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Goal
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❑ Explore the applicability of limiting skew to IEEE802.3dj standards
• Skew has been a recurrent question for IEEE802.3dj presentations

❑ Segue the skew issue into common mode specifications borrowing 
from IEEE802.3ck



Agenda
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❑ Common perception about skew

❑What do skew signal look like
•  In the context of differential signaling

❑Measuring skew

❑Measuring SCMR and VCMch for a channel 

❑ Skew, SCMR, and performance examples

❑ Summary and recommendations



At some level,
 skew may be viewed like a race
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But… let’s look a this a bit more 
technically



A simple way of looking at skew for 
differential signaling 

IEEE P802.3dj 200 Gb/s, 400 Gb/s, 800 Gb/s, and 1.6 Tb/s Ethernet Task Force 5

C o n s i d e r  d e l a y  b e t w e e n  a  s i g n a l  a n d  i t ’s  c o m p l e m e n t

1 2

3 4

𝑆𝑖𝑔𝑇𝑋

𝑆𝑖𝑔𝑇𝑋

𝑆𝑖𝑔𝑅𝑋→ n

𝑆𝑖𝑔𝑅𝑋 → p SKEW

(Complement of Sig)



Differential Step to Single Ended Step Responses
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The differential insertion loss response is 

represented with the following equation,

𝑠𝑑𝑑21 =
𝑠21 + 𝑠43 − (𝑠23 + 𝑠41

2
Where port 1 and 3 are inputs and 2 and 4 are 

outputs of a  4-port s parameter.

I N C L U D I N G  T H E  C O U P L I N G  A R E  O N E  WAY  T O  V I E W  S K E W

1 2

3 4

Assign differential to single ended responses 

sdds121 and sddse221 as follows:

sddse1 =
𝑠21−𝑠23

2
 and sddse2 =

𝑠43−𝑠41

2

such that 

𝑠𝑑𝑑21 = sddse1 +  sddse2

Equations are the same in the time or frequency 

domain
𝑆𝑅(𝑠𝑑𝑑21) = SR(sddse1) + SR(sddse2)

❑ Skew measurements for 
differential applications are 
measured between 

𝐬𝐝𝐝𝐬𝐞𝟏 and 𝐬𝐝𝐝𝐬𝐞𝟐 
and 

❑ NOT between s21 and s43

sddse1

sddse2

SR ~  step response

p

n



Graphical view of skew use n complement 
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S T E P  R E S P O N S E S  O F  6 0  M I L S  O F  L I G H T L Y  C O U P L E D  M E G 7  T R A N S M I S S I O N  L I N E

Threshold is % of 
full step V (REF)

𝑝 and it’s 
components

n 𝑐𝑜𝑚𝑝𝑙𝑒𝑚𝑒𝑡
𝑝

𝑛 and it’s 
components

Skew vs threshold



Skew can increase differential loss
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R E S U LT I N G  I N  A P U L S E  P E A K  R E D U C T I O N  A N D  S I G N A L  L O S S

Add delay to n →

PR  (Diff)

PR  (p)

PR  (n)

PR  (Diff)



Skew effects ISI as well
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C O N S T R U C T I V E  O R  D E S T R U C T I V E  …  I T  D E P E N D S  

❑ This skew causes pulse loss 
But … 

❑ There may also be reduction in ISI or an increase in SNR
• Or visa versa

Add delay to n →



SCMR has been specified in IEEE802.3ck
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S i g n a l  t o  c o m m o n  m o d e  r a t i o

2

4

𝑆𝑖𝑔𝑇𝑋→ n

𝑆𝑖𝑔𝑇𝑋 → p

Tx 
Device

Test 
Fixture

PRBS13Q p-n

p+n DER0

𝑆𝐶𝑀𝑅 = 20𝑙𝑜𝑔10
𝑉𝑝𝑒𝑎𝑘

𝑉𝐶𝑀𝐹𝐵

Pulse 
response

CDF

𝑉𝐶𝑀𝐹𝐵

𝑉𝑝𝑒𝑎𝑘Pattern averaged



Apply SCMR to a Channel
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Av e r a g i n g  c a n  h i g h l i g h t  s k e w

2

4

𝑆𝑖𝑔𝑇𝑋→ n

𝑆𝑖𝑔𝑇𝑋 → p

Tx 
Device

Test 
Fixture

PRBS13Q p-n

p+n DER0

𝑆𝐶𝑀𝑅𝑐ℎ𝑎𝑛𝑛𝑒𝑙 = 20𝑙𝑜𝑔10
𝑉𝑝𝑒𝑎𝑘

𝑉𝐶𝑀𝐻𝐹

Pulse 
response

CDF

𝑉𝐶𝑀𝐻𝐹 𝑜𝑟 𝑉𝐶𝑀𝑐ℎ 

𝑉𝑝𝑒𝑎𝑘Pattern averaged

Consider:
 A pattern averaged CM voltage

For a channel metric 
The CM CDF is extracted from the 

Scd21 pulse response

Pattern averaged



SCMR Procedure for a Channel
using pulse response from SCD21
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scd21 Pulse(f) hcd21(t)

Edge rate
filter

Diff to CM 

Receive
filter

IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force

sdd21 Pulse(f) hdd21(t)

Edge rate
filter

Diff 

Receive
filter

Voltage 
peak,
Vpeak

Sample 

UI Subsample set 1

UI Subsample set 2…
UI Subsample set M



Compute SCMRch
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UI Subsample set 1

UI Subsample set 2…
UI Subsample set M

Symbol Alphabet 

PDF

PDF

PDF

Worst 
variance

CDF

VCMch

V

DER0

P
ro

b
ab

ili
ty

CDF P

𝑆𝐶𝑀𝑅𝑐ℎ = 10 ∗ 𝑙𝑜𝑔10
Vpeak 

2

VCMch 
2

Determining  VCMch voltage in process similar to determine ERL



Shapes of skew responses are not all the same
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T H I S  I S  T H E  S H A P E  O F  A P O S T E D  T W I N A X I A L  M O D E L

Threshold is % of 
full step V (REF)

𝑛 𝑐𝑜𝑚𝑝𝑙𝑖𝑚𝑒𝑛𝑡

𝑝

Skew vs threshold

❑ The resultant delay is not as straight forward 
as simple delay

❑ Coupling can affect some skew

❑ Skew varies quite bit for different threshold 
choices



Use channel with skew for next slide
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E x a m p l e  o f  c h a n n e l  w i t h  s k e w :  k a r e t i _ 3 d j _ 0 2 _ 2 3 0 9

C a b l e d _ H o s t _ b a l l _ b a l l _ 11 d b



Skew is not a Communitive Property
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D e l a y  ( s k e w )  v s  C O M  S C M R H F  a n d  V C M H F

1 2

3 4

❑ A skew budgets can overestimate or underestimate 
the effect of channel with different skews (D)

𝜎𝑡𝑥_𝑝 = 𝑒𝑗2𝜋 Δ∗𝐹

𝜎𝑡𝑥_𝑝 = 𝑒𝑗2𝜋 Δ∗𝐹1 2

3 4



Summary and recommendations
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❑ Skew may be detrimental to performance

❑ The nature of skew varies from channel to channel

❑ Skew budgets may be overkill

❑ SCMRCH for channels may be useful analyzing skew impacts

❑ Future work is required to determine which skew problem we 
wish to solve 
• And to investigate subsequent unintended consequences



Thank You!
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