver.

Copyright(c) Internet Initiative Japan Inc.

34



40GBASE-LR4MD YL [EY D {4k
(5|t IEEE802.3ba)

Table 87-9—40GBASE-LR4 illustrative link power budget

Parameter Value Unit
Power budget (for max TDP) 9.3 dB
Operating distance 10 km
Channel insertion loss® 6.7 dB
Maximum discrete reflectance -26 dB
Allocation for penaltiesb (for max TDP) 2.6 dB
Additional insertion loss allowed 0 dB

The channel insertion loss is calculated using the maximum distance specified in Table 87-6 and cabled optical fiber
attenuatlon 0f 0.47 dB/km at 1264.5 nm plus an allocation for connection and splice loss given in 87.11.2.1.
b ink penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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Table 52-12—10GBASE-L trgnsmit characteristics
/87— -5.0(dBm) (R_e=3.5)
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Table 52-13—10GBASE-L receive characteristics
z|1i’>J/\°'7A— -9.1(dBm) (R_e=3.5)

¥Average launch power (min) is informative and not the principal indicator of signal strength. A transmitter with launch
power below this value cannot be compliant; however, a value above this does not ensure compliance.

*TDP s transmitter and dispersion penalty.

“Even if the TDP < | dB, the OMA(min) must exceed this value.

Examples of an OFF transmitter are: no power supplied to the PMD, laser shutdown for safety conditions, activation of a
PMD_global_transmit_disable or other optional transmitter shut down conditions.

“Transmitter reflectance is defined looking into the transmiltter.

2012/11/15
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Description l()GBASE-LWA 10GBASE-LR Unit Description 10GBASE-L Unit

Signaling speed (nominal) 9.95328 103125 GBd Signaling speed (nominal)

. N _ I0GBASE-LR 103125 GBd
Signaling speed variation from nominal (max) +20 £100 ppm 10GBASE-LW 9.95328
Center wavelength (range) 12010 1355 nm Signaling speed variation from nominal (max) +100 ppm
Side Mode Suppression Ratio (min) 30 B Center wavelength (range) 12601t0 1355 nm
Average launch power (max) 0.5 dBm Average receive power* (max) 0.5 dBm
Average launch power® (min) -8.2 dBm Average receive powerb (min) _144 dBm
Launch power (min) in OMA minus TDP 6.2 dBm Receiver sensitivity (max) in OMA® 0.055 (-12.6) mW (dBm)
Optical Modulation Amplitude® (min) =52 dBm Receiver Reflectance (max) n 4B
Transmitter and dispersion penalty (max) 32 dB Stressed receiver sensitivity (max) in oMAde 0.093 (-10.3) mW (dBm)
Average launch power of OFF transmitter (max) =30 dBm Vertical eye closure penaltvf (min) 22 B
Extinction ratio (min) 35 B Stressed eye jitter® (min) 03 Ul pk-pk
RIN},0MA (max) -128 dB/Hz Receive electrical 3 dB upper cutoff frequency (max) 123 GHz
Optical Return Loss Tolerance (max) 12 B “The receiver shall be able to tolerate, without damage, continuous exposure to an optical input signal having a power

. level equal to the average receive power (max) plus at least | dB.

_— tanced (e -
Trngmitie Reflectanee” (max) 2 @ hf\vergge receive power (min) is informative and not the principal indicator of signal strength. A received power below
Transmilter eye mask definition {X1, X2, X3, Y1, Y2, 025,040,045, 0.25, 028, 0.40} . this yalue cannot be.cqm‘pliam:. however, a value above this does not ensure compliance.
y3) Recetver sensitivity 1s informative, ,

$\leasured with conformance test signal at TP3 (see 52.9.9.3) for BER = 102

“The stressed sensitivity values in the table are for system level BER measurements, which include the effects of CDR
circuits. It is recommended that at least 0.4 dB additional margin be allocated if component level measurements are
made without the effect of CDR circuits.

Vertical eye closure penalty is a test condition for measuring stressed receiver sensitivity. It is not a required character-
istic of the receiver.

EStressed eye jitter is a test condition for measuring stressed receiver sensitivity. It is not a required characteristic of the
receiver.

36



BIPE+l(51)

ot IEEE802.3ba)

1&&.\&_/%14—(0)&\/"17 %ﬂi@ﬁ%@ﬁﬁmuh\ﬂj%é*&
« RABL—2 B T163847 0D /N T4%EETEL . AMDBIP3/BIP7IZ{EF ANAL
ZIEBITETELT=BIP3EAMMDBIPIDEZXLLEL . ESEEIEBIPAI U A—HEZ S

PCSLane 0 [T [

Ini
[T/ 1T
L

sosimes 16383+1 = 16384 blocks

Table 82-4—BIP; bit assignments

BIP; bit number Assigned 66-bit word bits

f\

PCS Lane n-1[ [ ] ] T 0 2,10, 18, 26, 34, 42, 50, 58
7
18383 blocks between alignment markers 1 3,11, 19,27, 35, 43, 51, 59
2 4,12, 20, 28, 36, 44, 52, 60
Figure 82-8—Alignment marker insertion period
0,5,13,21,29,37,45, 53,61
4 1,6, 14,22, 30, 38, 46, 54, 62
5 7,15, 23,31, 39, 47, 55, 63
6 8, 16, 24, 32, 40, 48, 56, 64
Bit Position: 0 1 2 910 1 3 3334 4142 4950 5758 65 7 9,17, 25,33,41, 49, 57, 65
I 1c| Mo | M, | M | BIP; | M, | Ms | Mg | BIP; |
>
BIPDEHRE XM R I1—ILE
Figure 82-9—Alignment marker format
XFREYRDXOREESTLNVS
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