VOLTAGE STANDING WAVE RATIO (VSWR) / REFLECTION COEFFICIENT
RETURN LOSS/MISMATCH LOSS

When atransmission lineisterminated with an impedance, Z, , that is not equal to the characteristic impedance of
thetransmissionline, Z, not all of the incident power is absorbed by the termination. Part of the power is reflected back
so that phase addition and subtraction of the incident and reflected waves creates a voltage standing wave pattern on the
transmission line. Theratio of the maximum to minimum voltage is known as the Voltage Standing Wave Ratio (VSWR)
and successive maxima and minima are spaced by 180° (A/2).

E E +E whee E = maximum voltage on the standing wave
VSV\R _ max _ | r max o ’
E E -E Enn = minimum voltage on the standing wave
mn T E; = incident voltage wave amplitude
E = reflected voltage wave amplitude

Thereflection coefficient, p, is defined as E,/E; and in general, the termination is complex in value, so that p will
be a complex number.
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Additiondly wedefine ' = _L__9 The refection coefficient, p, is the absolute value of the magnitude of T
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L 0
If the equation for VSWR is solved for the reflection coefficient, it is found that:
Reflection _ p =T = VOMR-1  consequently, vaaR = 1P
Coefficient VIMR+1 1-p
The return lossis related through the following equations: vSWRI Return | % Power/ | Reflection | Mismatch
Return | Er i VOAR-1] Loss (dB) | Voltage Loss | Coefficient | Loss (dB)
Loss - 10 log =] = -20 log —]— -20 IO%V_S“F\MI] = ~20 logp 1 o 0/0 0 0.000
r i 1.15 23.1 0.49/7.0 0.07 021
1.25 19.1 1.2/11.1 0.111 .054
Return loss is ameasure in dB of the ratio of power in the incident || 12 14.0 4.0/20.0 0.200 7
. ) 1.75 11.3 7.4/27.3 0.273 336
wavetothat in the reflected wave, and as defined above dwayshasa || 1 10.0 96/316 0316 458
positivevalue. For exampleif aload has a Return Loss of 10 dB, then || 2.0 9.5 11.1/33.3 0.333 512
. ; ; 2.5 7.4 18.2/42.9 0.429 880
1/10 of the |.n01dent power isreflected. The higher the return loss, the 20 60 o2 1 750.0 0.500 1o
less power is actualy lost. 35 5.1 30.9/55.5 0.555 1.6
4.0 4.4 36.3/60.0 0.600 1.94
Also of considerable interest is the Mismatch Loss. Thisisameasure || 22 2| prese | e >
of how much the transmitted power is attenuated due to reflection. It || 1o 17 | 6767818 | o818 4.81
is given by the following equation: 20 0.87 81.9/90.5 0.905 7.4
100 0.17 96.2/98.0 0.980 14.1
o .000 100 / 100 1.00 o

Mismatch Loss=-101log ( 1 -p?)
* Divide % Voltage loss by 100 to obtain p (reflection coefficient)

For example, an antennawith aVSWR of 2:1 would have areflection coefficient of 0.333, a mismatch loss of 0.51 dB, and
areturn loss of 9.54 dB (11% of your transmitter power is reflected back). In some systems thisis not atrivial amount and
points to the need for components with low VSWR.

If 1000 watts (60 dBm/30 dBW) is applied to this antenna, the return loss would be 9.54 dB. Therefore, 111.1 watts would
be reflected and 888.9 watts (59.488 dBm/29.488 dBW) would be transmitted, so the mismatch loss would be 0.512 dB.
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VSWR. Transmission lines should have their insertion loss (attenuation) measured in lieu of VSWR, but VSWR
measurements of transmission lines are still important because connection problems usually show up as VSWR spikes.

Higtoricaly VSWR was measured by probing the transmission line. From the ratio of the maximum to minimum
voltage, the reflection coefficient and terminating impedance could be calculated. This was atime consuming process since
the measurement was at asingle frequency and mechanical adjustments had to be made to minimize coupling into circuits.
Problems with detector characteristics also made the process less accurate. The modern network analyzer system sweeps
very large frequency bandwidths and measures the incident power, P, and the reflected power, P, . Because of the
considerable computing power in the network analyzer, thereturn loss is calculated from the equation given previously, and
displayed in real time. Optionally, the VSWR can aso be calculated from the return loss and displayed real time.

If afilter isneeded on the output of ajammer, it isdesirableto place it approximately half way between the jammer
and antenna. This may allow the use of aless expensivefilter, or areflective filter vs an absorptive filter.

Specid cases exist when comparing open and shorted circuits. These two conditions result in the same © VSWR
and zero dB return loss even though there is a 180° phase difference between the reflection coefficients. These two
conditions are used to calibrate a network analyzer.

6-2.2



