
W hen working with higher
frequencies, such as those
in the MMDS, ISM,
WCS and UNII bands,

it becomes obvious that high-quality low-
loss cable is necessary to adhere
to loss budgets. The connector,
however, is often overlooked.
In many cases, the designer is
satisfied if he finds a connector
of the proper interface that
physically fits onto the cable
that he intends to use.

A cable assembly is basically
only as good as its weakest
link. Impedance uniformity
across a cable assembly is
paramount in the efficient
transmission of radio frequen-
cy (RF) energy. The time and
money spent on high-quality
low-loss cable can be wasted if
there are large impedance mis-
matches within the connector,
at the connector-cable inter-
face and at the connector-
device interface.

Uniform Impedance 
and VSWR
Ideally, the RF connector has
uniform impedance across its
entire electrical path and a
voltage standing wave ratio
(VSWR) of 1.00:1. The VSWR
value of a connector is the
expression of the percentage of

the input signal that is reflected back toward
the source because of impedance mismatch-
es within the connector. This VSWR value
can also be used to express the percentage
of reflected signal across an entire assembly.

Uniform impedance across the connec-
tor, the cable and the connector-cable
interface allows the input signal of an RF
transmission line to be efficiently trans-
mitted to the output. In this case, reflec-

tions created by impedance
mismatches are nonexistent
and the losses across the
assembly length are strictly
a function of the resistance
of the conductors, the elec-
trical properties of the
dielectric and the shielding
of the cable. Connectors
with greater impedance mis-
matches have higher VSWR
values associated with them.
These VSWR values can be
directly correlated with a
value called mismatch loss
(see Table 1).

The overall insertion loss
for an assembly can be fig-
ured by calculating the the-
oretical attenuation of the
assembly, and then adding
all of the mismatch losses
that would be associated
with the assembly (i.e. cable,
forward connector and aft
connector). This calculated
figure is a worst-case value. It
would become reality only if
the peaks of the incident
wave and all of the reflect-
ed waves were in phase with
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Table 1. Return loss (dB) vs. VSWR.

VSWR (:1) Return Reflection Mismatch Match
loss (dB) coefficient loss (dB) efficiency (%)

1.011 45 0.006 0.000 100.00

1.020 40 0.010 0.000 99.99

1.036 35 0.018 0.001 99.97

1.065 30 0.032 0.004 99.90

1.074 29 0.035 0.005 99.87

1.08 28 0.040 0.007 99.84

1.09 27 0.045 0.009 99.80

1.11 26 0.050 0.011 99.75

1.12 25 0.056 0.014 99.68

1.13 24 0.063 0.017 99.60

1.15 23 0.071 0.022 99.50

1.17 22 0.079 0.027 99.37

1.20 21 0.089 0.035 99.21

1.22 20 0.100 0.044 99.00

1.25 19 0.112 0.055 98.74

1.29 18 0.126 0.069 98.42

1.33 17 0.141 0.088 98.00

1.38 16 0.158 0.110 97.49

1.43 15 0.178 0.140 96.84

1.50 14 0.200 0.176 96.02

1.58 13 0.224 0.223 94.99

1.67 12 0.251 0.283 93.69

1.78 11 0.282 0.359 92.06

1.92 10 0.316 0.458 90.00

2.10 9 0.355 0.584 87.41

2.32 8 0.398 0.749 84.15

2.61 7 0.447 0.967 80.05

3.01 6 0.501 1.256 74.88

3.57 5 0.562 1.651 68.38

4.42 4 0.631 2.205 60.19

5.85 3 0.708 3.021 49.88
continued on p. 22
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each other. This is possible, but unlikely.
However, it is almost certain that the over-
all insertion loss of the assembly will
increase as the reflections caused by imped-
ance mismatches along its length increase.

A perfect connector with a 1.00:1 VSWR
is not economically viable. Line size transi-
tions take place within the connector.
Many variables are involved in optimizing
these line size transitions. An abrupt tran-
sition may work well at lower frequencies
but this transition in impedance must be
compensated for when working at higher
frequencies. This is not an exact science.

An experienced connector designer
can use time domain reflectometry
(TDR) to map the impedance mis-
matches across the connector. He can
then improve the impedance uniformi-
ty across the connector. The art in
doing this is not simply finding a way
to properly compensate the connector,
but doing it in such a way that it can be
produced economically.

Performance vs. Design
Figure 1 shows the electrical performance
of three 50 Ω, flexible coaxial cable assem-
blies. The cable used in the demonstration
is TMS LMR-400. The assemblies are the
same length and terminated with the same
interfaces. Each assembly is terminated
with connectors from a different manufac-

turer, and each of the connectors was built
and marketed for LMR cable. Because each
of the assemblies was built from the same
lot of cable and terminated by the same
person under the same conditions, the
steadily increasing VSWR with frequency
of the assemblies of manufacturer #1 and
manufacturer #2 can be attributed to reflec-

tions because of impedance mismatches
within the connectors. These three curves
demonstrate how the size and material
transitions within a particular connector
design may be compensated to perform
well in increasingly higher frequencies.

Looking at the insertion loss curves for
the three assemblies, it can be seen that there
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Figure 1. Electrical performance vs. connector design of three LMR-400 assemblies.
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is a wide discrepancy in the actual insertion
loss of the assemblies. None of this variation
is because of the cable. In comparing the
two graphs, it can be seen that the points at
which the assemblies exceed the theoreti-
cal linear loss curve correlate to points of
high VSWR. This higher loss is due to the
decreased efficiency of the transmission line
(i.e., a higher percentage of the incident sig-
nal is being reflected at the connectors and
not reaching the device to which the assem-
bly is terminated.)

Figure 2 shows the electrical performance
of three larger 50 m, flexible coaxial cable
assemblies, TMS LMR-600. These are also
the same length, terminated with the same
interfaces and built with connectors sup-
plied by the same manufacturers as in Fig-
ure 1. The scale on the VSWR actually had
to be altered because the reflections with-
in the assemblies of manufacturer #1 and
manufacturer #2 became so great with the
increase in frequency. In examining the

insertion loss curves, there is a frequency
(roughly, 6.0 GHz) where these assemblies
basically cease to function as a transmission
line for all practical purposes.

Broadband Performance
It becomes increasingly difficult with con-
nectors as with cable to design, build and
maintain the tight process controls that are
necessary to achieve a high level of perfor-
mance over a broad frequency band. This
is especially as the frequencies climb well
beyond the 1.0 GHz level, such as in the
5.8 GHz ISM band. Though it is possible
to optimize connectors to perform well in
certain bands, it is rarely viable from an
economic standpoint.

Most connectors are rated for broad-
band performance to a specific maximum
frequency. Unfortunately, most manufac-
turers of RF connectors have not been able
to keep up with the improvements that
would be necessary to obtain reasonably

good performance at 3.7 or 5.8 GHz,
never mind optimal performance. As little
as three years ago, most data applications
were operating below 1.0 GHz, and as
recently as two years ago, most applications
were operating below 2.0 GHz.

It is these cellular and personal commu-
nications service (PCS) bands for which
most connectors were designed. Someone
working in these bands could basically pull
any connector off of a shelf and it would be
a pretty safe bet that the performance
would at least be respectable. Most con-
nector manufacturers were slow to under-
stand that a connector that was sufficient
in a PCS application at 2.0 GHz may not
meet the requirements for a 2.4 GHz appli-
cation in the ISM band.

The proliferation of data applications in
the ISM bands has placed certain demands
on connector performance. These bands
are unlicensed and, therefore, the Federal
Communications Commission has placed

power limitations on transmissions in
these bands. The need to be assured that
there is a sufficient transmit signal but at
the same time make sure that the transmit
power never exceeds the maximum allow-
able has, in many cases, created a demand
for low-loss cable assemblies that are con-
sistent and predictable in their perfor-
mance. The nature of data transmission
itself has also pushed systems to reduce
noise levels to their absolute minimum.
The best way to do this is to minimize the
power levels of the system and, hence, the
need for low-loss cable and, just as impor-
tantly, low-loss assemblies. As an added
challenge, some of these systems are now
operating in the 5.8 GHz band.

Conclusion
As the frequencies of new wireless applica-
tions continue to rise and the performance
requirements become increasingly demand-
ing, the connectors must be looked at close-
ly. There are mechanical variables that affect
overall electrical performance of the cable
assembly or feeder run. Also, each connec-
tor has its own impedance characteristics
similar to a fingerprint. These various
designs are associated with different VSWR
values at a given frequency and, in some
cases, may have a significant impact on the
overall insertion loss of an RF assembly. ✓
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Figure 2. Electrical performance vs. connector design of three LMR-600 assemblies.
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