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Overview Al

* |nitial study of practical impairments to DP-IMDD

* Outline
* Overview of DP transmit and reception
* Penalty assessment
 Link budgets
« Conclusion
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Baseline links

Semicon!uctor

Baseline Status as of May 17th

Ethernet | Assumed
Rate Signaling

Rate

200 Gb/s 200 Gb/s Over 1 lane Over 1 pair Over 1 Pair Over 1 Pair
200GAUI-1 200GBASE-CR1 TBD TBD
400 Gb/s 100 Gb/s Over 4 Pair
TBD
200 Gb/s Over 2 lanes Over 2 pairs Over 2 Pair
400GAUI-2 400GBASE-CR2 TBD
800 Gb/s 100 Gb/s
Target for this proposal
200 Gb/s Over 4 lanes Over 4 pairs Over 4 pairs 1) Over 4 pairs
800GAUI-4 800GBASE-CR4 TBD TBD
2) Over4\'s
TBD
TBD Over single Over single
SMF in each SMF in each
direction direction
TBD TBD
1.6 Tb/s 100 Gb/s Over 16 lanes
1.6TAUI-16
200 Gb/s Over 8 lanes Over 8 pairs Over 8 pairs Over 8 pairs
1.6TAUI-8 1.6TBASE-CR8 TBD TBD

IEEE P802.3df Task Force, May 2022 Session
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MIMO demux done in
digital electronics

Can do MIMO demux after
coherent detection because
interference with LO with ppm
offset provides phase information

MIMO demux must be
done in optics

Cannot do MIMO demux after
square-law detection because of
loss of phase information  pgge 5
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Some options for 800G LR (10 km)
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DP-PAM4 implementation of 800G LR4:

EML Tx, SiPh Rx

FSO LR4 muxes

X1+ EML
1271 nm

Y1 EML
1271 nm

X2¥| EML
1291 nm

Y2¥| EML
1291 nm

X3 EML
1311 nm

Y3 EML
1311 nm

X4+ EML
1331 nm

Y4 EML
1331 nm

PBS

Half-wave
plate

Integrated LR4 demuxes

PBSR

> X1
> Y1
> X2

> Y2
> X3

> Y3
> X4

> Y4

Individual pol demuxes for each
channel so PMD is not a concern
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DP-PAM4 implementation of 800G LR4: @
SIPh Tx, SiPh Rx

Integrated LR4 mux/demuxes

Xv
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X
> X3
Laser Modulator|
.’
saser —-< Y3
Modulator > X4
;243& > Y4
Modulator|
Laser . .
1331 nm '-< Individual pol demuxes for each
Modulator channel so PMD is not a concern
Y4
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Al
Marker tones Al

Two simple low-frequency marker tones are added at the transmitter to identify and aid in
separating the X and Y polarizations in the receiver.

DAC Controller [
X tone (~1 MHz, ~2%)
X Pol

monitor

\ 4 A

Laser X
input Modulator \& @ h x_J > ADC
— 4-< PBSR PBSR ol

demux
Modulator { v N Y ADC

Y

Y tone (~1 MHz + A, ~2%)

DAC

DP system is entirely agnostic to PHY and PCS
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DP penalty assessment

X
e B(O),
SP Uncooled | [\ uator® .

laser

X
X
DP | Uncooled MOduIator-\ _
laser ‘//’ .
Modulator| y y\

/‘Y

Tone addition

PBSR finite ER Optical losses
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AlED
DP-PAM4 simulation: setup

Controller
X lTone #1
Laser I «
input oaulator, h v X X —_
PHY > —-< >PBS-~ PBSR] jomux : P
Modulator[~y v y Y
Yl lTone #2
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: Al
PDL compensation -

[;] = DPwFPr )

Prx = Tx rotator, PBS, and output coupling
F = fiber

Prx = Rx input coupling, PBS, and rotator
D = MIMO demux

If Py, F, and Pg, are all unitary (lossless) then D can be unitary
However, if not, they can be viewed as having polarization-dependent loss (PDL)
In such a case, D must also be non-unitary
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Tone penalty

Tone frequency = 1-3 MHz

Low-frequency cut-off maximum = 100 kHz, thus tone is in the signal bandwidth

Tone amplitude = 2%

Calculated penalty @ 1e-6 BER < 0.05 dB
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Tx PBC finite extinction ratio A

X

Modulator~X @ h L X
Uncooled _-< > oBCH PBS Pol
y
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laser f -/ .demux T.'__, v
/

Finite polarization ER here
Typical spec. for polarization splitter = 23 dB

Modulator|

Finite ER is equivalent to PDL (non-unitary transfer matrix)

20 dB ER w/ PDL
50 dB ER 20 dB ER compensation in pol demux
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D G D Table 151-13—Fiber optic cabling (channel) characteristics

demultiplexing

Description 400GBASE-FR4 400GBASE-LR4-6 Unit
Operating distance (max) 2 6 km IEEE Std 802 SCU'ZOZ 1
Channel insertion loss® b(mm-{) 4 6.3 dB
Channel insertion loss (min) 0 0 dB
Positive dispersion® (max) 6.6 19.9 ps/nm
Negative dispersion® (min) -11. =259 ps/nm
DGD_max® 2.3 4 ps
Optical return loss (min) 25 22 dB 4 pS DGD
DGD causes different frequency ' '
components to have a different
pon : I!illism;“ ft "EII!m;." i E!!imulllli 53;555 |gim||!i||i
polarization, reducing the i Ililliimiu 'n o iEmsilIEIII i; i musaim
effectiveness of optical polarization oIl I [T i A i .:.EE wmmpf
IIIEIImI!!iI L il iil““llllll““ et AT

SSMF is specified at 0.04
ps/sqrt(km). This gives DGD
of only 0.1 ps for 6 km

1 ps DGD
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DGD = 4ps 5 stages 5tap EQ
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Performance penalties
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N

Lower than IEEE spec for 6
km (4 ps), but SSMF is
specified at 0.04 ps/sqrt(km),

Penalty w/out | Penalty w/ PDL| Comments
PDL comp comp (dB)
(dB)

Tx PBC ER 0.7 0.0 23 dB ER

Rx PBS ER 0.7 0.0 23dBER

Tone 0.05 2%

DGD 0.5 1ps DGD

Total 1.1 0.5

Assumptions:

Penalty is at 10 BER

Power imbalance < 3 dB between X and Y at launch
Penalties are uncorrelated

Note: coherent Tx & Rx also have penalties from imperfect ERs

which gives DGD of only 0.1
ps for 6 km, so 1 ps is still
very conservative
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. Al
Tx loss penalties -

_____ltem | Penalty (dB)

Tx PBC insertion loss 0.2

Tx fiber coupling loss 04 Does not apply to
to TM EML-based Tx
Total 0.6

Note: a coherent Tx has the same loss penalty
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RX loss penalties

Penalty w/out | Penalty w/

PDL comp PDL comp

(dB) (dB)
Rx fiber coupling loss 0.4 0.4
to TM
Rx PBS insertion loss 0.2 0.2
Rx MIMO demux 0.5 0.5
insertion loss
PDL compensation 0.0 04
Total 1.1 1.5

Note: a coherent Rx has the same loss penalty as the first two rows

Comments

Non-unitary controller
requires more optical
elements

Semicon ! uuuuu
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Total penalties due to DP AR

Tx

m Penalty (dB) “ Penalty Penalty w/

Loss penalty 0.6 w/out PDL | PDL comp

comp (dB dB
Total 0.6 b (dB) (dB)
Performance
penalty
Loss penalty 1.1 1.5
Total 2.2 2.0

Page 19



Assuming PDL compensation Al’

Link budget for 6 km o

DP
2.7 dBm
2.3 dBm TDECQ 3.4 dB
| TDECQ 3.4 dB . Tx OMA min 0.7 dBm
Tx OMA min 0.3 dBm .0.7 dBm
-1.1 dBm
5.0dB
Channel IL 5.0 dB Channel IL
0.5dB
DGD (0.3) + MPI (0.2) 0.5dB DGD (0.3) + MPI (0.2)
DP performance penalty 0.5dB
No additional loss
Additional loss or penalty allowed 16 dB or penalty allowed
DP Rx loss 1.5dB
SP Rx sensitivity -6.8 dBm SP Rx sensitivity -6.8 dBm

https://www.ieee802.org/3/cu/public/May19/yu_3cu_01a_0519.pdf Page 20



" Assuming PDL compensation Al
Link budget for 10 km 9 PO compensat A
SP

DP
5.1 dBm
31 dBm TDECQ 3.4 dB
TDECQ 3.4 dB Tx OMA min 3.1dBm
Tx OMA min 1.1 dBm 1.7.dBm
-0.3 dBm
7.0dB
Channel IL 7.0dB Channel IL
0.9dB
DGD (0.5) + MPI (0.4
No additional loss 6D (05) 0-4) No additional loss
or penalty allowed or penalty allowed
DP performance penalty 0.5dB
DGD (0.5) + MPI (0.4) 0.9dB DP Rx loss 1.5dB
SP Rx sensitivity -6.8 dBm SP Rx sensitivity -6.8 dBm
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Conclusions
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* Performed initial study of DP-PAM4 implementation penalties
* Rx will likely need PDL (non-unitary) compensation

 6-km link

appears reasonable

* Requires ~0.4 dB higher launch OMA per polarization

* Requires smaller maximum DGD (1 ps instead of 4 ps)
« Today’s fiber are specified for < 0.1 ps DGD for 6 km

e 10-km lin
* Many of t

K appears challenging with current technology
nese DP penalties are not unique to IMDD and are present in

coherent

Inks, as well
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