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SYMMETRY/RECIPROCITY

Symmetric à S11 == S22
Reciprocal à S21 == S12 

S11 <> S22
S21 == S12

Most passive topologies 
are Reciprocal, not Symmetrical



WHO IS RIGHT?

Time Fredq

WRONG
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Let’s look at Voltages
Measurement Points

• For any given topology, same results are obtained, driving 
from left or right. (Fred was right!!)

• If we change the location of the capacitor, it’s a different 
topology and results change (Tim is also sort of right!!) Time Fredq

RIGHT



LET’S COMPLICATE THINGS!!



REALLY? (LET’S LOOK AGAIN)

Even on the reflective case, H(s) 
is the same with the exception 

of a constant gain

Gain

Denominator does not change

𝑽𝒔𝟐𝑽𝒔𝟏

“Kinda” of IL, but not really
This curve represents a
Voltage Transfer Function



REFLECTIONS vs. POSITION
• How can we lower the reflections simultaneously at both ends?
• Let’s do the following experiment: 

－ Add Tx/Rx 200fF at the ends
－ Sweep location of DC-Blocking cap discontinuity
－ Compute ERL at side-1 and side-2 and and power-sum

The bigger this number the less reflections -20log(V reflected)

Center of
Transmission

Line

High ERL means
lower reflectionsERL with

no DFE

ERL with
12 TAPS DFE

Notice how
DFE is fixing the

reflections at the
ends

SOLUTION IS SYSTEM DEPENDENT, BUT KEEP IN MIND THE TRENDS AND USE IT TO YOUR ADVANTAGE.



LET’S MINIMIZE DISCONTINUITIES

• Different ways to model DC-Blocking caps
• Important to reduce discontinuities

CAP

CONN

TX/RX

TX/RX



TO CONCLUDE

• Same voltage transfer function, when driven 
from either side (+ Gain in unmatched cases)

• Reduce discontinuities by simulating
your transitions

• Best capacitor location should be determined 
by understanding the complete topology
including other discontinuities, 
(use losses to your advantage!!)
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