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Motivation
 Striving for accuracy and correctness
— New fibre types
— Tough decisions at 10G: can't over- or under-
engineer
» Extending GbE spreadsheet to cover
scrambled as well as block codes

Side Benefit

» More consistent treatment of interactions
between power penalties
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New features

New boxes for baseline wander (BLW)
Attenuation output at wavelength

New "Pcross' column

"Back-to-back" row in spreadsheet
Graphing of penalties

Marker to show target length, readout of
margin at target

New pages for new high bandwidth MMF,

and 1550 nm on SMF
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What's not changed
The methodology

The layout and symbols
Nearly all equations
Theresults - hardly (at 1.25 GBd)
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| ssues outstanding
» Needs more experimental verification

 Attenuation formulaat 1550 nm not very
accurate (but you see what you are using)

| ssues not covered or not changed

e Duty Cycle Distortion (DCD)

» Mode partition noise

» Optical Modulation Amplitude specification
o Jitter

o Multilevel coding

e Chirp
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As before,

min. transmitted power - max. receiver
sensitivity = power budget

budget - (worst losses & impairments)
= margin

Spreadsheet is atool to aid specification of link

length and optical interfaces facing the link,
not primarily for transceiver design
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100 mV/div

T Low frequency cut (high
| | "'ﬂﬁ, pass filter, "zeros")

" causes baseline wander

ceiver sensitivity. There

. even in 8B10B systems.

iMethodologies for Jitter

~etrich (see references for URL).

& % It comesinto this

MM 2 rerecs

Ll | , because it interacts with

“IS1, which involves the link (fibre) not just the transceiver.

BLW could occur in transmitter or receiver.
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100 mV/div

| nteracting |mpairments

GbE spreadsheet has eight [0sses and impairments (penalties).
Of these, | believe five or six interact (within the

methodology of the spreadsheet)

ISI | TP4| RIN| MPN|BLW|MN
1S No?| Y& | 2* |Yes |?#
TP4 No?| ?* |? ?2#
RIN Yes | Yes |(?#
MPN Yes |?#
BLW ?#

* Petar Pepeljugoski and Dave Dolfi looking at this
# any interaction not addressed here

Analogy (if it helps): a sparse matrix with diagonal terms

. present and few off-diagonal terms
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Methodology 2 (Going deeper...)

1. Calculate BLW penalty in absence of 1Sl but with
TP4 eyeclosure. This effect isalready included in the
receiver sensitivity, hence in the power budget. Fill
entries in spreadsheet header.

2. Work out each loss and impairment separately, for
each length, fill entriesin spreadsheet table.

3. Work out total impairment of interacting things,
subtract relevant separate impairments including any
(BLW) hidden in thereceiver. Result goesin box
"Pcross’.

4.  Add across table to get total penalties.

5.  Graph out each penalty and total penalties against
length, record margin at target reach.
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Zoom in to top
of e

BLW Equations

For scrambled binary (PAM-2) codes, BLW is
gaussian and can be treated as noise:

sigma BLW = sgrt(z*f_Low/B)
where

B = linerate = Baud rate,

f _Low = high passfilter frequency if single zero

sigma_BLW = (one standard deviation of BLW) |

(half eye height before ISI)

So it’slike a signal-to-noise ratio.

(Extreme case) if sigma BLW > 1/Qmin = 1/7.0
=0.142, penalty for BER = 10"-12 isinfi

For sigma BLW = 0.025 (i.e. 1.25% of whole ey
f_Low/B = 0.0002 (for B = 10Gbit/s that's 2 MHZ}

i V/div
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Equations continued

sigma_BLW does NOT decrease in line with the eyein the face
of 1Sl (while RIN does) - but the eye closes anyway.

Hence penalty
P_BLW =-5l0g10[ 1 - (Qmin*sigma BLW/H_ISI)*2] dB
where H_1Sl isthe ratio of the eye height after and before |SI

e.g. for sigma BLW = 0.025, no I1SI, P_BLW =0.07 dB
for sigma_ BLW =0.025,3dB ISI, P_BLW = 0.29 dB

Compare this with the RIN penalty,

P_RIN =-51og10[ 1 - (Qmin*sigma_ RIN)"2 ] dB
And mode partition noise penalty,

P_MPN = -5l0g10[ 1 - (Qmin*sigma_MPN)"2] dB
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Combined penalty 1

P=-5logl0[1-{ (Qmin*sigma BLW/H_ISI)"2 +
(Qmin*sigma _RIN)"2 +
(Qmin*sigma MPN)"2 }1dB
which is not quite the same as
P BLW+P_RIN+P_MPN.

The differenceistiny in most healthy systems.

Eye closure caused by TP4 timing error/uncertainty is treated
like bandwidth-induced ISl - actual equations are in the
spreadsheet.
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Combined penalty 2

How bad IS| exacerbates BLW penalty (or vice
versa, or RIN and MPN penalties, or...)

Interaction of two penalties

Combined penalty

(dB)
Penalty B,
Penalty A,0to 1.5dB Oto15dB
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Example 1

Thisisthe greatest effect to any sheet of the current
Gigabit Ethernet spreadsheet (1250 Mbit/s)

Power penalties vs. distance

| —— Pisi
; I e pa
6 ' —+— Pmpn
/ Prin
s — | —x— Pcross
/
D | | —e— Per
L — Ptotal (old
. | AT (old)
e |
2 e ] Ptotal
1 _ ] — =Target
M
0 l —  ———X
3.50 3.70 3.90 4.10 4.30 4.50 4.70 4.90 5.10 5.30 5.50
L (km)
Differenceis 0.08 dB at worst case.
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Example 2 (fictitious
Almost no ISl, three equal terms (RIN, MPN, BLW
~0.75dB at 2 km) that are tied to signal strength.

Power penalties vs. distance +— Pisi
—=— Patt
5
s // /
4 ] —— Pmpn
3.5
3 / / _
o / Prin
D 25
2 / / —— Pcross (ex. hidden
1“:_) el = BLW penalty)
05 1 = "1 | BLW inc hidden
0 4 ‘ penalty
1.00 1.50 2.00 2.50 3.00,—P-C
L (km) Ptotal
nteraction of noise terms costs an extra~2 dB at 2km
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More detail on Baseline Wander
We think that if there are multiple low-passfilters:

In the non-limited case (small signal theory), the
appropriate f _Low isroughly the -3dB point that you
measure

If thereis BLW before and after a clipping (limiting)
function, much of the BLW from before may be clipped
out *** \Warning; we haven't proved this statement,
either by simulation or experiment.

Spreadsheet not designed as a transceiver design tool,
but if you have areceiver and consider changing the
BLW (by changing a coupling capacitor, say), if
you change box E9 (Budget) from e.g. “8” to “=8-
T11” (T11 being P_BLW) | think you will seethe
effect explicitly.

.. ‘AnillenlmTzfunulﬂnies Enhancements to Gigabit Ethernet Link |EEE 802.3ae Albuquerque
Lo e Budget Spreadsheet 6-10 March 2000  slide 16




Baseline Wander and line code
Graph shows power penalty for LF cut:

8B10B case, data from Petrich, Fibre Channel document
Scrambled case, calculated using formulae shown

Low frequency eye closure

~ 3 /
_coﬂ / —m— From Fibre Channel low freq
:2-5 / y pattern test Amplitude Penalty
T 2 A
S 15 / —e— Random, Amplitude Penalty
o —
° / 1 / 1S1=0 dB
=1 A
505 ./ —— Random, Amplitude Penalty
Elem et 15173 4B

0 T

0.0001 0.001 0.01

LF cutoff / Baud rate

Apparently, need 2x lower LF cut in scrambled to get
same penalty asfor 8B10B, if no ISI, 10x with 3dB ISl
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Conclusions

» Modified spreadsheet does more, no harder
to use

* Needs experimental verification
» Baseline Wander is a manageable item

» Keep LF cut low or your stressed eye will
suffer!

* Bewary of any signal-borne noise
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