BMP for 4-wavelength PMDs — evidence from
100G-SWDM4 modules
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SR4

100G SR4 and SWDM4

4 Tx + 4 Rx = 8 fibers needed per 100G link

|EEE standard (100GBASE-SR4) for optical specs
|EEE CAUI-4 on electrical side

Use cases

Datacenters, Enterprise where full IEEE compliance required

Upgrade from existing SR4 fiber plant or where fiber cost is
secondary

SWDM4
1 Tx+ 1 Rx = 2 fibers/100G link

SWDM industry MSA for optical specs
|[EEE CAUI-4 on electrical side

Use cases

Datacenters, Enterprise with legacy duplex fiber (direct upgrade
from 10G)

Greenfield where fiber costs matter
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Interoperability

* Demonstrated interoperability with another vendor’s SWDM4
module (at ECOC 2016)

— Error free operation over 100m OM4 duplex MMF

Wavelength (nm)
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Crossing %

456 %
Rise Time
18.03 ps
Eye Ampl
1.1495 mwW
Jitter[p-p]
13.113 ps
Average Power

1A Fall Time

21.22ps
1A Eye Height[Ampl]

451.0 pW
1A SNR

494

1A Ext. Ratio, ERCF:2.00 %

5.769 dB
1A Bit Rate

25.760 Gbis

1a|

60 mdBm
Wrmsl

Mask 1

Source: 1A
Align Method: Eye Cross Mean
Waveforms: 313 wim
Samples/UI: 385.46 ksa
Margin: 43.7 %
+/-: 0.59 %
Hit Ratio: 1.50E-3

Mask Test

Mask: 100GE-SR4 |
Data Rate: 25.781 Gb/s

Standard Mask Violations
Region 1: 0 hits
Region 2: 0 hits
Region 3: 0 hits
Total: 0 hits |

Margin Mask Violations
Region 1: 494 hits
Region 2: 79 hits
Region 3: 0 hits

Total: 573 hits

Crossing % 1A Fall Time iR (a
446% 18.55 ps T
Rise Time 1A Eye Height[Ampl]
15.96 ps 791.0 yW
Eye Ampl 1A SNR 1A
1.3645 mW 7.14
Jitter[p-p] 1A Ext. Ratio, ERCF:2.00 % 1A
13.285ps 5773d8
Average Power 1A Bit Rate JA 9
790 mdBm 25.875 Gbls
Jitter[rms] A | ¥
— - -

Mask 1

<41A

Mask Test

Mask: 100GE-SR4 |Change.

Data Rate: 25.781 Gbis

Source: 1A
Align Method: Eye Cross Mean
Waveforms: 314 wim
Samples/UI: 386.71 ksa

Margin:
+/-
Hit Ratio:

455%
0.45%
1.50E-3

lewis_|

Standard Mask Violations
Region 1: 0 hits
Region 2: 0 hits
Region 3: 0 hits
Total: 0 hits )

Margin Mask Violations
Region 1: 574 hits
Region 2: 1 hits
Region 3: 0 hits

Total: 575 hits

ngmmf_01_0318

Crossing % 1A Fall Time
452% 20.65 ps
Rise Time 1A Eye Height[Ampl]
18.75 ps 521.5 yW
Eye Ampl 1A SNR
1.2205 mwW 5.24
Jitter[p-p] 1A Ext. Ratio, ERCF:2.00 %
13.392 ps 5.085 dB
Average Power 1A Bit Rate
770 mdBm 25.775 Gbis
Litter{rms1 iAa|

|4

Crossing %
422%

Rise Time

18.20 ps
Eye Ampl

1.838 mW
Jitter[p-p]

10.697 ps
Average Power

2.01dBm

Signals

1A

Mask Test

Mask: 100GE-SR4 |Change...

M DataRate: 25.781Gbls
Source: 1A Standard Mask Violations
Align Method: Eye Cross Mean Region 1: 0 hits
Waveforms: 312 wim Region 2: 0 hits
Samples/UI: 383.39 ksa Region 3: 0 hits
Margin: 45.1 % Total: 0 hits J

+[-: 0.45%
Hit Ratio: 1.50E-3

Ditterfrms1

1A Fall Time

20.19 ps
1A Eye Height[Ampl]

843 pW
1A SNR

5.57

1A Ext. Ratio, ERCF:2.00 %

5916 dB
1A Bit Rate

25.875 Gbis

1A |
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e Data Rate: 25.781 Gbis

Source: 1A
Align Method: Eye Cross Mean
Waveforms: 313 wim
Samples/Ul: 384.61 ksa

Mask: 100GE-SR4 |Change...

Margin Mask Violations
Region 1: 514 hits
Region 2: 47 hits
Region 3: 0 hits

Total: 561 hits

Mask Test

Standard Mask Vioiations
Region 1: 0 hits
Region 2: 0 hits
Region 3: 0 hits

Margin: 45.8 %
+/-: 0.64 %
Hit Ratio: 1.50E-3

Total: 0 hits |

Margin Mask Violations
Region 1: 576 hits
Region 2: 0 hits
Region 3: 0 hits

Total: 576 hits




Sample Unit SN RG4870850003-A

Unit RG4870850003-A

—a— CHO0_back to back no fiber CH1_back to back no fiber
—a8— CHZ2 back to back no filber —e— CH3 back to back no fiber

‘1|:|- T T T T T T T T T T T T T T T T T T T T T T T T

10

10

BER

10

107

107

107
-10

10

-11

10 : : :
10712 ——t | —t—t | . | — e . —
-14 -12 -10 -8 -6 -4 -2 0

Rx OMA (dBm)
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Crossing % 1A Average Power
472% 1.19 dBm
Jitter[p-p] 1A Jitter[rms]
12.403 ps 1.932 ps
Fall Time 1A Rise Time
19.72 ps 16.97 ps
Eye Height[Ampl] 1A Eye Ampl
7345 pWw 1.3600 mW
‘SNR 1A | Ext. Ratio, ERCF:0 %
6.52 4.397 dB

1A

1A

Crossing %

1A Average Power

478% 250 mdBm
Jitter[p-p] 1A Jitter[rms]

11.473 ps 1.841 ps
Fall Time 1A Rise Time

19.15 ps 15.61 ps
Eye Height[Ampl] 1A Eye Ampl

706.0 pW 1.1310 mwW
SNR 1A | Ext. Ratio, ERCF:0 %

7.98 5.076 dB

<41A

Mask Test

Mask: 100GE-SR4 |change...
LR Data Rate: 25.781 Gbls
Source: 1A Standard Mask Violations
Align Method: Eye Cross Mean Region 1: 0 hits
Waveforms: 316 wim Region 2: O hits
Region 3: 0 hits
Total: 0 hits |
Hit Ratio: 1.50E-3 Margin Mask Violations
Region 1: 580 hits
Region 2: 1 hits
Region 3: 0 hits
Total: 581 hits

W Data Rate: 25.781 Gbis

Source: 1A
Align Method: Eye Cross Mean
Waveforms: 309 wim
Samples/UI: 379.70 ksa

Mask Test

Mask: 100GE-SR4 |change...

Standard Mask Violations
Region 1: 0 hits
Region 2: 0 hits
Region 3: 0 hits

Margin: 53.7 %
+/-: 0.44 %
Hit Ratio: 1.50E-3

Total: 0 hits J
Margin Mask Violations
Region 1: 554 hits
Region 2: 0 hits
Region 3: 0 hits

Total: 554 hits
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Crossing % 1A Average Power
482% 350 mdBm
Jitter[p-p] 1A Jitter[rms]
14.040 ps 2154 ps
Fall Time 1A Rise Time
17.83 ps 13.35 ps
Eye Height[Ampl] 1A Eye Ampl
757.0 pW 1.0895 mw
SNR 1A | Ext. Ratio, ERCF:0 %
9.84 4726 dB

Sample Unit SN RH0370850008-A

Signals

Mask: 100GE-SR4 [Change...

1A

Mask Test

1A
22 S Data Rate: 25.781 Gb/s
1A Source: 1A Standard Mask Violations
Align Method: Eye Cross Mean Region 1: 0 hits
Waveforms: 254 wim Region 2: 0 hits
Samples/UL: 312.81 ksa Region 3: 0 hits
Margin: 54.2 % Total: 0 hits |
1A +/-: 0.57 %
Hit Ratio: Margin Mask Violations
Region 1: 460 hits
B Region 2: 0 hits
Region 3: 0 hits
Total: 460 hits

Crossing % 1A Average Power
432% 1.73dBm
Jitter[p-p] 1A Jitter[rms]
11.991 ps 1.650 ps
Fall Time 1A Rise Time
20.53 ps 18.72ps
Eye Height[Ampl] 1A Eye Ampl
737 pW 1.726 mW
[SNR 1A | Ext. Ratio, ERCF:0 %
5.52 5613 dB

Signals

Mask Test

1A Mask: 100GE-SR4 |change...
| R Data Rate: 25.781 Gb/s
1A Source: 1A Standard Mask Violations
Align Method: Eye Cross Mean Region 1: 0 hits
Waveforms: 311 wim Region 2: 0 hits
Samples/UI: 382.16 ksa Region 3: 0 hits
Margin: 45.5 % Total: 0 hits )
1A +/-: 0.45%
Hit Ratio: 1.50E-3 Margin Mask Violations
Region 1: 568 hits
1A Region 2: 2 hits
Region 3: 0 hits
Total: 570 hits
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Conclusion and Recommendation

* 100 GbE interoperability demonstrated at ECOC-16
e 2 vendor’s modules over 100 m OM4 fiber

* Do not ignore the applications for duplex fiber (200G-SR1.4)
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THANK YOU !
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