




Additional improvements besides minimizing Cvia and Lvia involves providing a better AC return path by
adding a ground via next to each signal via as well as applying backdrilling to remove any left over via stub.

Add ground return vias within 35 mils of each signal via to further improve the insertion and return
losses of the via.

Note:

Related Links
Via Optimization Techniques for High-Speed Channel Designs

Blocking Cap Optimization
Transceiver channels often incorporate DC blocking capacitors to control the common mode voltage at the
receiver. However, the presence of the blocking capacitors in the channel creates an abrupt discontinuity
where the trace meets the capacitor. Similar to via optimization, the layout footprint for the blocking caps
can be optimized to minimize their impact on the channel. Because the larger capacitor pad results in lowering
its characteristic impedance, one way of increasing this impedance to better match the trace impedance is
to increase the distance to the reference by making cut-outs underneath the body of the capacitor footprint.

Figure 23: DC Blocking Capacitor Plane Cut-out

By cutting out the first reference plane directly below the capacitor, the impedance increases as it references
the second plane further away. However, if this second reference plane is close to the first reference plane,
the increase may still not be enough. In this case it also becomes necessary to cut out the second, third, or
even more successive planes underneath to further increase the impedance.
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Figure 24: Additional Plane Cut-outs Underneath DC Blocking Cap

Normally, determining the proper plane cutout size and the number of layers below the capacitor to cut is
determined by extensive 3-D simulations. However, a formulaic approach based on simulations for
determining this cutout is also possible.

Figure 25: DC Blocking Capacitor Compensation
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Wt = Trace width
Wc = Component width
Lc = Component length
Wg = 0.7 x (Wc-Wt)
Wp1 = Wc + 2Wg
Lp1 = Lc + 2mil
WpN = Wp1 + 10 x (N-1)
LpN = Lp1

Where,

1. Cut out any plane underneath the capacitor whose proximity is within 0.75 Wc.
2. Set the side gap of the cut-out for plane 1 (Wg) = 0.7 (Wc – Wt).
3. Set the cut-out width of plane 1 (Wp1) = Wc+2 Wg.
4. Set the cut-out length of plane 1 (Lp1) = Lc+2 mils.
5. Set the cut-out width of successive plane N (WpN) = Wp1 + 10 (N-1).
6. Set the cut-out length of successive plane N (LpN) = Lp1.

The following example compares the time-domain reflectometer (TDR) results of the DC blocking capacitor
layout with and without the plane cutout improvements. With the plane cutouts properly applied using the
above guidelines, the large discontinuity at the trace to DC blocking capacitor junction is eliminated.
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Figure 26: DC Blocking Capacitor Layout with and without Plane Cutouts

Figure 27: TDR Plot for DC Blocking Capacitor with and without Plane Cutouts

Related Links
Optimizing Impedance Discontinuity Caused by Surface Mount Pads for High-Speed Channel Designs

Connectors Optimization
Another component commonly found in the path of transceiver channels are backplane connectors and
optical interface modules such as SFP+, XFP, and CFP2 among many others. For these components, the
manufacturer may have specific design recommendations for the best connector performance, and the
designer should follow those recommendations. If no recommendation is provided by the manufacturer,
perform simulations to determine the best layout optimization. However, because most backplane and
optical connector systems use press-fit through-hole via or surface mount pad technology respectively, the
concept for optimization is very similar to that done for transparent via design and DC blocking capacitor
compensation. The impact of impedance mismatch limits performance. For these cases, you can use the
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same methodology to optimize both the vias and surface mount pads in the connectors to better match the
connector impedance to the 100-Ω trace impedance.

Figure 28: Example Backplane Connector Layout
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Figure 29: Example XFP Optical Module Connector Layout

Notice that the via and surface mount pads show evidence of optimization such as increased via anti-pad
size and plane cut-outs underneath the surface mount pads.

Use manufacturer layout recommendations for connectors if available. In the absence of any specific
manufacturer recommendations, designers can apply the transparent via optimization and DC

Note:

blocking capacitor compensation technique to connector systems that use through-hole via and
surface mount pad technologies, respectively.

Summary
A typical end-to-end transceiver link is comprised of three main components:

• PCB material
• Stack-up design
• Channel design

High-speed channel design involves understanding the first-order factors that impact performance in each
one of those components. These first-order factors are:

• Signal attenuation
• Discontinuities and impedance control
• Crosstalk

Some recommended design choices to oppose those effects are summarized below.
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PCB Material Selection
• Select the material with the lower loss tangent to reduce signal attenuation from dielectric losses.
• Always choose lower Ɛr with a flat frequency response for best signal performance and to reduce signal

dispersion that adds phase jitter.
• Always choose more densely woven fiberglass style for the core and prepreg material surrounding the

high speed signal layers for more uniform Ɛr that will minimize impedance and signal velocity variations.
• Choose sparsely dense fiberglass styles for power layers and slower general purpose signal layers to reduce

PCB cost.
• Use wider traces and choose rolled copper foils over traditional electrodeposited (ED) copper foils in the

PCB construction to mitigate conductor loss.
• Certain simulation tools may not include loss effects from surface roughness. In these cases, the correction

factor (KSR) must be added to get realistic prediction of the actual loss.

Stackup Design
For the same trace width and copper thickness considerations, stripline results in less signal attenuation
compared with microstrip.

Channel Design
• For high-speed transceiver signals, use trace widths of 6mils or more to minimize conductor loss.
• Limit use of 4-mil trace widths to the BGA breakout area and keep their trace length as short as possible.
• Loosely coupled traces are easier to route and maintain impedance control but take up more routing

area.
• Tightly coupled traces saves routing space but can be difficult to control impedance.
• Use stripline routing to avoid FEXT concerns.
• Use stripline traces with 5H differential pair-to-pair separation to minimize NEXT to 1%.
• If microstrip routing is required, used 6H-7H differential pair-to-pair separation to avoid NEXT and

FEXT issues.
• Cvia optimization techniques

• Reduce the via capture pad size
• Eliminate all non-functional pads (NFP)
• Increase the via anti-pad size to 40 or 50 mils

• Lvia optimization techniques:

• Eliminate and / or reduce via stubs
• Minimize via barrel length by routing near the stripline traces near the top surface layer and applying

backdrilling

• Add ground return vias within 35 mils of each signal via to further improve the insertion and return
losses of the via.

• Use manufacturer layout recommendations for connectors if available. In absence of any specific
manufacturer recommendations, designers can apply the transparent via optimization and DC blocking
capacitor compensation.
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