
look at vias, via stubs, and connector
or footprint breakout patterns at the
PCB level. With the advent of more
powerful 3D solvers, designers can
look at multiple lanes as well as add in
the package footprint or solve struc-
tures at greater mesh densities. 

This investigation looks at the
effects on impedance, differential S-
parameters and eye diagrams when
certain aspects of either the trace pair
or its environment are modified. Let’s
first ground ourselves in the geometry
of a simple package and the resulting
impedances. The package we will look
at is a small flip chip four-layer PBGA
with all the routing on the surface
layer, a partial GND plane on layer 2,
a full GND plane on layer 3, and most-
ly solder ball pads on the bottom layer.
The structures captured have a bound-
ing box enclosing just the main target
differential pair (TX6), and a larger
bounding box (FIGURE 1) enclosing
lanes TX5, TX6 and TX7 as seen from
left to right (TX6 positive leg is excited
at the bump). 

Two common attributes to investi-
gate when designing differential chan-
nels are the even- and odd-mode
impedances of the structure. Zdifferen-
tial = 2*Zodd while Zcommon =
0.5*Zeven. 

The differential impedance is of
most interest because the structure will
present a discontinuity to a 100 Ω dif-
ferentially designed system to the
extent that it deviates from 100 Ω. The
impedances of the differential pairs
TX5, TX6, TX7 are shown in TABLE 1.
These differential impedances and the
variance between them are fairly typi-
cal when designing for a 100 Ω target
differential impedance. 

Variances in impedance are easily
determined with a 3D quasi-static (QS)
or 2D field solver. The speed of these
solvers surpasses that of a full-wave
solution, so they serve as a good indi-
cator of where impedance discontinu-

ities may exist, or where 3D full-wave
finite element analysis (FEA) solvers
might need to be employed. For single-
ended designs, impedance discontinu-
ities and the subsequent reflections are
straightforward to calculate. However,
in differential designs, and when
designing at such high frequencies,
impedance discontinuities cause more
than just reflection. Discontinuities,
such as via transitions, routing next to
the edge of a package and running over
a clearance hole in the plane below, can
launch spurious modes or misdirect
return currents that wreak havoc on
your design. These additional phenom-
enon are not easily predictable and
thus justify the need for a quality full-
wave solver.

Investigating S-Parameters
One logical progression for designing
gigabit channels is to look at imped-
ance variations or discontinuities, then
single-ended or differential S-parame-
ters, and the effects on eye diagrams. If
we look at TX7, we notice that with-
out the flood region around the differ-
ential pairs, Zeven is affected while
Zodd remains roughly the same. This
follows, since we are not affecting the
environment directly above, below or
between the two legs of the differential
pair. (It’s worth noting that flood
regions sometimes affect the positive
and negative legs of a differential pair
in a disproportionate manner. Their
effectiveness in areas where they are
not well attached to more solid GND
structures is also hard to predict.) 

When we remove the plane below
TX7, Zodd is affected most because we
are affecting the fields below both legs
of the differential pair, while Zeven
remains roughly the same. Moving to
what this means from a differential
transmission perspective, a 3D full-
wave solver was used for the geometry
in Figure 1 and SDD21 (differential
insertion loss) was determined (FIGURE
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IMPEDANCE TX5 TX6 TX7 TX7 WITH TX7 WITHOUT 
NO TOP FLOOD pln

Zeven 90.55 85.75 84.55 99.6 85.85

Zodd 48.9 47.75 47.65 47.5 39.45

Zdiff 97.8 95.5 95.3 95 78.9

TABLE 1. Impedances of differential pairs


