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There are numbers of ways to get device variations
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 Consider a COM like package which meets the Return Loss Mask,  
SNRISI , and the Vp/Vf ratio requirements.

Rd

Die
Side

Zp (mm)

TP0

Cd

Cd

Cp

Cp
Pkg_Zc (W) 110

Cp (nF) 2.1E-04

Rd (W) [45 45]

Cd (nF) 8.0E-05

Zp(mm) 30

“Cap Variation 1”
• Has less device capacitance 
• But more package capacitance



Return Loss for “Cap Variation 1” Passes
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“Cap Variation 1” for Table in  
dudek_062817_3cd_adhoc Shows More Variation
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Up to 1.2 dB COM change
compared to “original”

Delta

Cap Variation 

1

to

original

-0.55

-0.54

-1.20

-0.36

-0.28

-0.51

-0.82

-0.51

Cap 

Variation 1

Pkg_Zc (W) 110.00

Av/Afe (V) 0.394

Cp (nF) 2.1E-04

Rd (W) [45 45]

Cd (nF) 8.0E-05

2.99

3.48

3.19

2.77

2.42

3.60

3.20

4.42



The Proposed “Mod1”  Reduces the Variability
but Still Has up to 0.9 dB COM Change
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Cap 

Variation 1

Pkg_Zc (W) 110.00

Av/Afe (V) 0.394

Cp (nF) 2.1E-04

Rd (W) [45 45]

Cd (nF) 8.0E-05

2.99

3.48

3.19

2.77

2.42

3.60

3.20

4.42

Delta

Cap Variation 1

to

mod3 proposal

-0.52

-0.67

-0.89

-0.58

-0.23

-0.47

-0.72

-0.56



Proposal: Add a New Requirement for 
Effective Return Loss  (ERL)
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ERL is meaningful in the context of signaling architecture

ERL uses a time domain “echo” from a single pulse (symbol)
Pulse based Time Domain Reflectometry (PTDR)

ERL is computed from the pulse echo response  (PER) using methods 
similar to COM

Statistical noise convolution  (mellitz_3cd_02_060717_elect_adhoc)

Compensate ERL for transmitter using Vp/Vf ratio



ERL limits
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 Package criteria: adjust ERL so that “Cap Variation 1” is unfavorable

 Channel criteria: adjust so ERL channels with the most COM delta are 
unfavorable
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Set Tx ERL  > 5.5 dB (better than dudek_062817)
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ERL for COM package parameters and Zt
Cap Variation 1
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ERL

Set Rx ERL > 5.0 dB (better than dudek_062817)
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ERL for COM package parameters and Zt

Cap Variation 1



Channel
Mod 3 

COM

Delta 

Cap 

Var1 to 

mod3 ERL

mellitz_bs_02_0714 3.6 -0.55 7.81

mellitz_bs_03_0714 4.2 -0.54 6.88

mellitz_bs_04_0714 4.24 -1.20 4.64

mellitz_bs_05_0714 3.19 -0.36 7.24

mellitz_bs_06_0714 2.71 -0.28 7.4

mellitz_bs_07_0714 4.21 -0.51 6.6

mellitz_bs_08_0714 4.13 -0.82 5.69

shanbhag_01_0914 5.08 -0.51 14.5

Channel ERL seems to track COM deltas better than 
package ERL

12IEEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force

This is why

PCB and package interact at boundary.
PCB vias at the package to board connection 
have low  ERL



Suggestion 1: Add ERL 
Row to Table 120D-1

 Add note for the ERL row
• use a 18.9 ps (20%-80%) 

transition time and

• Use a 4th order Bessel-
Thomsen Filter with the 3 dB 
point at 0.75 fb

• 𝑍𝑡 ∈  
55
50
45

 ERLtx min > 5.5 dB

IEEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force 13



Suggestion 2: Add ERL 
Row to Table 120D-5

 Add note for the ERL row
• use a 18.9 ps (20%-80%) 

transition time and

• Use a 4th order Bessel-
Thomsen Filter with the 3 dB 
point at 0.75 fb

• 𝑍𝑡 ∈  
55
50
45

 ERL min > 4.6 dB Probability 

IEEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force 14



Suggestion 3: Add ERL to Channel Characteristics

15IEEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force

 ERL for the channel is greater 
than 5 dB.
• use a 18.9 ps (20%-80%) transition 

time and

• Use a 4th order Bessel-Thomsen 
Filter with the 3 dB point at 0.75 fb

• 𝑍𝑡 ∈  
55
50
45



ERL Annex or Section: 
Basic Concept, pulse TDR (PTDR)

IEEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force 16

𝑍𝑡 test fixture testTP0a
DUT

𝑍𝑡 ∈  

𝑍0𝑚𝑎𝑥

𝑍0𝑚𝑖𝑑

𝑍0𝑚𝑖𝑛

Measurement Point

ERL Transition time, ETr

PTDR measurements are in terms of rho (r)
PTDR may be computed from s-parameter responses 



Determine PTDR response for each Zt
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Circles are samples



Determine effective reflection coefficient for 
each sample in a unit interval 
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S(n,m) where m = 1 to numbers samples per UI, M
and n = 1 to number of UI’s in response , N

Note: MxN is the number samples response



Compute a Probability Density Function (PDF) and Cumulative 
Distribution Function (CDF) for the ERL Response
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 Referring to equation 93A-39 and 93A-
40
• Commute PDF pn(y) where h(n) is replaced 

which S(n,m)  for each m
• And pn(y) is indexed by pn,m(y)

 Determine the CDF (cumulative 
distribution function) for each pn,m(y)

• This a set of CDF’s of the reflection 
coefficients. 

 Choose the worst ERL for all m by
• Determining the value of P(n,m) where the 

CDF just equals DER0
• This value converted to dB is the ERL

 The sample which has the most ERL is 
chosen for each Zt

 The reported ERL is the one with most 
ERL for all the Zt values



Illustration of CDF for “Cap Variation 1” with Zt=55W
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Package Loss Compensation for Transmitter
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 ERL is adjusted by removing the insertion loss contributor

 ERLtx= ERL- 20*LOG10(0.736/(Vp/Vf))*2



ERL Benefit
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 Quantify what might really matter for packages and channels

 Remove disadvantage of short transmitter package return loss

 Improve suitability of devices and reduce required margin left on the 
table for COM



Recommendations
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 To minimize impact of from comments r02-55 to 58
• Add an ERLtx row to Table 120D-1 where the min entry is 6.0 dB
• Add an ERLrx row to Table 120D-5 where the min entry is 5.5 dB
• Add an ERL requirement for channels > 5 dB
• Add an Annex or subsection describing the measurement of ERL
• Consider ERL for the RITT channels (r0-25)

 Keep COM limits the same for RITT and channel compliance

Or

 Only add line to 120D.4 for channel COM 
• If ERL of channel is less than 5.0 dB then sweeping package parameters is recommended.

Or

 Keep status quo: Do not change draft 3.2 for to accommodate COM computation  
variability 
• Addressing variability is really complicated at this point in the project

 Defer exploration of  ERL and COM variability to .3cd and future standards


