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The important consequence of frequency-dependent loss and rise-time degradation is ISI: 
The precise waveform of the bit pattern will depend on the previous bits that have passed by. 
ISI is a significant contributor to jitter.

Source of Signal Loss



It is important to note that the resistivity of copper, and most conductors, is very constant 
with frequency. Above about 10 MHz, the resistance per length of the signal path will be 
frequency dependent. Skin depth is driven by the need for the currents to take the path of 
the lowest impedance, which is dominated by the loop inductance at higher frequencies.

Source of Signal Loss



The dissipation factor, usually written as the tangent of the loss angle, tan    , and also 
abbreviated sometimes as Df, is a measure of the number of dipoles in the material and how 
far each of them can rotate in the applied field.

Source of Signal Loss
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A  de-emphasized waveform is defined in 
terms of the voltage levels called Vshelf and 
Vswing. 

Vshelf is calculated first for a given level of 
de-emphasis.

Each unique channel has some optimum 
amount of transmitter de-emphasis that will 
deliver the best eye performance.

Pre-emphasis and Equalization



Pre-emphasis and Equalization

Cursor tap1 = (1+ Vshelf) / 2

Post cursor tap2 = tap1 - 1  



Pre-emphasis and Equalization

PCI EXPRESS BASE SPECIFICATION, REV. 3.0 



Pre-emphasis and Equalization

USB 3.0 SPECIFICATION



Pre-emphasis and Equalization

When a high speed digital signal propagates 
through a lossy channel, RX CTLE is used to 
boost high frequency components of the signal 
to compensate high frequency channel loss.
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USB 3.0 transmitter compliance test considerations



TX Far End

USB 3.0 transmitter compliance test considerations
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Use “KEYSIGHT_ENA_HOST_CHANNEL_3MCABLE.s4p” 
to express the “host compliance test channel”. 

USB 3.0 transmitter compliance test considerations
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USB 3.0 transmitter channel design case study

Via plating can also be translated if specified in the 
Allegro database “Drill / Slot symbol” information.

If non-functional pads will not be removed, select 
option “split vias into several 2-layer vias”.



USB 3.0 transmitter channel design case study
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Summary

1. Channel modeling, simulation and measurement can be critical to design success. 

2. Using compliance kits in SystemSI automates the testing process.

3. We can use Non-IBIS model as the transmitter and receiver buffer model in SystemSI
to conduct the large number of  data bits simulation in a short time. 



Thanks for your attention~


