


»#4 AUTODESK

How to select the right simulation tool?

When selecting a tool or technique to perform signal integrity simulation, you
should consider your design requirements, the capabilities of your PCB design
tool, and the limitations of your design tool.

Capabilities

First, determine the capabilities of your PCB design tool to determine if it’s
compatible with the technique you want to use for your signal integrity
simulation. Each simulation technique is different and has different requirements,
so you'll want to make sure your PCB design tool supports the technique you want
to use. The SI Extension for Fusion 360 Electronics is extremely thorough. It
provides resistance, impedance, capacitance, and propagation delays based off
substrate and copper thickness, ground planes, Dk (dielectric constants) and Df
(dissipation factors) of substrates. All these parameters are defined through the
layer stack manager making it easy to visualize and enter their values.

Fusion 360 Electronics Layer Stack Manager showing layers and their properties
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Limitations

Next, determine the limitations of your PCB design tool and how they will impact
the results of your simulation. Most highspeed PCB design requires trace
impedance and propagation delays to meet specification. The MoM simulation
technique provided in the SI Extension of Fusion 360 Electronics provides this and
does it quickly.

Other simulation techniques have different limitations. For example, S-parameter
extraction and full wave EM field simulations will provide a more accurate
representation of the propagation of the signal, but it also more expansive in
terms of computational resources and requires simulation expertise to setup the
models and understand the results.

Design requirements

Finally, determine your design requirements and which technique would be most
appropriate for your circuit design. Choosing a simulation that is integrated with
your ECAD package makes for fast and convenient simulation.
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What are the key steps involved in signal
integrity simulation?

To perform signal integrity simulation, there are a number of key steps you’'ll want
to consider. These steps will depend on your design requirements and the
technique used for your simulation.

Define the Stackup

First, you’ll want to define the PCB stackup as that contains the information
needed to perform the simulation calculations. As mentioned earlier, substrate
and copper thicknesses along with Dk and Df of substrates are required to perform
the calculations used determine impedance. Also, make sure that your simulation
factors in trace geometry and vias. Fusion 360 Electronics makes this easy by
graphically showing the stackup and allowing stackups to be saved/loaded for
future use by others within your organization or from PCB manufacturers.

B Layer Stack Manager (4 Layer Stack)

File Layer Stack Clearance Distance Sizes Annular Ring Shapes Supply Ma
i | 4 Layer Stack v B 5| 4 Z B 2 | (7] Edt materal properties
| 2 Layer Stack .
{ | 4Layer Stack
| 6 Layer Stack Material Type Thickness Weigt Dk @ 1GH Df @ 1¢
| 8 Layer Stack ASP:White Sik Screen
i 10 Layer Stack User ... Solder Mask  0.020318... 4.30 0.0250
| 12 Layer Stack Lead-Free  Surface ...  0.02 mm

14 Layer Stack User ... Signal 0.035mm 1oz

€ | 16 Layer Stack User .. Prepreg 0.210312... 4.60 0.0170
1 CuFoi:005  Signal 0.018 mm  1/20z
1 Open From Setup String... User ... Core 1.065 mm 4.60 0.0144

15 Routel5 CuFoi:005  Signal 0.018 mm  1/20z
1 g5 Dielectric-5 User . Prepreg 0.210312... 4.60 0.0170
1 16* Bottom User ... Signal 0.035mm 1loz
| Rattnm Surfare Il ead-Frea | Surfare N N? mm

Fusion 360 Electronics can load preset stackup files saved and used by others in your organization or
from PCB Manufacturers
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Select the right design parameters

Next, you’ll want to select the right design parameters for your simulation. This
includes the design frequencies, any design constraints, and the materials and
widths of the traces and components in your design. Design rules and net classes
make it possible to ensure consistency and accuracy in your design as they will
ensure your layout adheres to the rules you specify.

Run the simulation

Once you've selected all of the design parameters and techniques for your
simulation and laid out some traces, you’ll want to run the simulation to generate
the results. Depending on the technique you use for your signal integrity
simulation, you may want to run multiple simulations for different design
scenarios to account for different variations in the design. Your simulation should
clearly show anomalies and discontinuities.
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What are the common signal integrity issues?

There are many potential issues that can result from signal integrity issues. These
issues will depend on the specific components in your design and how each
component will affect the propagation of the signal.

Excessive attenuation

Excessive attenuation is when the signal experiences too much attenuation. This
can occur if your design has a large amount of capacitance or inductance, which
will cause the signal to be significantly attenuated as it propagates through the
circuit. PCB substrates with high Df will attenuate high frequencies more than low
Df substrates.

Excessive crosstalk

Excessive crosstalk is when the circuit experiences too much crosstalk. This is a
common issue that can occur when two circuits are too close together and are
experiencing significant crosstalk.

Impedance Discontinuities

Impedance discontinuities are changes in impedance caused by changed in trace
geometry or ground planes. When signal experiences a change in impedance, a
reflection of part of the signal will occur resulting in ringing and signal
degradation and potential Electromagnetic Interference (EMI) issues such as
crosstalk.

Propagation Mismatches

Most highspeed signals require that signals appear together at the same time.
Propagation delay is proportional to length and is affected by PCB Substrate
characteristics and the design of the traces. The SI Extension provided by Fusion
360 Electronics factors this in when calculating delays. Trace meandering is a
technique use to lessen the effect of mismatched signal delays.
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Conclusion

Signal integrity simulation is an essential design analysis tool that enables
engineers to optimize the performance of their circuit and PCB designs. This type
of simulation helps engineers to comply with industry standards, avoid costly
mistakes, and optimize the design of their PCBs by adjusting trace width, length,
thickness, and trace-to-trace spacing. With simulation, engineers can also resolve
potential EMI issues by applying ground planes and creating coplanar lines.

Fusion 360 Electronics with the SI extension is an ideal tool for highspeed design
PCBs as it gives designer the information they need to comply with modern
highspeed communication standards as well as allowing the designer to see the
effects changes in substrates have on impedance and signal propagation delays.
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