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Abstract

Current common-mode frequency domain masks do not accurately
reflect their true impact on link performance. This work introduces a

modal signal flow graph framework that directly relates common-mode
behavior to system-level metrics.

By using Modal Effective Return Loss (ERL) as the specification, this
method provides a simple, measurable, and performance-driven
replacement for frequency-domain masks
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Introduction

Q Utilizing the principles of signal flow in COM, this presentation
explores a comprehensive understanding of modal channel signal
flow.

QA Topics covered include basic flow diagrams, load node reduction, and
the application of signal flow loops within the modal signal flow
graph.
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Mason’s Rulel'll2] for Transfer function

output z’,;’zl A Gy

QT = -
input A
* G,: Gain of the k' forward path of N paths.
e A: Determinant of the graph
 A,: Determinant with loops touching the k" path removed.

QA=1 _ZLL' +2LLL] _ZLiLij + -
e L;:Loop gain of each individual loop.
* LiLj, L;Lj, ... LiL;Ly: Product of gains of non-touching loops.
* Higher-order terms include products of three or more non-touching loops
Q Step by Step Application of Mason’s Rule
Identify all N forward paths and compute their gains G,.
Identify all loops and compute their gains (L;)
Find all combinations of non-touching loops in (A))
Compute A, for each forward path the compute for k loops not on path k
Plug into the formula to get the overall transfer function.

[1] S. J. Mason, “Power gain in feedback amplifiers,” IRE Transactions on Circuit Theory, vol. CT-1, no. 2, pp. 20-25, Jun. 1954
[2]S. ). Mason, “Feedback theory—Further properties of signal flow graphs,” Proc. IRE, vol. 44, no. 7, pp. 920-926, Jul. 1956. doi: 10.1109/JRPROC.1956.275147
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Simple flow graphs

A few simple concepts

input
output = T input

n
»
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Basic flow diagram for differential-to-
differential voltage transmission

2 port s-parameter

Explanation on
next slide

1—‘ddL

"i Var |
(1 + Taar) VZa

Example
bl =s11 *al
sll=bl/al | a2=0

a’s are forward waves
b’s are reverse waves
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Cascade of 2 port s-parameters using
signal flow graph

Cascade by alternating the flipping of the s-parameter diagram

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



Consider Numerical Assessment using
Assignment of Values for the Gammas (I')

From specified Tx and Rx return loss

«— —
Tx Card D[lSJ]T Rx card
(I') Return loss (I') Return loss
specifications specifications

Q It is useful to use a number (ERL) for an estimation of modal I's
—ERLpode

4 Fmode =10 20

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



Termination Node Reduction

Channel Load Collapsed
DUT Reflection Model
1
"\ bar
1ﬂddL
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2 Port example for T or Voltage .- 2 A

input A

Transfer Function (VTF) r o Gy

Vds
1_‘ddL
"V
(1 + Tgar) VZg4 ar

d Loop Gains L;: d Non-Touching Loop

o L,=lyyssddy, Combinations L;:

* Ly=lyq-5dd,, * LyL,=lyg M ggs-sddy;5ddy,

* Ly=lyq Mggs-sddy,sddy, d Forward Path Gain

This is what is used in COM and differential to differential simulations
VTF = T = sdd21 * (1 — Ty ) * (Tyqy + 1)

1 —T 45 *sdd11 —T4; * sdd22 — Ty4; * Tggs * sdd12 * sdd21 + Tgyp * Tggs * sdd11 * sdd22
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Complete Modal Flow Graph
for a 4-port S-parameter

output  Yy_q MGy

input A
Vas
Sdd21 Sdd12
(12 Var
Sdor1 (1 +Tgar) VZa
Sdc12 Sd@ Q
S @ Scd22
VCS cd12 Scd21
SCC12 Scc21
By,
28 gains (1 +Teer) VZa/4 ¢

Details follow
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output YN ALGy

Nodes and Gains mput A

From To # Gain Gain
adl V.ds 1 (1-Tys )/VZ, Vdl bd2 15 (1 +T )\ Za
acl V.S 2 (1-T.. )/VNZ, ad2  bd2 16 |
bcl adl 3 Scd11 a2 bd2 17 Foar
bdl adl 4 Sdd11 bdl ad2 18 Sdd12
bc2 adl 5 Scd21 bcl ad2 19 Scd12
bd2 adl 6 Sdd21 bd2  ad2 20 Sdd22
adl bdl 7 [ 445 bc2  ad2 21 Scd22
acl bdl 8 ['cdS bd2  ac2 29 Sdc22
adl bcl 9 I_dCS bd1 ac2 23 Sdc21
acl bcl 10 [ bcl  ac? 24 Sccl12
bdl acl 11 Sdcl1 bc2 ac2 25 Scc22
bcl acl 12 Sccll ac2 bc2 26 Fch
bd2 acl 13 Sdc21 ad2  bc2 27 |
bc2 acl 14 Sce2l Ve b2 28 (1 +T.)Z
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output Y ALGy

Forward Path Gains e
G,.is in the VTF in COM

# Forward Path Gain

1 [..c* scdll = sdc21 * (I'yq; + 1) * (1 —Ty45)

2 [..; *I'cS *scc21 * scd11 * sdc22 * (Tgq; + 1) * (1 —Ty45 )
3 Uy * Tpps * scc21 * scd11 * sdd22 x (Tgg; + 1) * (1 — Thgs )
4 [.g¢ *sdc21 x sdd11 x (T;q; + 1) * (1 — [y45)

5 [..; *ge * scc21 * sdc22 * sdd11 x (Tgg; + 1) * (1 —Th4¢)
6 Ly * Togs * scc21 * sdd11 * sdd22 * (Tgg; + 1) * (1 —Th45)
7 [..; *xscd21 * sdc22 * (Tzq; + 1) * (1 —Ty46)

8 [..; * [.gs* scd21 * sdc21? x (Tyq; + 1) * (1 — Tygs)

9 [..; *[.co*sccl2 xscd21 * sdc21 *x (Tyy; + 1) * (1 —Ty46)
10 I"_dcL *T'_cdS * scd21 * sdc21 * sdd12 * (I'yg; + 1) * (1 —T'_ddS)
11 [y * Toes ¥ scd12 * scd21 x sdc21 « (Tyq; + 1) * (1 —Ty49)
12 Ly *scd21 xsdd22 x (Tygp + 1) * (1 — Tygs)

13 sdd21 x (Tyg; + 1) * (1 —Ty49)
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output  Yi_1 MGy

Forward Path Gains, G,, and 4, ™= ¢

# Forward Path Gain Ay, Az, 0, Ay ,Ag ,Ag, A1 , A1

=1
1 [..c* scdll *sdc21 * (Tyq; + 1) * (1 —Th45) = A
1= 85
2 FCCL *x ['cS * scc21 * scd11 = sdc22 * (FddL + 1) * (1 — FddS ) -1 — chL scd?2?2 — Fch scc2?
3 [y * Toes ¥ scc21 * scd11 * sdd22 « (Tyq; + 1) * (1 —Ty4s) A, = A,
4 [ogs * sdc21 x sdd11 * (Iyg, + 1) * (1 — Tggs) =1 —T,.455dcll —T,.ssccll
5 [..; *ge * scc21 * sdc22 * sdd11 x (Tgg; + 1) * (1 —Ty4¢) Aq3
6 Uger * Uegs * scc21 x sdd11 * sdd22 * (Tzq;, + 1) * (1 — Tyg9) = Tecr Tees sccll scc22
_ — [y scc22 — Ty scd22

7 [oop ¥ scd21 x sdc22 x (Tgq;, + 1) * (1 — Tygs) —T.yesdcl] — o scell
8 Ceor * Togs * scd21 * sdc21? * (g + 1) * (1 = Ty4q) — T sccl2 scc21
9 [..; * oo xsccl2 * scd21 * sdc21 * (T, + 1) * (1 —Tyg6) + Lacrlees scell scd22
10 T.dcL *T_cdS = scd21 * sdc21 * sdd12 = (Tyq, + 1) * (1 — [ ddS) ~ laerTeessce21 scdl2

- - . - + T, Togs Scc22 sdcll
11 Lacr * Tees ¥ scd12 * scd21 * sdc21 * (Tggy, + 1) * (1 — Tg6) — Loerlogs scc21 sdc21
12 [, *scd21 * sdd22 * (Tyg; + 1) * (1 —Tyge) — Lacilcas SCC? SdCClllZ
12 sdd21 * (Tqgy + 1) * (1 = Tyge) + TgcrlcasS scd22 sdell + 1
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_ output YN AkGy

Delta (A), 84 loops —

A A=1-negative terms + positive terms
d Many terms are greater than 4t order.
a Many terms may be considered insignificant
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Negative terms 4t order or less

[_ccl scc22

[ dcS scdll

[ _dcL scd22

[ _cdS sdcll

[ _cdL sdc22

[_ddS sdd1l

[_ddL sdd22

[ ccSsccll

[ cdLT_cdS sdc21

[ ccL T _ccSsccll scc22

[ ccL T _ccSsccl2 scc2l

[ ccL T _dcSsccl2 scd21
I dcL T _ccS scc21 scd12
I dcL T _dcS scd12 scd21
I cdL T _ccSsccl2 sdc21

[ ccL I _cdS scc21 sdc21
[ ccST_ddS scdll sdcll
[ cdST _dcSsccll sddll
[ cdL T _dcSsccl2 sdd21
[ dcL T _cdS scc21 sdd12
[ ddLT_ccS scd12 sdc21
[ ccLT_ddL scd22 sdc22
[ cdL Tl _dcl scc22 sdd22
[ ccLT_ddS scd21 sdc21
[ dcL T _ddS scd21 sdd12
[ ddL T _dcSscd12 sdd21
[ ddL T _cdS sdc21 sdd12
[ cdL T _ddS sdc21 sdd21
[ ddLTl_ddS sdd12 sdd21
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Negative terms 5" to 6t order

I cdLT_ccST_ddS scdll sdc21

I ccL T _ddL T _cdS scd22 sdc21

I ccL T _ccST_ddS sccll scc22 sdd1l
I ccL T _ccST_ddS sccl2 scd21 sdcll
I ccLT_cdST_dcSsccl2 scc21 sdd1l
I ccLT_cdST_dcSscc22 scd1l sdcll
I ccLT_ddL T _ccSsccll scc22 sdd22
I ccL T _ddL T _ccSsccl2 scd22 sdc21
I ccL T _ddL T _ccSscc2l scd12 sdc22
I cdL T _dcL T _ccSsccll scd22 sdc22
I cdL T _dcL T _ccSsccl2 scc2l sdd22
I cdL T _dcL T _ccSscc22 scd12 sdc21
I ccLT_ccST_ddS scc2l scd1l sdc21
I ccLT _cdST_dcSsccll scd21 sdc21
I dcLT_ccST_ddS sccll scd22 sdd11
I dcLT_ccST_ddS scc2l scd1ll sdd12
I dcL T _ccST_ddS scd12 scd21 sdcll
I dcL T _cdST_dcS sccll scd21 sdd12
I dcL T _cdST_dcS scc2l scd12 sdd11
I dcL T _cdST_dcSscdll scd22 sdcll

I ccLT_ddL T _dcSsccl2 scd22 sdd21
I ccLT_ddL T _dcS scc22 scd1ll sdd22
I ccL T _ddL T _dcS scd12 scd21 sdc22
I cdL T _dcL T _dcS sccl2 scd21 sdd22
I cdLT _dcL T _dcSscc22 scd12 sdd21
I cdLT _dcL T _dcSscd1l scd22 sdc22
I cdL T _ccST_ddS sccll sdc22 sdd11
I cdL T _ccST_ddSsccl2 sdcll sdd21
I cdL T _cdST_dcSsccl2 sdc21 sdd11
I cdL T _cdST_dcSscdll sdcll sdc22
I ccLT_ddL T _cdS scc21 sdc22 sdd12
I ccLT_ddL T _cdS scc22 sdcll sdd22
I cdLT dcL T _cdS scc22 sdc21 sdd12
I cdL T _dcL T _cdS scd22 sdcll sdc22
I cdLT_cdST_dcS sccll sdc21 sdd21
I cdL T _dcLT_cdS scc21 sdc21 sdd22
I ddL T _ccST_ddS sccll sdd11 sdd22
I ddL T _ccST_ddS scd11 sdc21 sdd12
I ddL T _ccST_ddS scd12 sdcll sdd21
I ddLT_cdST_dcSsccll sdd12 sdd21

I ddL T _cdST_dcS scd1l sdcll sdd22
I ddLT_cdST_dcS scd12 sdc21 sdd11
I ccLT_ddL T _ddS scc22 sdd11 sdd22
I ccLT_ddL T _ddS scd21 sdc22 sdd12
I cdL T _dcL T _ddS scc22 sdd12 sdd21
I cdL T _dcL T _ddS scd22 sdc22 sdd11
I ccLT_ddL T _ddS scd22 sdc21 sdd21
I cdL T _dcL T _ddS scd21 sdc21 sdd22
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Negative terms 7t order or more

ccLT_ddL T _ccST_ddS scd1l scd22
sdc21

I ccLT_ddL T _cdST dcSscdl12 scd21
sdc21

I cdL T _dcL T _ccST_ddS scd12 scd21
sdc21

I cdLT _dcL T _cdST _dcSscdll scd22
sdc21

I ccLT_ddL T _ccST_ddS sccll scc22
sdd12 sdd21

I ccLT ddL T _ccST_ddS sccll scd22
sdc22 sdd11

I ccLT_ddL T _ccST_ddS sccl2 scc21
sdd11 sdd22

I ccLT_ddL T _ccST_ddS sccl2 scd21
sdc21 sdd12

I ccLT ddL T _ccST_ddS sccl2 scd22
sdcl11 sdd21

I ccLT_ddL T ccST_ddS scc21 scdll
sdc22 sdd12

I ccLT_ddL T ccST_ddS scc22 scdll
sdcl1 sdd22

I ccLT_ddL T _ccST_ddS scc22 scd12
sdc21 sdd11

I ccLT ddL T ccST_ddS scd12 scd21
sdcl1 sdc22

I ccLT_ddL T _cdST _dcSsccll scc22
sdd11 sdd22

I ccLT_ddL T _cdST _dcSsccll scd21
sdc22 sdd12

I ccLT ddL T _cdST_dcS sccl2 scc2l
sdd12 sdd21

I ccLT_ddL T _cdST dcSsccl2 scd21
sdc11 sdd22

I ccLT_ddL T _cdST _dcSsccl2 scd22
sdc21 sdd11

I ccLT ddL T _cdST_dcS scc21 scd12
sdc22 sdd11

I ccLT_ddL T _cdST dcSscc22 scdll
sdc21 sdd12

I ccLT_ddL T _cdST dcSscc22 scd12
sdcl11 sdd21

I ccLT ddL T _cdST_dcS scd1l scd22
sdcl11 sdc22

I cdLT dcL T _ccST_ddS sccll scc22
sd’dll sdd22

I cdLT dcL T _ccST_ddS sccll scd21
sd'c22 sdd12

I cdLT dcL T _ccST_ddS sccl2 scc2l
sdd12 sdd21

I cdLT dcL T _ccST_ddS sccl2 scd21
sd’cll sdd22

I cdLT dcL T _ccST_ddS sccl2 scd22
sd'ch sdd11

I cdLT dcL T _ccST_ddS scc21 scd12
sdc22 sdd11

I cdL T _dcL T _ccST_ddS scc22 scdll
sdc21 sdd12

I cdLT dcL T _ccST_ddS scc22 scd12
sdc11 sdd21

I cdLT dcL T _ccST_ddS scd11 scd22
sdc11 sdc22

I cdL T dcL T _cdST_dcS sccll scc22
sdd12 sdd21

I cdLT dcL T _cdST dcSsccll scd22
sdc22 sdd11

I cdLT dcL T cdST dcSsccl2 scc2l
sdd11 sdd22

I cdL T dcL T _cdST _dcSsccl2 scd21
sdc21 sdd12

I cdLT dcL T cdST dcSsccl2 scd22
sdcll sdd21

I cdLT dcL T cdST dcSscc21 scdll
sdc22 sdd12

I cdLT dcL T _cdST _dcSscc22 scdll
sdc11 sdd22

I cdLT dcL T cdST dcSscc22 scd12
sdc21 sdd11
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Y h=1 Ak Gy

T = - =
input

I cdLT dcL T _cdST _dcS scd12 scd21
sd'cll sdc22

I ccLT_ddL T _ccST_ddS sccll scd21
sdc21 sdd22

I ccL T _ddL T _ccST_ddS scc21 scd12
sdc21 sdd21

I ccLT_ddL T _cdST _dcSsccll scd22
sdc21 sdd21

I ccLT_ddL T _cdST _dcSscc21 scdll
sdc21 sdd22

I cdL T _dcL T _ccST_ddS sccll scd22
sdc21 sdd21

I cdLT dcL T _ccST_ddS scc21 scdll
sdc21 sdd22

I cdLT dcL T _cdST dcSsccll scd21
sdc21 sdd22

I cdL T dcL T _cdST_dcS scc21 scd12
sdc21 sdd21

A=1-negative terms + positive terms

A



output Y ALGy

Positive terms 4t order e
[ ccL T dcSscc22 scdll [ dcL T _ddS scd22 sdd11

[ dcL T _dcSscdll scd22 [ cdLl _cdSsdcll sdc2?2

[ ccL T _cdSscc22 sdcll [ ddL T _ddS sdd11 sdd22

[ ccST ddSsccll sddil
[ cdST _dcSscdll sdcll
[ cdL T _dcSscdll sdc22
[ dcL T _cdSscd22 sdcll
[ ccL T _ddL scc22 sdd22
[ cdLl dclL scd22 sdc22
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output YN AkGy

input A

Positive terms 6" order or more

I_ccLT_ccST_ddS sccl2 scc21sdd1l
I_ccLT_ccST_ddS scc22 scd11 sdcll
I_ccLT_cdST_dcS sccl2scd21 sdcll
I_ccLT_ddL I_ccSsccll scd22 sdc22
I ccLT_ddL T _ccSscc22 scd12 sdc21
I cdLT_dcLT_ccSsccl2 scd22 sdc21
I_ccLT_ccST_ddS sccllscd21 sdc21
I_ccLT_cdST_dcS scc21scd1l sdc21
I_dcLT_ccST_ddS scc21 scd12 sdd11
I dcLT_cdST_dcSsccll scd22 sdd11
I_dcLT_cdST_dcS scd12 scd21 sdcll
I_ccLT_ddL I_dcS scc22 scd12 sdd21
I_cdLT_dcL _dcS sccl2 scd22 sdd21
I_cdLT_dcL I_dcS scd12 scd21 sdc22
I_cdLT_ccST_ddS sccl2 sdc21 sdd11
I_ccLT_ddL I_cdS scc22 sdc21 sdd12
I cdLT_ccST_ddS sccll sdc21 sdd21
I_ccLT_ddL I_cdS scc21 sdc21 sdd22
I_ddLl_ccST_ddS sccll sdd12 sdd21
I_ddLT_ccST_ddS scd12 sdc21 sdd11
I_ddLT_cdST_dcS scd11 sdc21 sdd12

[_ccLT_ddLT_ddS scc22 sdd12 sdd21
[_ccLT_ddL I_ddS scd22 sdc22 sdd11
I_cdLT_dcL I_ddS scd21 sdc22 sdd12
[_ccLT_ddL I_ddS scd21 sdc21 sdd22
[_cdLT_dcLT_ddS scd22 sdc21 sdd21
[_ccLT_ddL T _ccST_ddS scd12 scd21 sdc21
[_cdLT_dcL T _ccST_ddS scd1l scd22 sdc21
[_cdLT_dcL T_cdST_dcS scd12 scd21 sdc21
[_ccLT_ddLT_ccST_ddS sccll scd21 sdc22 sdd12
[_ccLT_ddLT_ccST_ddS sccl2 scc21 sdd12 sdd21
I_ccLT_ddLT_ccST_ddS sccl2 scd22 sdc21 sdd1l
I_ccLT_ddLT_ccST_ddS scc21 scd12 sdc22 sdd1l
I_ccLT_ddLT_ccST_ddS scc22 scd1l1 sdc21 sdd12
[_ccLT_ddLT_ccST_ddS scd11 scd22 sdcll sdc22
[_ccLT_ddLT_cdST_dcS sccll scc22 sdd12 sdd21
[_ccLT_ddLT_cdST_dcS sccll scd22 sdc22 sdd11
I_ccLT_ddLT_cdST_dcS sccl2 scd21 sdc21 sdd12
I_ccLT_ddLT_cdST_dcS scc21 scd1l sdc22 sdd12
I_ccLT_ddLT_cdST_dcS scc22 scd12 sdc21 sdd1l
[_ccLT_ddLT_cdST_dcS scd12 scd21 sdcll sdc22

[_cdLT_dcLT_ccST_ddS sccllscc22 sdd12 sdd21

[_cdLT_dcL T _ccST_ddS sccl12 scc21 sdd11 sdd22
[_cdLT_dcLT_ceST_ddS sccl2 scd21 sdc21 sdd12
[_cdLT_dcLT_ceST_ddS scc21scd1l sdc22 sdd12
[_cdLT_dcL T_ccST_ddS scc22 scd1l sdcll sdd22
[ cdLT_dcL T _ccST_ddS scc22 scd12 sdc21 sdd11
[ cdLT_dcL T _ccST_ddS scd12 scd21 sdcll sdc22
[ cdLT_dcL T _cdST_dcS sccll scd21 sdc22 sdd12
[ _cdLT_dcLT_cdST_dcS sccl2 scc21 sdd12 sdd21
[_cdLT_dcL T_cdST_dcS sccl2 scd22 sdc21 sdd11
[_cdLT_dcL T_cdST_dcS scc21scd12 sdc22 sdd11
I_cdLT_dcLT_cdST_dcS scc22 scd1l sdc21 sdd12
I_ccLT_ddLT_ccST_ddS sccll scd22 sdc21 sdd21
I_ccLT_ddLT_cdST_dcS sccll scd21 sdc21 sdd22
[_ccLT_ddLT_cdST_dcS scc21 scd12 sdc21 sdd21
[_cdLT_dcLT_ccST_ddS scc21 scd12 sdc21 sdd21

[_cdLT_dcL T_cdST_dcS sccll scd22 sdc21 sdd21

A=1-negative terms + positive terms
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Quick Evaluations

Q Just a simple example for now.

Q Recall a previous slide

—ERLmode
* Dnoge =10 20

QA In this example we use lowest I results for a mated test fixture
Q 2 cases... start at forming budget
* ERL,,=10;ERL.=3; ERLy=17.5; ERL_=17.7;
* Computed from: https://www.ieee802.org/3/dj/public/tools/MTF/sekel 3dj 02 2503.zip
* ERL,,=10;ERL.=5; ERL,=20; ERL_4=20;

d Channel

e HH 5in_ DAC_X Op5m_HN 3in_thru TPO Tx7 to TP5 Rx7
https://www.ieee802.org/3/dj/public/tools/CR/weaver 3dj 02 2311.zip

Q Determine SNR, from pulse response with and without modal effect

Q COM computed from pulse responses(PR). (no MLSD)
e Just a quick check here
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Many paths can have low impact

IL of this channel is 25.3 db at 53.125 GHz
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PR of the VTF(dd) with and without modal
contrlbutlons delta COM = 0.238 dB

HH_5in_DAC_X_0p5m_HN_3in_thru_TP0_Tx7_to_TP5_Rx7

[ [ I [ I
P PR vtf w Modal RL: snr_isi= 1936 ~(pre(6)post(16)
0.14 —=60 data1 |
PR dd ref as in COM: snr_isi=19.95 -(pre(6)post(16)
—=0 data2
012 —
0.1 |
00 - ERL,, =10 ;ERL,=3; ERL,=17.5; ERL_,=17.7; §
" oos L Measured channel SCMR = 29.5 dB |
0.04 — % _

~ \ 21
0 0.5 1 1.5 2 2.5 3 3.5 4
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Improving modal ERL: PR w/wout modal
contributions delta: COM = 0.130 dB

HH_5in_DAC_X_0p5m_HN_3in_thru_TP0_Tx7_to_TP5_Rx7

0.16 5 | | | | | [
PR vtf w Modal RL: snr_isi=19.63 -(pre(6)post(16)
0.14 — —=—© datal ]
PR dd ref as in COM: snr_isi=19.95 -(pre(6)post(16)
0.12 — ——© data2 —
0.1 — —
q
v " ERL,,=10;ERL_=5; ERL, =20; ERL_=20; }
> dd — ’ cc” = dc™ <™ cd™ <=
0.06 — _
0.04 — 3 —

ps
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Summary

Modal Voltage Transfer Function (VTF) can be extended to evaluate modal parameters.
The VTF approach is well-defined but involves complex calculations.

Evaluating modal gains with interactions uses Mason’s Rule transfer function formula.
An initial example shows a small delta COM when modal reflections are considered

Symbolic Octave and Matlab scripts are available for computing modal VTFs.

e Can be used in the Matlab symbolic live script environment
* Produces a VTF function handle in Octave and Matlab

Signal_flow_graph_masons_rule_solver.m (main program)
compute_denominator_delta.m

compute_path_deltas.m

find_forward_paths.m

find_unique_loops.m

https://opensource.ieee.org/802-com/com code/-
/tree/main/Exploratory/Signal flow graphs?ref type=heads
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https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads
https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads
https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads
https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads
https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads
https://opensource.ieee.org/802-com/com_code/-/tree/main/Exploratory/Signal_flow_graphs?ref_type=heads

Future Directions

- Modal Effective Return Loss (ERL) offers a practical metric to replace
modal masks

« The modal VTF is a framework for CM budgeting
« Modal ERL specs can be used to enhance SCMR_CH

« It’s likely that a channel with high SCMR_CH are less impacted modal
termination impairments.

« Using modal ERL supports forming a closed budget
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Thank You!

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




	Slide 1: Replacing Common-Mode Frequency Masks with Modal ERL Specifications via Signal Flow Graph Analysis
	Slide 2: Supporters
	Slide 3: Table of Contents
	Slide 4: Abstract
	Slide 5: Introduction
	Slide 6: Mason’s Rule[1][2] for Transfer function
	Slide 7: Simple flow graphs
	Slide 8: Basic flow diagram for differential-to-differential voltage transmission
	Slide 9: Cascade of 2 port s-parameters using signal flow graph
	Slide 10: Consider Numerical Assessment using Assignment of Values for the Gammas (G) 
	Slide 11: Termination Node Reduction
	Slide 12: 2 Port example for T or Voltage Transfer Function (VTF)
	Slide 13: Complete Modal Flow Graph for a 4-port S-parameter
	Slide 14: Nodes and Gains
	Slide 15: Forward Path Gains  G13 is in the VTF in COM
	Slide 16: Forward Path Gains, Gk, and Dk
	Slide 17: Delta (D), 84 loops
	Slide 18: Negative terms 4th order or less
	Slide 19: Negative terms 5th to 6th order
	Slide 20: Negative terms 7th order or more
	Slide 21: Positive terms 4th order
	Slide 22: Positive terms 6th order or more
	Slide 23: Quick Evaluations 
	Slide 24: Many paths can have low impact
	Slide 25: PR of the VTF(dd) with and without modal contributions: delta COM = 0.238 dB
	Slide 26: Improving modal ERL: PR w/wout modal contributions delta: COM = 0.130 dB
	Slide 27: Summary
	Slide 28: Future Directions
	Slide 29: Thank You!

