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RF TECH TIP:

BNC VERSUS THREADED CONNECTORS

Investigating the Shielding Performance of Coaxial Connectors Used in Radiated Measurements

ken.javor@emccompliance.com.

By Ken Javor

rule-of-thumb in EMC and RF (hereinafter
Atermed “The Rule”) is that bayonet connectors
(BNC:s) leak above 10 MHz and are thus
to be avoided for radiated measurements. Threaded
connectors such as TNC, N, and SMA are used for
radiated test work. Having said that, to this day my

test facility has some old biconicals and rod antennas
with BNC connectors. What’s going on?

On one hand, there is The Rule. On the other hand, it
doesn’t seem likely that the manufacturers of otherwise
fine test equipment would use a leaky connector.

A measurement of connector leakage performance —
BNC vs. threaded — is revealing.

One might imagine a connector leakage test to look
like Figure 1, where a signal is piped through a length
of coaxial cable, and the radiation due to that signal is
measured externally.

A measurement like that shown in Figure 1 will indeed

verify The Rule. But that isn’t the

So, perhaps counter-intuitively, BNC connectors leak
less from the outside in than from the inside out.

'The balance of this Tech Tip presents data
substantiating the preceding statements. And as a
fringe benefit, we find that BNC connectors can make
serviceable connector savers for smaller diameter
cables terminated in fragile SMA connectors.!

COAXIAL CABLE USED AS PART OF THE
RADIATED MEASUREMENT SYSTEM:
TRANSFER IMPEDANCE MEASUREMENTS

Transfer impedance measurements on cables evaluate
the performance of the cable shield as well as that

of the connectors. These two components of total
transfer impedance are in series with each other and
add linearly. Therefore, if evaluating the transfer
impedance contribution of one connector versus
another, it is critical that the shield component of
transfer impedance be constant.

actual problem when the BNC
connector is on an antenna. The issue
there is transfer impedance because
the potential problem with a leaky
connector is that the same field that
impinges on the antenna will also
impinge on the coaxial connection
to the receiver. And if the induced
external cable current gets inside

the coaxial transmission line, it will
corrupt the radiated measurement.
And it turns out that certainly in the
rod and biconical antenna ranges a
BNC connector is suitable for this
application and doesn't leak much
more than a threaded connector as
long as it isn't defective.

Figure 1: Measurement of connector leakage
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'The optimal way to achieve
that is to use the same exact
cable, and change connectors.
This is achievable with a cable
using a threaded connector
such as SMA, and then
adapting to other threaded
and bayonet connectors, as
was done in this investigation.
=)
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Figure 2a: Overall transfer impedance set-up
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LMR-195 50 Q coaxial cable
with an N connector at one
end and SMA at the other
has its termination bonded to a ground plane at each
end. A bulk cable injection (BCI) clamp induces an
RF potential on the cable shield, and a current probe

Figure 2c: Opposite and cable termination
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Figure 2d: Instrumentation details

Coax switch: one input is
coax termination; the
other input is the current

monitors the resultant current at the

connector of interest. Both current
and the induced potential between
coaxial center conductor and ground
are displayed on a spectrum analyzer
(Figures 3 and 5). Voltage and current
may be compared to assess transfer
impedance. For this investigation,
transfer impedance nominal value is
not of great interest; it is the change
when swapping out a threaded (N)

for a bayonet (BNC) connector, or the
effect of wiggling a connector, that is of
primary interest.

In Figures 3a and 5, the yellow curve represents
current. The 94430-2 current probe has a 0 dBQ
transfer impedance from 1 — 250 MHz, so the reading
in dBuV is also the current in dBuA. In Figure 3a,
the pink curve is the RF potential measured using

an SMA-to-N adapter, and the blue curve is the RF
potential using an SMA-to-BNC adapter. There is
very little difference between BNC and N traces over
this frequency range.

Figure 3b is more interesting, being the same as
Figure 3a but with an added (green) trace. This trace
is also the RF potential measured using an SMA-to-
BNC adapter but a different model, and the results are
significantly worse. The erratic green trace was arrived
at by wiggling the coax cable, resulting in a loosening
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Figure 3a: Transfer impedance test results. Subtract current in dBUA from
various RF potential in dBUV to yield transfer impedance in dBQ. Dip in
current above 10 MHz is transmission line effects; transfer impedance
not accurate there but the figure of merit is one potential vs. the other for
constant induced current.
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Figure 3b: Identical to Figure 3a except added the green trace which is a
max hold of the author wiggling the interrogated end of the cable while
sweeping
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of the threaded connection between the cable’s

SMA connection and the SMA-to-BNC adapter.
'The jogs in the trace should not be interpreted in the
frequency domain but understood to be time-domain
perturbations, recorded using a max hold function as
the cable was wiggled. Figure 4 explains the mystery.

In Figure 4, the left-hand adapter has knurled stock
close to the threading that may be gripped by pliers
while torquing the cable’s SMA male connector onto
the adapter SMA threading. The middle adapter

has beveled stock close to the threading that may be
gripped by a wrench while torquing the cable’s SMA
male connector onto the adapter SMA threading. The
right-hand adapter has no grip of any kind available,
and thus comes loose under any sort of vibration, even
that applied by hand. The adapters at left and center
gave rise to the blue curves in Figures 3a and 3b, even
under persistent hand-induced vibration, whereas the
adapter on the right resulted in the green curve of
Figure 3b, under the same sort of stress (...the Ugly!).
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Figure 5: Same as Figure 3b but using a similar length of LMR-195 coaxial
cable with BNC connectors at both ends with no SMA-to-BNC adapters
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Finally, Figure 5 is
similar to Figure 3a,
except the cable has BNC
connectors — no SMA-to-
BNC adapters. Wiggling
the BNC connectors
introduces slightly

higher relative transfer
impedances than in
Figure 3b where wiggling
the BNC connector does
not affect the shield-to-
connector termination

as much (except for the
Figure 3b green trace case

of the ugly adapter).

COAXIAL CABLE

USED AS PART OF

THE RADIATING TEST
SET-UP: ASSESSMENT
OF RADIATION FROM
COAXIAL CONNECTION

'The obvious close probe
measurement for leakage
from a connector is a loop
probe placed adjacent to
the leaky connector while
the test coax is driven
directly from a tracking
generator into a 50
dummy load as shown

in Figure 6. This would
have worked, except

the only probe available
was an Empire Devices
MP-105 rated for use from
20 MHz to 1 GHz and it
was not sensitive enough
below about 100 MHz
for the purpose of this
measurement.

So instead, as shown

in Figures 7a and 7b, a
current probe was placed
around the entire cable,
measuring the common
mode current, of which
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Figure 6: Magnetic field measurement of coaxial connector leakage from an internal signal outward
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Figure 7a: More sensitive replacement for Figure 5 set-up (current probe transfer impedance -26 dBQ from 1 Hz
t0 20 MH2)

Pearson Model 411 read by spectrum analyzer :

Figure 7b: Identical to Figure 7a, except one of the cable terminations changed to BNC

there should theoretically be none at the frequencies
where we worry about a connector leaking, that is, at

and above 10 MHz.

Figures 7a and 7b require some explanation. For

the purpose of this demonstration, the idea is that

if the connectors don’t leak at all there should be no
common-mode current, that is, the center conductor
and shield current are equal and opposite, and net flux
picked by the current probe is nil. This is only true

at higher frequencies where the shield path is a more
attractive path than the ground plane beneath it, as
explained by Henry Ott in his seminal 1976 book,
Noise Reduction Techniques in Electronic Systems,* and
demonstrated practically annually at EMC Symposia.

Independent of which adapter is selected, we see
identical behavior from 10 Hz to ~10 kHz, where the
shield starts being the more attractive path.* Ott’s

AUGUST 2021 IN COMPLIANCE

treatment shows the roll-off continuing indefinitely;
here we run into noise floor but we can see that the
good quality SMA-BNC adapter leaks some compared
to the threaded baseline (Figures 7a and 8a versus
Figures 7b and 8b), as low as 100 kHz but almost
10 dB by 1 MHz and likely more at 10 MHz but

we are noise floor limited. The poor quality SMA-
BNC adapter (Figure 8¢) leaks a lot. Comparison of
the degradation near 10 MHz amongst Figures 8a,
8b, and 8c on page 42 show significantly worse
radiated emission performance by BNC connectors
vs. the radiated susceptibility transfer impedance
measurements in Figures 3 and 5.

CONCLUSION

When using coaxial cable as part of the radiated
emission measurement set-up, BNC connectors
provide quite decent performance compared to
threaded. While this limited set of test data shows
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good performance to 1 GHz, most applications will ENDNOTES
use threaded connectors at UHF. 'The point is that
if an EMI test antenna uses a BNC connector, there
should be no concern, and there is no contradiction

with “The Rule.”

1. The concept of a connector-saver is extremely
valuable for very high cost, low loss cable used at
microwave and millimeter frequencies. There the
connector saver will be a female-to-male SMA
adapter, but the important point is that if you break
or wear out the adapter, the original high $$$
cable is still intact. But given the fragility of SMA

connectors used in a test environment, connector

However, when the coaxial cable is not part of the
measurement system but part of the radiating system
instead (and we wish to minimize radiation that
could be picked up by the measurement system), then
just like the old rule says: above 10 MHz, threaded
connectors are the order of the day. @

savers are a good idea for even everyday cable types
such as LMR-195, or RG-58. Even though the
dollar value associated with the cable is low, if it is
part of a measurement system with calibrated loss
values read into measurement software files, it is
worth preserving that piece of cable.

a‘REFn ElgEgB 1 EEE fa?gészaa'szguﬁ' 2. Henry Ott, Noise Reduction Techniques in Electronic
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Systems, 1976, Wiley-Interscience.

3. 'The low frequency plateau is easily quantified:
15 dBm source (122 dBuV) across 50 Q load at
end of coaxial cable causes a current of 122 dBuV
— 34 dBQ = 88 dBuA. We read that with the

Pearson Model 411 current probe with -26 dBQ
transfer impedance from 1 Hz to 20 MHz

(+/-3 dB), arriving at a reading of 88 dBuA +
-26 dBQ = 62 dBuV. A D
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Figure 8b: Common mode current with SMA-BNC adapter at one end Figure 8c: Ugly common mode current with the “bad” SMA-BNC adapter
of Figure 4



