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logic 0 to 1 and logic 1 to 0 transitions. 
These pedestals close the eye, making it 
more difficult for the digital receiver to 
ascertain whether the received signal is 
truly a logical one or a logical zero. 

The “height” of the pedestal is pro-
portional to the equivalent impedance 
of the stub. A higher via stub imped-
ance results in a higher, more desirable, 
logic 0 to 1 pedestal level (and a cor-
responding lower logic 1 to 0 pedestal 
level). An effective way to increase stub 
impedance is to decrease shunt capaci-
tance by removing non-functional pads 
and increasing anti-pad diameters. 
While these techniques help, they are 
often not enough to reduce distortions 
to acceptable levels.  

The width of the pedestal is pro-
portional to the length of the stub. 
A short stub produces a narrower 
pedestal width and a correspondingly 
wider, more useable eye. An easy way 
to reduce the width of the pedestal is 
to decrease the overall length of the via 
stub by backdrilling. Figure 5 shows 
an eye-diagram of a properly back-
drilled PTH. One can readily see that 
the residual stub length remaining after 
the backdrilling operation results in a 
significantly larger eye opening.

It should be noted that alternate 
construction techniques such as laser-
drilled vias, and alternative stack-up 
arrangements where traces are moved 
to layers closer to the end of the 
via stub, can also be used to reduce 
stub length. But in many high-den-
sity printed circuit boards and back-
planes/midplanes, these options are not 
always viable from both manufactur-
ing and cost standpoints. In this case, 
the only option is to remove the via 
stub by backdrilling. Of course, stub 
removal is not the only signal integrity 
improvement technique that one can 

apply to the via. Optimization of the 
remaining portion of the via that is not 
backdrilled – using for example, the 
Sanmina-SCI patent pending Opti-Via 
“via-tuning” algorithm – can further 
reduce via-induced signal distortions.

How Much Residual Stub 
Length Can Remain?
Once the decision is made to backdrill, 
the question of how much residual 
stub length can remain arises. Does a 
thick backplane with 17 signal layers 
require 17 separate backdrill depths? 
Or are only three backdrill depth lev-
els equally spaced across the stack-up 
acceptable? The answer depends on 
several inter-related factors including 
the desired signal integrity performance 
and practical (cost-effective) manufac-
turing considerations and limitations. 
As a general rule, increasing the num-
ber of vias that need to be backdrilled 
and decreasing the maximum allow-
able residual stub length will signifi-
cantly increase the manufacturing costs 
of the PCB/backplane.

From a signal integrity performance 
perspective, a 3D full-wave simulation 
of the backdrilled via structure is often 

required in order to ascertain the actual 
impact it has on the desired signal 
integrity performance. High perfor-
mance interconnects that operate at 
either higher data rates and/or lower 
BER generally require smaller residual 
stub lengths. For estimation purposes, 
however, a rough gauge of how much 
stub can remain can be approximated 
by modeling the via stub as a lumped 
element impedance mismatch, and then 
calculating the percentage signal loss as 
a result of that impedance mismatch. 
Table 1 shows the approximate per-
centage signal loss due to via stub 
length for a typical 6.25 Gb/s back-
plane/midplane construction. The eye 
diagram in Figure 3 was measured 
on an interconnect having a residual 
stub length of 15 mils. As a reference 
point, the signal reflection loss due to 
a 10% trace impedance mismatch is 
approximately equivalent to a 20-mil 
stub length.

It has been our experience that 
most digital interconnect applications 
that operate at data and BER less 
than 10 Gb/s and 10-15, respectively, 
generally do not need to have their 
stub lengths reduced to below 10 
mils. This is especially true if some 
form of active or passive transmit-
side pre/de-emphasis or receiver-side 
equalization is incorporated into the 
overall interconnect design strategy. 
For example, the Sanmina-SCI full-
mesh high perfomance ATCA back-
plane only has three levels of back-
drilling with the largest via stub 
length being 80 mils long.

Smaller via stubs are always better 
than larger ones, and so for the sake of 
expediency, many signal integrity engi-

Figure 4. “Stubless” vias have clean 
logic transitions and correspondingly 
larger open eyes.

Figure 5. Backdrilled vias have sig-
nificantly reduced pedestal widths and 
significantly larger eye openings.

Table 1. Approximate signal loss for various residual stub lengths.

Remaining Residual Stub Length (mils)	A pproximate Signal Loss (Percent)

1	 0.25%

2	 0.5%

5	 1.25%

10	 2.5%

20	 5%

40	 10%

60	 15%

100	 25%

200	 50%


