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Problem statement

• Changing the eye measurement to a region of ts±0.05 UI resulted in 
significant degradation of EH/VEC

• As demonstrated in calvin_3ck_adhoc_01_063021, with instrument-grade 
transmitter with high-loss channel, closing the calibration loop is a challenge

• it may also be challenging to build/tune real transmitters to meet the current 
specification
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https://www.ieee802.org/3/ck/public/adhoc/jun30_21/calvin_3ck_adhoc_01_063021.pdf


Possible solutions

• Move the EH and VEC limits/targets to compensate for the degradation
• Comments #61, #68 propose moving from 12 dB / 15 mV to 13 dB/8.5 mV
• This can make the current signals (transmitters+channel combinations) pass, but 

open the door to fast-noisy ones (where the eye is closed due to noise/jitter)
• It takes the margin from the receiver (which would need to handle “rectangular eye”, 

unequalizable signals)
• Change the method to “a 10-cornered mask” (comment #106)

• The eye shape expected from a band-limited transmitter is indeed not rectangular
• However, the current methodology (120G.5.2) is not based on a mask – it’s unclear 

how this idea can be implemented
• The proposal in this presentation is similar to a “shaped mask” but based 

on the 120G.5.2 methodology
• It is also aligned with reasonable receiver behavior
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Current reference receiver effect
• The reference receiver includes CTLE and DFE

• Both are adjustable
• DFE is optimized based on the fitted pulse and 

maximizes the vertical opening at ts

• The eye metrics are then taken from samples 
collected at ts±0.05 UI with equal weight to all 
phases

• This matches a hypothetical receiver which opens 
the eye at ts, but then samples anywhere within 
ts±0.05 UI with equal probability

• But it is not a likely behavior of a real receiver (see next 
slide)

• The 3 eyes are more vertically closed as the 
distance from ts is increased (as shown) – so the 
1e-5 limit is governed by the outer phases, and the 
larger vertical opening at ts has little effect

• The 15 mV/12 dB specs at BER=1e-5 create the 
margin for real receivers (similar to the 3 dB COM)

• But 12 dB VEC is a small margin! 13 dB is even worse
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The signal above passes VEC – but high-loss TP1a eye fails

(Source: calvin_3ck_adhoc_01_063021 slides 3-4)

https://www.ieee802.org/3/ck/public/adhoc/jun30_21/calvin_3ck_adhoc_01_063021.pdf#page=3


Expected behavior of real receivers
• A real receiver has a CDR which selects a mean sampling phase (“ts”)– based on some criterion

• There is some distribution of the sampling phase around ts, but it is not uniform – Gaussian-like is more likely
• Ideally the equalization is selected to optimize the BER given ts and the distribution

• In practice – it may be sub-optimal for various reasons
• Non-ideality in equalization and phase selection can use the VEC/EH margin created by the reference receiver

• We can expect a receiver to spend more time near ts than away from it
• The infrequent samples that are away, will have less vertical margin and higher BER
• The aggregate BER is less affected by the “outer phases” than the “inner phases”
• Thus the current “equal weighted” reference receiver is too pessimistic

• This behavior can be emulated by per-phase weighting (conditional probability) of the sampled 
voltage in the reference receiver

• If a transmitter has a “diamond shaped eye” or similar (as in slide 5), its calculated VEC/EH will be improved by 
this weighting

• If the Tx eye shape is rectangular (governed by noise/jitter rather than ISI) it will not change the numbers
• Expected to help good real transmitters meet the EH and VEC requirements and enable reasonable stressed 

eye creation
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Illustration
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(tN, vN)(t1, v1)

Maximum w

𝑤𝑤 ≈ 0𝑤𝑤 ≈ 0

Assume the scope collects a set of samples (ti, vi) 
as illustrated on the right.

The red samples should be weighted down 
compared to the green samples.

The probability of seeing a voltage level V<Vth is 
the total probability created by
• the conditional probabilities of seeing V<Vth

at each phase (per-phase PDF),
• each weighted by the probability of being at 

that phase:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑣𝑣 < 𝑉𝑉𝑡𝑡𝑡 = �
𝑡𝑡𝑚𝑚𝑖𝑖𝑖𝑖

𝑡𝑡𝑚𝑚𝑎𝑎𝑎𝑎

𝑝𝑝𝑃𝑃𝑃𝑃𝑃𝑃 𝑣𝑣 < 𝑉𝑉𝑡𝑡𝑡 𝑡𝑡 ⋅ 𝑤𝑤 𝑡𝑡 𝑑𝑑𝑡𝑡

Where 𝑤𝑤(𝑡𝑡) is the probability of sampling at t 
(characteristic of the reference receiver).



What is the expected phase distribution?

• It is characteristic of a CDR in the Rx, not of the Tx
• It is not a representation of scope jitter (which is expected to be lower)
• We have not addressed Rx jitter explicitly in past specifications and the proposed 

distribution is not expected to become a specification. Its use for receiver design/testing 
is outside the scope of the standard.

• Proposed weighting function is a truncated Gaussian with a standard deviation of 0.015 
UI. Outside of the ±50 mUI window the weight is 0. This gives a minimum weight of 
~1.5e-3 at ±50 mUI away from ts.

• It does not mean the BER covered by the eye is 1.5e-3! The EH/VEC are still from the CDFs at 1e-5.
• Truncation to ts±50 mUI means the eye outside this region can be completely closed without 

penalizing the transmitter – it is the receiver’s responsibility not to sample outside of this region.
• We can consider expanding the region to ±75 mUI since a receiver’s CDR may visit these 

areas (with the associated low probability). The truncated ±75 UI tails have a probability 
of <1e-6.
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Proposed change
In 120G.5.2, change item o (to be renumbered to item h) as follows:
Compute Vmid, Vupp, Vlow, VCmid, VCupp, VClow from the eye diagram using 120E.4.2 steps 4) through 6) with the exception that 
the CDF of the signal voltage is accumulated over the time interval ts ± 0.05 UI calculated from voltage samples taken over the time 
interval ts ± 0.05 UI  and weighted by the function 𝑤𝑤 𝑡𝑡 defined by Equation (120G–4), instead of “within 0.025 UI of time TCmid”. 
For example, UPPCDF1 is calculated using Equation (120G–5).

Add equations 120G-4 and 120G-5 after the list:

𝑤𝑤 𝑡𝑡 =
1

2𝜋𝜋𝜎𝜎𝑟𝑟
𝑒𝑒−

1
2

𝑡𝑡−𝑡𝑡𝑠𝑠 ⋅𝑓𝑓𝑏𝑏
𝜎𝜎𝑟𝑟

2

, 𝑡𝑡 − 𝑡𝑡𝑠𝑠 ⋅ 𝑓𝑓𝑏𝑏 ≤ 0.05

0, 𝑡𝑡 − 𝑡𝑡𝑠𝑠 ⋅ 𝑓𝑓𝑏𝑏 > 0.05
(120G−4)

Where 𝜎𝜎𝑟𝑟 = 0.015.

UPPCDF1 𝑣𝑣 =
1

∑𝑖𝑖=1𝑁𝑁 𝑤𝑤 𝑡𝑡𝑖𝑖
�
𝑖𝑖=1

𝑁𝑁

�
𝑉𝑉𝐶𝐶𝑢𝑢𝑢𝑢𝑢𝑢

𝑣𝑣

𝛿𝛿 𝑢𝑢 − 𝑣𝑣𝑖𝑖 𝑤𝑤 𝑡𝑡𝑖𝑖 𝑑𝑑𝑢𝑢 (120G−5)

Where 𝑣𝑣𝑖𝑖 , 𝑡𝑡𝑖𝑖 𝑖𝑖=1
𝑁𝑁 is the set of samples corresponding to the topmost symbol.

NOTE—The other CDFs in 120E.4.2 are calculated similarly but with different sets of samples and integration limits.

Add the missing definition of fb=26.5625 GHz to Table 120G–11.
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Update: COM analysis

• Repeated analysis in ghiasi_3ck_01_0721 and added some Gaussian 
window options

• Only TP1a (host output)

• lim_3ck_adhoc_02_073119
• Channels 5a (2”, 5.9 dB) and 5d (9”, 14.7 dB)

• COM v3.20
• Same configuration as in slide 4 ⇒

• Including 12, 13, 30 mm Tx packages
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https://www.ieee802.org/3/ck/public/21_07/ghiasi_3ck_01_0721.pdf
http://www.ieee802.org/3/ck/public/tools/c2m/lim_3ck_adhoc_02_073119.zip


Results
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width

σ

width

σ

Window size (truncation of 
the Gaussian) has minor 

effect compared to σ

Results in black 
match slide 6 of 
ghiasi_01_0721

This short channel with 
bad reflection still fails 

VEC – as we want

To make this channel pass with 
multiple packages we need Gaussian 

weighting with σ of 15-20 mUI



Results in table form
EH

Average of EH Window T_O sigma
Rectangular Gaussian

50 50 75
Channel Tx zp N/A 15 15 20 25
Channel5a 12 33 42 43 39 34

13 14 21 20 18 16
30 20 28 28 25 22

Channel5d 12 13 17 17 16 14
13 8 13 13 11 9
30 9 13 13 12 10

VEC

Average of VEC Window T_O sigma
Rectangular Gaussian

50 50 75
Channel Tx zp N/A 15 15 20 25
Channel5a 12 9.5 7.4 7.3 8.1 9.2

13 16.5 13.2 13.5 14.3 15.5
30 11.8 9.4 9.3 10.1 11.1

Channel5d 12 10 7.6 8.1 8.9 10
13 14.4 10.9 10.7 12 13.5
30 11.9 9.1 9 10 11.4
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