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Duplex SMF & PSM4 PMDs Decision Tree
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studied l

bit rate 100G
per A

NRZ PAM-4 DMT

modulation '
‘ V2

50Gb/s 50Gb/s
PAM-4

100Gb/s
PAM-4

30 September 2014 3 F i n iS a r®




PAM-M PAPR Penalty (Electrical)

m PAM-M has excess bandwidth above Nyquist
m Transition modelled as raised cosine with roll-off factor = a
m Small values of a result in PAPR penalty, similar to DMT

X 104 Modulator Output: 20 GHz TX BW

:2 @ | — ouT Example:
= 1ol it | —° PAM-4,0.=0.1 2 TX BW = 20GHz
: 8t ma=0.1
é i i m Post-clipping
2 SNR = 24dB

7! ‘...7: m PAPR penalty =

i 2dB
07 - : )

amplitude
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PAM-M PAPR Penalty Examples

Amplitude

Symbols

100G/lambda PAM-4
hirai 3bs 01 0914

51.2-GBaud NPAM-4
BER floor = ~3e-4
a=0.1(rao 3bs 01Db)
PAPR penalty >2dB

Four Wavelength 400G
bhatt 3bs 0la 0714

107Gb/s PAM-4
BER floor = ~4e-4
a=0.01(?)

PAPR penalty >2dB

30 September 2014

Finisar


http://www.ieee802.org/3/bs/public/14_09/hirai_3bs_01_0914.pdf#page=9
http://www.ieee802.org/3/bs/public/14_09/rao_3bs_01b_0914.pdf#page=6
http://www.ieee802.org/3/bs/public/14_07/bhatt_3bs_01a_0714.pdf#page=24

PAM-M ldeal Modulation Penalty (Optical)

B Bpapr = PAM-M PAPR loss coeff.
o 10*log10(1L/\NBprpr) @ a =0.1, 24dB SNR =1 dB

m PAM-M mod. penalty = 10*log10((M -1)/NBpapr)
e PAM-4,a=0.1 = 48+1.0 = 5.8dB

m Modulation penalty decreases S in SNR therefore:
e Reduces TX OMA of symbol eye
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TX Limit, Mux Loss & Modulation Penalty

m Eye safety limit (1310nm) = 14.1dBm AOP

m Mux loss
e 2:1 ratio =1.0dB
e 4:1 ratio =2.0dB
e 8:1 ratio =3.0dB
m Modulation penalty
e 50G NRZ =0.0dB
e 50G PAM-4 =4.8dB
e 100G PAM-4 (a =0.1, 24dB SNR) =5.8dB
e 100G DMT-k (25G DML, +/- 3o clipping) =8.8 dB
m Modulation 5% accuracy penalty =0.2dB

m DMT-k sub-carrier I & Q channel power split factor penalty
e Fk =10 *logl0 (2 * k)
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TDP 2km

okm 8x50G 8x50G 8x50G 4x100G 4x100G
NRZ PAM4 PAM4 PAM4 DMT-k
Source Mod Mod DML Mod 25G DML
Grid LAN WDM | LAN WDM | LANWDM | CWDM | LAN WDM
FEC KP4 KP4 KP4 BCH BCH
Operating BER 2.0e-4 2.0e-4 2.0e-4 1.0E-03 1.0E-03
TX analog BW 20 20 20 20 21
RX analog BW 40 20 20 31 21
i | s | s | s | |
TDP dB 1.8 0.7 1.0 2.0 2.5

Methodology as per cole 3bs 0la 0714, updated with jitter,
and residual quantization effects for 100G PAM-4 & DMT
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http://www.ieee802.org/3/bs/public/14_07/cole_3bs_01a_0714.pdf

TDP 10km

10km 8x50G 8x50G 8x50G 4x100G 4x100G
NRZ PAM4 PAM4 PAM4 DMT-k
Source Mod Mod DML Mod 25G DML
Grid LAN WDM | LAN WDM | LAN WDM | LAN WDM | LAN WDM
FEC BCH BCH BCH BCH BCH
Operating BER 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
TX analog BW 21 21 21 21 21
RX analog BW 42 21 21 32 21
veEee | s | s | s [ s |
TDP dB 2.3 0.7 1.5 2.5 3.0

Methodology as per cole 3bs 0la 0714, updated with jitter,
and residual quantization effects for 100G PAM-4 & DMT
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http://www.ieee802.org/3/bs/public/14_07/cole_3bs_01a_0714.pdf

RX Channel Loss & FEC Galin

m 2km Channel Insertion Loss & MPI Penalty =5 dB
e 4.0 dB channel base loss
e up to 1.0 dB MPI Penalty

m 10km Channel Insertion Loss & MPI Penalty = 7 dB
e 6.3 dB channel base loss
e upto 0.7 dB MPI Penalty

m FEC Optical Gain (vs. 1le-12 BER)

e KR4 =2.6dB
o KP4 =3.2dB
e BCH (2858, 2570, t=24) = 3.8 dB
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RX DeMux Loss & Bandwidth Penalty

m DeMux loss

e 2:1 ratio =1.0dB
e 4:1 ratio =2.0dB
e 3:1 ratio =3.0dB
m Bandwidth Penalty (vs. 25G NRZ)
e 50G NRZ =15dB
e 50G PAM-4 =0.0dB
e 100G PAM-4 =1.0dB
e 100G DMT =0.0dB
m FEC overhead Bandwidth Penalty
e KR4 (0%) =0.0dB
e KP4 (3%) =0.1dB
e BCH (8%) =0.2dB
e BCH (DMT, 25G DML) =0.0dB
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RX Design Penalty

m 50G TIA device noise penalty (vs. 25G) =1.0dB
m Linear TIA AGC noise penalty (vs. Limiting) = 0.5 dB
m TIA cross-talk penalty

e 25G NRZ =0.2dB
e 50G NRZ =0.4dB
e 50G PAM-4 (linear) =0.3dB
e 100G PAM-4 (linear) =0.4dB
e 100G DMT-k (linear) =0.3dB
m Analog equalizer non-idealities or ADC quantization penalty
e 50G NRZ 3-tap FFE =0.4dB
e 50G PAM-4 3-tap FFE =0.5dB
e 100G PAM-4 6-bit ENOB ADC =0.4dB
e 100G DMT-k 6-bit ENOB ADC =0.6dB
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400G 2km Duplex SMF PMDs TX Specs

4x25G NRZ | 8x50G NRZ Bx50G PAM4| 4x100G (4x100G DMT
™ Specifications LR4 No FEC| KP4 FEC KP4 FEC BCH FEC BCH FEC
MOD / DML MOD MOD / DML |PAM4 MOD| 25G DML
OpgrEaFt;”Q 1.0E-12 | 2.0E-04 | 2.0E-04 | 1.0E-03 | 1.0E-03
ERFull Scale (min) | 24 | 40| 45 |70|45| 70 45
o . . . . . . .
TX OMA pre-Mux (min)
e 0.7 19| 1.0 [1.7]|20| 3.0 | 45
M“’QEOSS 2.0 3.0 3.0 2.0 2.0
TX OMA (min)
@TOP (max) dem | 13 [0l 20 [-13]-10 1.0 25
Modulation Penalty
o 0.0 0.0 5.0 6.0 9 + Fk
TX OMA Eye (min)
@TDP (may dgm | 13 |01| 20 [-63|60| 50 -6.5 - Fk
TDPd(BmaX) 10 | 2.2 18 |07]10!| 20 25
TX OMA Eye - TDP
eaCh |ane (mln) dBm '2.3 '3.8 '7.0 '7.0 '9 = Fk
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400G 2km Duplex SMF PMDs RX Specs

NRZ 4x25G | 8x50G NRZ 8x50G PAM4] 4x100G |4x100G DMT
RX Specifications |LR4 No FEC| KP4 FEC KP4 FEC | BCHFEC | BCHFEC
MOD / DML MOD MOD / DML [PAM4 MOD| 25G DML
Symbol (or Sample)
Rate Gbaud (or GS) 25.8 53.2 26.6 53.9 55.9
Op;fEaFg'”g 1.0E-12 | 2.0E-04 | 2.0E-04 | 1.0E-03 | 1.0E-03
TX OMA Eye - TDP 23 33 20 70 9.k
each lane (min) dBm ' : - :
Channel Insertion Loss
& MPI penalty dB 6.3 5.0 5.0 5.0 2.0
RX Sens. OMA pre-FEC
each lane (max) dBm -8.6 -8.8 -12.0 -12.0 [-14 - Fk
FEC Optical Gain
v. le-12 BER dB 0.0 3.2 3.2 3.8 3.8
DeMux Loss +
Lane BW Penalty dB 2.0 4.6 3.1 3.2 2 - Fk
TIA, Xtalk, Quantization
Penalties dB 0.2 1.8 1.3 1.8 1.3
RXS . OMA t-
ens. OMAPOSt | _10.8 | -12.0 | -13.2 | -13.2 | -135

DeMux v. LR4 dBm
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400G 2km Duplex SMF PMDs Comparison

400G 2km
- LR4 specs 8x50G 8x50G 4x100G | 4x100G
4x25G NRZ NRZ PAM-4 PAM-4 DMT-K
No FEC KP4 FEC | KP4 FEC |BCH FEC |BCH FEC
MOD & DML MOD MOD DML MOD |25G DML
TX OMA delta
(pre-Mux) dB 0.3 1.0 | 0.1 2.3 2.6
RX Sens. delta
(post-DeMux) dB -1.2 -2.4 -2.4 2.7
TOta(;ge'ta 15 | 34|25| 47 5.3

Every RX Sens. delta is idealized, incomplete, and optimistic
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400G (4x100G) PSM4 PMDs TX Specs

L 4x25G NRZ | 2x50G NRZ Px50G PAM4]  1x100G |1x100G DMT
TX gsve[;:&;'%at.'éms CWDM4 KR4| KP4 FEC | KP4 FEC | BCHFEC | BCH FEC
rl MOD/DML| MOD |MOD /DML |PAM4 MOD| 25G DML
OpgrEaFt;”g 5.0E-05 | 2.0E-04 | 2.0E-04 | 1.0E-03 | 1.0E-03
ERFull Scalemin) | g5 | 35| 45 |70]45]| 70 45
o . . . | | . .
TX OMA pre-Mux (min)
@TDP (maX) dBm '2.0 0.0 _1-5 _0-8 _0-5 O-O 2-0
M“’éEL;OSS 2.0 1.0 1.0 0.0 0.0
TX OMA (min)
@TDP (max) dBm -40 | -2.0 -2.5 -1.8-1.5 0.0 2.0
Modulation Penalty
4B 0.0 0.0 5.0 6.0 9 + Fk
TX OMA Eye (min)
@TDP (max) dBm -40 | -2.0 -2.5 -6.8 | -6.5 -6.0 -7 - Fk
TD:gm” 1.0 | 3.0 18 |o07!10| 20 25
TX OMA Eye - TDP
eaCh Iane (m|n) dBm '5-0 '4.3 '7.5 '8.0 '9.5 - Fk
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400G (4x100G) PSM4 PMDs RX Specs

T - 4x25G NRZ | 2x50G NRZ 2x50G PAM4] 1x100G |[1x100G DMT
Rxg\'?ve[;:l\';'cea?'dons CWDM4 KR4| KP4 FEC | KP4 FEC | BCHFEC | BCH FEC
Il MOD / DML MOD MOD / DML [PAM4 MOD| 25G DML
Symbol (or Sample)
Rate GBaud (or GS) 25.8 53.2 26.6 53.9 55.9
Op;fEaFg'”g 5.0E-05 | 2.0E-04 | 2.0E-04 | 1.0E-03 | 1.0E-03
TX OMA Eye - TDP 0 43 e e ot
each lane (min) dBm
Channel Insertion Loss
& MPI penalty dB 5.0 5.0 5.0 5.0 5.0
RX Sens. OMA pre-FEC
each lane (max) dBm -10.0 -9.3 -12.5 -13.0 [-14.5 -Fk
FEC Optical Gain
4B 2.6 3.2 3.2 3.8 3.8
DeMux Loss +
Lane BW Penalty dB 2.0 2.6 1.1 1.2 0-Fk
TIA, Xtalk, Quantization
Penalties dB 0.2 1.8 1.3 1.8 1.3
RX Sens OMApost | 96 | -105 | -11.7 | -122 | -12.0

DeMux v. CWDM4 dBm
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400G (4x100G) PSM4 PMDs Comparison

4x100G 2km
- CWDM4 specs | 2x50G 2xX50G 1x100G | 1x100G
4x25G NRZ NRZ PAM-4 PAM-4 DMT-K
KR4 FEC KP4 FEC | KP4 FEC |BCH FEC |[BCH FEC
MOD & DML MOD MOD DML MOD 25G DML
TX OMA delta
(pre-Mux) dB 0.5 1.2 | -0.5 2.0 2.0
RX Sens. delta
(post.DeMuw) dB| 02 2.1 2.6 2.4
TOta(;ge'ta 14 |33|16| 46 4.4

Every RX Sens. delta is idealized, incomplete, and optimistic
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400G 10km Duplex SMF PMDs TX Specs

o 4x25G NRZ | 8x50G NRZ [8x50G PAM4] 4x100G |4x100G DMT
T>L( ASI\IIJ Wg:\;agqgs LR4 No FEC| BCHFEC | BCHFEC | BCH FEC | BCH FEC
rl MOD/DML | MOD |MOD /DML |PAM4 MOD| 25G DML
OpgrEaFt;”Q 10E-12 | 1.0E-03 | 1.0E-03 | 1.0E-03 | 1.0E-03
ERFull Scale (min) | 24 | 40| 45 |70|45| 70 45
= . . . . . . .
TX OMA pre-Mux (min)
Oomapremuxmin| 67 119! 20 [22[30] 30 | 45
M“’QEOSS 2.0 3.0 3.0 2.0 2.0
TX OMA (min)
@TDP (max) dBm -1.3 | -0.1 -1.0 -0.8 1 0.0 1.0 2.5
Modulation Penalty
4B 0.0 0.0 5.0 6.0 9 + Fk
TX OMA Eye (min)
@TDP (max) dBm -1.3 | -0.1 -1.0 -581-5.0 -5.0 -6.5 - Fk
TOP (max) 10 |22 23 |o07|15]| 25 3.0
TX OMA Eye - TDP
each Iane (mln) dBm '2.3 '3.3 '6.5 '7.5 '9.5 - Fk
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400G 10km Duplex SMF PMDs RX Specs

FTR NRZ 4x25G | 8x50G NRZ [8x50G PAM4] 4x100G [4x100G DMT
Ri(ASNp\elsg:\;%lqgs LR4 No FEC| BCHFEC | BCHFEC | BCHFEC | BCHFEC
i MOD / DML MOD MOD / DML |[PAM4 MOD| 25G DML
Symbol (or Sample)
Rate Gbaud (or GS) 25.8 55.9 28.0 55.9 55.9
opeTesnd 1.0E-12 | 1.0E-03 | 1.0E-03 | 1.0E-03 | 1.0E-03
TX OMA Eye - TDP 53 23 o e o5
each lane (min) dBm
Channel Insertion Loss
& MPI penalty dB 6.3 7.0 7.0 7.0 7.0
RX Sens. OMA pre-FEC
each lane (max) dBm -8.6 -10.3 -13.5 | -14.5 |-16.5 -Fk
FEC Optical Gain
v. le-12 BER dB 0.0 3.8 3.8 3.8 3.8
DeMux Loss +
Lane BW Penalty dB 2.0 4.7 3.2 3.2 2 - Fk
TIA, Xtalk, Quantization
Penalties dB 0.2 1.8 1.3 1.8 1.4
RX Sens. OMA post-
ens. DMAPOSE | _10.8 | -13.0 | -14.2 | -15.7 | -16.1

DeMux v. LR4 dBm
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400G 10km Duplex SMF PMDs Comparison

400G 10km
- LR4 specs 8x50G 8x50G 4x100G | 4x100G
4x25G NRZ NRZ PAM-4 PAM-4 DMT-K
No FEC BCH FEC | BCH FEC | BCH FEC |BCH FEC
MOD & DML MOD MOD DML MOD |25G DML
TX OMA delta
(pre-Mux) dB 1.3 15| 1.1 2.3 2.6
RX Sens. delta
(post-DeMux) dB -2.2 -3.4 -4.9 -5.3
TOta(;ge'ta 35 | 49|45 7.2 7.9

Every RX Sens. delta is idealized, incomplete, and optimistic
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Optical Specifications of SMF PMDs Study

Thank you

$IEEE
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