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Introduction

 In leyba_3dj_optx_01a_230629, 

TDECQ measurements at high 

SER were made.

 A “strange” behavior was found, 

as shown on the right.
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Questions raised in leyba_3dj_optx_01a_230629
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TDECQ Introduction (1)

Reference: https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf
Other references: [1] G. Le Cheminant, K. Zhang, V. Houtsma, E. Harstead, and X. Liu, “TDEC (transmitter and dispersion eye closure) 

method for equalizer-enabled 50G-PON”, Contribution D37, Q2/15 Interim Meeting, Xi’an, China, April 2019.
[2] X. Liu, “Optical Communications in the 5G Era”, Academic Press, 2021.

https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf
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Ref.: https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf

TDECQ Introduction (2)

https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf
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Ref.: https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf

TDECQ Introduction (3)

https://standards.incits.org/apps/group_public/download.php/86818/T11-2017-00102-v000.pdf
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 TDECQ measurement is based on two histograms at 0.45UI and 0.55UI (according to IEEE 802.3bs):

 The TDECQ is calculated based on the histogram that gives the higher SER (in order to be conservative):

TDECQ Introduction (4)
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Our simulation results (1): SiP (MZM) Transmitters
𝑣pp = 0.3𝑣𝜋𝑣pp = 0.15𝑣𝜋

𝑣pp = 0.6𝑣𝜋𝑣pp = 0.45𝑣𝜋
OMAouter= 7.2 dBmOMAouter= 6.82 dBm

OMAouter=3.44 dBm OMAouter= 5.94 dBm

 At high drive voltage (to 

achieve high OMA), 

SiP-based MZM suffers 

from nonlinear distortion 

of the MZM transfer 

function.
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Our simulation results (2): Received eyes after EQ at OMAouter=3.5dBm

𝑣pp = 0.15𝑣𝜋 𝑣pp = 0.3𝑣𝜋

𝑣pp = 0.6𝑣𝜋𝑣pp = 0.45𝑣𝜋

EML  SiP (MZM)

 EML has a moderate overshoot (~12%) 

and some rare ISI instances, which 

cause a higher error floor and degrade 

TDECQ more at low SER. 
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Our simulation results (3): EQ-induced noise enhancement

Ceq EML= 0.972 (-0.12 dB)

Ceq SiP   = 1.109 (0.45 dB)

FFE

FFT size=65536 (length of SSPRQ)

53.125/2 GHz

5-tap T-spaced
FFE

5 tap T-spaced FFE

SiP (MZM)EML  
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Our simulation results (4): Received eyes after EQ at OMAouter=-8.6dBm

 At low SER, SiP (MZM) performs better.

SER=0.00037 SER=0.00046

SiP (MZM) EML  
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Our simulation results (5): Received eyes after EQ at OMAouter=-10.6dBm

 At high SER, SiP (MZM) suffers more due to EQ-induced noise enhancement. 

SER=0.0097 SER=0.0068

SiP (MZM) EML  
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Our simulation results (6): TDECQ vs. direct-error-counting

106.25Gb/s PAM-4
(53.125 GBd)

 At high SER, TDECQ penalty still represents the receiver sensitivity penalty observed. 

 A “worse” transmitter at low SER can become a “better” transmitter at high SER.

 The physical reason is because of different nonlinear distortion, ISI, and EQ-induced noise 

enhancement behaviors of these two types of transmitters. 
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Our simulation results (7): TDECQ at different SER

MZM 𝑽𝐩𝐩 = 𝟎. 𝟒𝟓𝑽𝝅 MZM 𝑽𝐩𝐩 = 𝟎. 𝟓𝟎𝑽𝝅 EML

𝐎𝐌𝐀𝐨𝐮𝐭𝐞𝐫 (dBm) 6.82 6.98 6.80

𝐓𝐃𝐄𝐂𝐐@𝟒. 𝟖 × 𝟏𝟎−𝟒 (dB) 2.49 2.99 3.69

𝐓𝐃𝐄𝐂𝐐@𝟏 × 𝟏𝟎−𝟐 (dB) 1.17 1.36 0.96

𝐎𝐌𝐀𝐨𝐮𝐭𝐞𝐫 − 𝐓𝐃𝐄𝐂𝐐@𝟒. 𝟖 × 𝟏𝟎−𝟒 4.33 3.99 3.11

𝐎𝐌𝐀𝐨𝐮𝐭𝐞𝐫 − 𝐓𝐃𝐄𝐂𝐐@𝟏 × 𝟏𝟎−𝟐 5.65 5.62 5.84

 At high SER, TDECQ penalty still represents the receiver sensitivity penalty observed. 

 A “worse” transmitter at low SER can become a “better” transmitter at high SER.

 The physical reason is because of different nonlinear distortion, ISI, and EQ-induced noise 

enhancement behaviors of these two types of transmitters. 

Note:  Based on common practices in our industry, MZM is driven at ~𝟎. 𝟒𝟓𝑽𝝅, without overshooting, 
while EML is driven with a moderate overshooting (of up to 22%).
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Discussion & Conclusion

1) Key question: Does this convergence represent behavior in real systems? >> Yes.
• Does the TDECQ penalty represent the receiver sensitivity penalty observed at 

a high SER? >> Yes.
• Would two transmitters that have different TDECQ at low SER, but similar 

TDECQ at high SER yield similar receiver sensitivities observed at the high SER? 
>> Yes, and could even be reversed (in performance comparison).

2) This is early work and requires further analysis and physical verification
>> Based on our analysis, some physical explanations have been provided. 

Thank you!

We have shown that the dependence of TDECQ on symbol error rate (SER) is different for

different optical transmitter types, and a “worse” transmitter at low SER can become a

“better” transmitter at high SER. Some physical explanations are also provided. Overall,
TDECQ is expected to continue to be a viable performance metric for PAM4 at high SER.


