' Approaching
k Shannon’s Limit

TDFOM normalization
factor and corrigendum
draft proposal

Luisma Torres
IEEE Std 802.3-2022/Cor 2 (IEEE 802.3dr) TF Meeting
Madrid, Spain
July 28th 2025

www.kd.tech 1



TDFOM motivation: The non-linear ISl issue
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TDFOM calculation

u | Waveform | x DC unbias y Gainnorm | , Sampler
O/E | Osc. svoragng 1 a=E[x] [| B=max() | H,(f) o+ H,(f) " H,(f) e
~ to equalizer
u y=x—o z=y/pB 5 :
Butterworth 1st order 1st order (0
BT4 BW.3s = 16.4 GHz 2nd order BWazdg = f3 BW3aB = f4
Model OMS3 fiber Digital equalizer BWads = f2 _\f_J Timing
response (MMSE-DFE with ideal feedback) Model of TIA Model of ' recovery
odel o
at 980nm, 40m response antialias filter
R ) A) . ADC model and timing
> G(Z) > > recovery
noiseless Symbols after EQ processing
2 T T o T T T
pilot / reference : ’ zlﬂiﬁénm
1.5 @ T
p Pilot
1- B(2)
fan ‘ Dow 0 1 BER =0.00017
N, 1 G(2) N
noisy
M, | WGN - -
G(z) B(z)
(0]
i
g MMSE
Calculation
www.kd.tech




TDFOM normalization

* TDFOM implies optimization of not only F(z) and B(z), but also sampler delay ¢ and F(z) delay per 166.6.4.8.2

Additionally, the selected sampler delay ¢ and F(z) delay are optimized for minimum BER after
equalization, calculated as specified 1n 166.6.4.8.4, at each value of o,

* But first implementations of the algorithm had a fixed ¢ and F(z) delay

* TDFOM, is defined to obtain TDFOM = O dB when measuring a transmitter generating a perfect squared signal (“perfect
transmitter”)

166.6.4.8.6 TDFOM calculation

TDFOM 1s calculated as specified in Equation (166—16), where M, Q. and TDFOM, depend on the
BASE-AU under test as specitied in Table 166-16.

OMA;, ) — TDFOM, (dB) (166—16)

TDFOM = l{llﬂgm[}{M_lm 5
= nE-(

* But first implementations of the algorithm had a fixed ¢ and F(z) delay. Existing TDFOM, values in current IEEE Std
802.3 are based on this assumption
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Proposal of Corrigendum to IEEE Std 802.3: TDFOM normalization

* Current values without optimization of sampler delay ¢

Table 166-16— BASE-AU TDFOM parameters

< 2 = = =
i cl - - 7
Parameter = % Z Z b’ Units
X @ = & z
M 2 4 —
Oy 3.57417 3.49817 —
TDFOM 3.59 3.61 3.63 3.92 2.83 dB

2 Consistent with BER. = 1.757 x
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* Proposed values with optimization of sampler delay ¢

Table 166-16— BASE-AU TDFOM parameters

< 2 = = =
- n - v =
Parameter = bt Z Z s Units
o 7 = i 7.
M 2 4 —
Oy s 3.49817 —
IDFOM, 3.72 3.74 3.77 3.90 2.83 dB

2 Consistent with BER. = 1.757 x
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TDFOM examples for 25 Gb/s
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TDFOM = 1.2 dB (will produce worse sensitivity)
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e (Note: the OMA has been normalised in these examples for comparison)
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