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Problem Definition & Basics of SI-Losses

At low-frequency a small segment of PCB-trace/interconnect behaves like a resistive
element, whereas at HF it behaves like a transmission line with RLGC parasitic
elements.

HF-Signal transmission from the driver to receiver through PCB-Interconnects/Vias &
Connectors can be of either

 Single-Ended type: i.e., one signal line & a signal return path (a ground plane)

 Differential-Pair type: i.e. two lines with opposite signals and a ground plane.

In  both cases matching of impedances between Driver output, PCB-traces/Vias &  
Receiver input impedance are necessary.

 Uncontrolled Impedance leads to Signal reflection/attenuation or distorted signal at 
the Receiver side – which is also called Loss of Signal Integrity (SI)!!
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3D and 2D views of Connectors/Vias
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Modeling of PCB-Traces/Vias/Connectors
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Physics Interface:FEM Simulation of PCB-Traces/Vias
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Frequency Domain Simulation of High Speed Vias

Figure-1: Frequency domain simulation (frequency sweep 
1MHz to 0.8 GHz) of high-speed vias for the estimation 
single-ended impedance (Z0) of the connector-wire.

Figure-2: Frequency domain simulation (1 GHz) of high-
speed vias for the estimation differential-pair impedance 
(Zdiff) of two neighboring connector-wires.
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Frequency Domain Simulation of High Speed Vias

Figure-3: Frequency domain simulation (frequency sweep 1.0 
GHz to 10 GHz) of high-speed vias for the estimation 
Differential  impedance (Zdiff) of the Vias/connectors.

Figure-4: MF-field  simulation (1GHz to 10 GHz) of high-
speed vias/connectors  for the estimation differential-pair 
impedance (Zdiff) of two neighboring Vias/connectors.
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Z0 Computation for High Speed –Vias/Xtors

Table-1: Frequency Domain(@1 MHz to 0.8 GHz) Simulation of High Speed-Vias/Connectors 
for the computation of Z0. Notice that  Z0 tends to be constant  for the freq above 0.6 GHz
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Zdiff Computation for High Speed –Vias/Xtors

Table-2: Frequency Domain (@ 1 GHz to 10 GHz) Simulation of High Speed-Vias/Connectors 
for the computation of Zdiff. Notice that  Zdiff is roughly constant  for the freq above 8 GHz.
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Conclusion:
 2D-Model of High Speed PCB-Vias were built and simulated using

Comsol frequency domain tool. PCB-Traces & Connectors are also
modeled/simulated in the same manner.

 Both Single-Ended & Differential-Pair of Vias were simulated at 0.5 GHz
or 1 GHz and above. Parasitic RLGC-elements were extracted from High
speed Vias/Connector @ GHz-frequencies.

 At high frequencies (>8 GHz) the Diff. Char. Impedances Zdiff tend to be
constant and close to the Sqrt(Lch/Cch).

 As Z0 & Zdiff = sqrt((R+jwL)/(G+jwC)) and at GHz freq. R & G should be
negligible, the results approx. match with the reality.
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Thank you very much for your attention!


