
Forms of 
shielding 
take sides: 
air vs. plastic
There are two different types of shielding technology in backplane connector design: 
those with plastic and those without. 

Is a high-frequency backplane connec-
tor without shields possible? Can virtual 
grounds do the job of real grounds? Is air 
or plastic a better insulator? What per-
formance trade-off s are involved in these 
design choices?

Connector design is a complicated bal-
ancing act. Each decision about the vari-
ous pieces of metal and plastic that make 
up a connector system simultaneously af-
fects such aspects of performance as me-
chanical strength, reliability, signal integ-
rity, packaging density, ease of use, ability 
to upgrade, component cost, system cost, 
and long-term cost of ownership. Connec-
tor designs, which try to improve perfor-
mance in one area by sacrifi cing elsewhere 
(reliability, for example), are often out of 
balance in practice. Taking an overly nar-
row component view rather than a system 
view of connector design requirements 
can also lead to imbalance.

Air versus plastic
Consider the diff erence between air 
and plastic as the principal insulat-
ing material within a connector. 
Signals traveling in air experience 
lower dielectric loss and delay than 
signals traveling in plastic, but this 
is relatively insignifi cant for a con-
nector that represents a short por-
tion of the overall signal path. In fact, 

a certain amount of loss within a 
connector can actually smooth the 
overall amplitude and phase response of 
high-frequency-interconnect channels 
by reducing the eff ects of multiple refl ec-
tions. 

In RF and microwave measurement, 
attenuators inserted at various points in a 
test setup smooth the frequency response 
of a complex interconnection path. In a 
digital system, such refl ections typically 
result from via stubs, signal path 
transitions in plated through-
holes, SMT pads, and vias at ei-
ther end of a connector, and from 
diff erences in characteristic im-
pedance between the two diff erent 
boards. Careful connector design 
can reduce refl ections from these 
sources, but never entirely elimi-
nate it, due to printed-circuit-
board manufacturing tolerances 
and various confl icting design re-
quirements.

A desire for lower signal attenu-
ation and delay in the connector 
portion of the overall system signal 
path should be balanced with the 
need for mechanical strength and robust-
ness of design. Because air does not add 
mechanical strength, using air as the pri-
mary insulator can result in a more fragile 
connector. A weaker connector may not 
cause problems in a laboratory environ-

ment, where it is handled with care. How-
ever, the real-world backplane application 
environment is a tough one, and requires 
a connector that can consistently handle 
mismating, dust, board defl ection, and 
other challenges to reliable, repeatable 
performance.  

Because air has a lower dielectric con-
stant than plastic, an air-based design may 
require closer spacing of adjacent uninsu-
lated signal and ground conductors than a 

comparable plastic-based design in order 
to achieve the desired characteristic im-
pedance values of 50-Ω single-ended or 
100-Ω diff erential. Th e lack of solid insu-
lation between diff erent electrical conduc-
tors over substantial lengths in a connec-
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tor can increase the chances of shorting, 
due either to contamination with dust 
or to contact bending under conditions 
of stress encountered during handling of 
loose connectors, connectorized module 
cards, pressing of connectors into boards, 
solder reflow, thermal cycling, or mating 
of connectors under worst-case misalign-
ment conditions. The additional costs of 
requiring tighter tolerances on card-cage 
hardware and board deflection to prevent 
damage to a more fragile connector can 
be significant. 

In the 1970s and early 1980s, the typi-
cal board-to-board connector consisted 
simply of multiple rows of signal pins. 
In these open pin-field connectors, vari-
ous signal pins served as ground returns 
to control electrical crosstalk and voltage 
reflections within a certain range. The 
grounded pins served as electrical shields 
by isolating signals and differential sig-
nal pairs from each other. Starting with a 
typical 0.100" pitch four-row and assign-
ing 20% to 50% of the pins to ground 
yielded a density of 20 to 32 signals per 
linear inch.

In 1983, the industry saw the launch 
of the first backplane connectors with 
specialized external ground/power-shield 
conductors designed to lower simultane-
ous switching noise and improve signal 
integrity in the form of the HD-Plus 
platform. Various manufacturers intro-
duced internally shielded connectors in 
the 1980s and early-to-mid 1990s, such 
as the Z-Pack SL100, HDM Plus, and 
HM shielded. (see Fig. 1)

During the late 1990s, dramatic sys-
tem-driven changes in backplane data-
transmission architectures involved 
greater use of differential-pair signals and 
point-to-point interconnections, which 
together enabled much higher data rates. 
In response, new generations of inter-
nally shielded backplane connectors were 
introduced that incorporated various pat-
ented internal-shield configurations.

Virtual versus real grounds 
In the course of ongoing competitive ef-
forts among connector vendors, the older 
unshielded configurations (in which the 
physical ground shields are signal-type 
contacts assigned to function as ground 
returns) were examined for ways of extend-
ing their original levels of performance. 

Besides the grounding of signal pins, the 
more widespread use of differential signals 
effectively added virtual grounds to various 
levels of system interconnection.

The general idea of virtual grounds is 
not new. Any symmetrical and oppositely 
driven conductor pair acts as if there is a 
virtual ground plane located midway be-
tween them, according to the theory of 

electrical images. For this reason, a differ-
ential pair of signals effectively carries its 
own virtual ground plane. The presence 
of this virtual ground “shield” is due to 
field cancellation. 

A second type of cancellation can oc-
cur at the differential receiver input when 
crosstalk noise is picked up by a differ-
ential pair in a symmetrical fashion, with 
each half of the pair picking up the same 
amplitude and sign of noise. Benefits due 
to cancellation effects, however, rely on 
maintaining sufficiently tight tolerances 
in silicon, packaging, and system design 
and construction. Such requirements are 
necessary to provide adequate symmetry 
and balance of the timing and amplitude 
of the two “halves” of each transmitted 
differential signal, electrical balance of 
each pair of signal lines, including differ-
ential delay, and adequate noise-cancel-
ing or common-mode rejection charac-
teristics at the receiving device. 

Neither aspect of virtual grounds or 
noise cancellation will work for single-
ended (or ground-referenced) signals, and 
only the perfectly balanced part or odd-
mode component of differential signals 

will benefit from this approach. Real-
world differential signal pairs include an 
unavoidable unbalanced, “even-mode,” or 
“common-mode” component which acts 
like a single-ended signal, because it de-
pends upon physical ground return paths, 
and does not benefit from virtual ground. 
Certain arrangements of conductors that 
reduce differential-pair to differential-pair 
crosstalk through cancellation effects may 
actually increase common-mode crosstalk 
coupling, as well as increase various kinds 
of mode-to-mode conversion. 

For this reason, connector and system 
designers should not rely on cancella-
tion effects alone. Even from a theoreti-
cal viewpoint, the cost of requiring suf-
ficiently tight tolerances on silicon and 
interconnect to guarantee lower in-pair 
skew can be substantial. Moreover, as 
data rates continue to rise, the challenge 
and cost of maintaining perfectly bal-
anced silicon and interconnect in a large 
system will increase.

Real-world examples
Connectors with physical shields also 

benefit from virtual ground effects when 
used with differential signals, but can be 
designed to provide enhanced margins 
for real-world system tolerances by taking 
advantage of both real grounds, as well 
as the cancellation effects possible with 
differential pair signals. As an example, 
consider a surface-mount connector de-
signed with integrated internal physi-
cal shielding. A 14-row version of this 
connector accommodates 1400 shielded 
single-ended signals, or 700 differential 
signal pairs, with wide-band performance 
to 10 GHz in either case.

The electrical benefits provided by in-
ternal physical shields are born out in lab-
oratory measurements of the connector. 
Including the effects of this connector 
plus the real-world contributions of SMT 
pad footprints on 0.080"-thick FR-4 test 
boards, and of 12-mil diameter through-
vias with 0.020" signal stubs, measured 
single-ended transmission is smooth and 
resonance-free out to 10 GHz. Single-
ended attenuation is less than 2 dB out to 
6 GHz, which is the mid-band frequency 
for 12 Gbit/s transmission. Single-end-
ed, multi-line forward crosstalk is more 
than 13 dB lower, and multi-line back-
ward crosstalk is more than 16 dB lower 
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FIGURE 1. The Ventura connector features 
an internally shielded surface-mount design 
with up to 1400 shielded single-ended 
signals, or 700 differential pairs in 222 mm of 
length, including guidance features.
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than the transmission over the same fre-
quency range (see Fig. 2).

When the same connector and test 
boards are measured with diff erential pair 
signals, signal-to-noise is improved by the 
added benefi ts of virtual grounding and 
diff erential cancellation. Th e result is dif-

ferential multi-line forward crosstalk 20-
dB lower, and multi-line backward cross-
talk 25-dB lower than transmission up to 
6 GHz (see Fig. 3).

Taking the system view for connector 
design requirements results in a more bal-
anced design where superior performance 

in one area does not come as the expense 
of other important elements. As part of a 
well-balanced connector design, physical 
shields provide the electrical performance 
needed to support emerging requirements 
of higher bandwidth systems and the me-
chanical robustness required for real-world 
applications.              CS
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Differential transmission and multi-line crosstalk
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FIGURE 2. Measured single-ended transmis-
sion and multi-line crosstalk (forward and 
backward, 0 to 10 GHz) of the longest row 
signal path in a 14-signal-row Ventura con-
nector includes the effects of SMT pads and 
12-mil through-vias.

FIGURE 3. Measured differential transmis-
sion and multi-pair crosstalk (forward and 
backward, 0 to 10 GHz) of the longest signal 
pair in a 14 signal-row Ventura connector 
includes the effects of SMT pads and 12-mil 
through-vias. 

Single-ended transmission and multi-line crosstalk
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