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STANDING WAVE RATIO MEASUREMENT
INSTRUMENT

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates generally to the measurement
of various electrical parameters associated with the
transmission of radio frequency (RF) power and more
particularly to the measurement of the voltage standing
wave ratio (VSWR) at a selected point along e radio
frequency transmission line. A typical radio frequency
transmission system comprises a transmitter, an an-
tenna, and a transmission line for coupling the transmit-
ter to the antenna. In order to realize maximum power
transfer from the transmitter to the antenna, it is neces-
sary to properly match the impedance of those two
system components. Measurement of the existing impe-
dance match is generally effected by inserting two di-
rectional couplers in the transmission line. One of the
directional couplers develops & voltage Eindicative of
the forward power and the other develops a voltage E,
indicative of the reflected power. The ratio E/E,de-
fines a voltage reflection coefficient p. The voltage
standing wave ratio {(VSWR), a generally employed
indication of the quality of the impedance match, is
defined by the expression FSWR = (1 + p)/(1 — p).

Certain knmown instruments for measuring forward
and reflected power include the capability of measuring
VSWR. However, the measurement of VSWR using
these prior art instruments is cembersome in that to do
so variously requires side calculations, reference level
sctting, multiple meter movements, or conversion no-
mographs.

An improved standing wave ratio measurement in-
strument is described herein in which VSWR is contin-
uously and automatically visually indicated to the user.
In accordance with the illustrated preferred embodi-
ment of the present invention two directional couplers
are employed to produce voltages E-and E, that are
indicalive of the forward power and reflected power,
respectively. Voltages E and E, are applied to analog
circuitry for generation of a voltage or current that is
directly proportional to a parameter known as return
loss (RLzg). Return loss, expressed in decibel units, is
defined by the expression RL,; = 20 log(1/p) = 20
log(E/E,). Return loss is related to VSWR by the ex-
pression RLgg = 20 log((VSWR 4+ 1)/A(VSWR — 1))
An analeg meter scale is calibrated to indicate return
loss in decibel units and/or VSWR directly and contin-
uously, thereby eliminating the requirement, in certain
prior art instruments, of first setting a réference power
level and then actvating a function switch fo obtain an
indication of VEWR.

Other and incidental advantages of this invention will
become apparent to those persons skilled in the art from
an cxamination of the following detailed description
and the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall block diagram of a typical RF
power transmission system illustrating a VSWR mea-
surement instrument in accordance with the preferred
embodiment of the invention.

FIG. 2 is a detailed schematic diagram of the VSWR
measurement instrument of FIG. 1.

FIG. 3is an illustration of a typical meter face includ-
ing return loss, VSWR, and load match efficiency scales
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that may be employed in the VSWR measurement in-
strument of FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is shown a typical RF
power transmission system that includes provision for
measuring VSWR in accordance with the present in-
vention. A source of RF power that may comprise a
transmitter 10 is:coupled to an antenna 20 via a transmis-
sion line 30. A pair of directional couplers 40 and 50 are
inserted along transmission line 30 to provide voltages
E, and Eyindicative of reflected power and forward
power, Tespectively, along transmission line 30. Direc-
tional couplers 40 and 50 may comprise any of a number
of such devices that are commercially available as off-
the-shelf components. The ocutput E, of reflected power
directional coupler 40 is applied to a buffer amplifier 12
that provides a low impedance source for a logarithmic
amplifier I4. The output of log amplifier 14 is a voltage
proportional to the logarithm of the voltage E,. Simi-
larly, the output E,of forward power directional cou-
pler 50 is applied to a buffer amplifier 16 that is in turn
coupled to a logarithmic amplifier 18. By well known
definition, the return loss is related to the voltages E,
and Raccording to the expression RL;; = 20log E/E,.
Therefore RLyp = 20 log E; — 20 log E. It is thus
apparent that the difference of the outputs of log ampli-
fiers 14 and 18 is a voltage or current that is propor-
tional to the return loss RL 45 The outputs of log ampli-
fiers 14 and 18 are therefore applied to a display amphi-
fies 22 that amplifiers the difference of the voltages log
E,and log E/to drive an analog display meter 24. The
current flowing through display meter 24 is propor-
tional to the return loss RL ;. The range or scale factor
of display meter 24 may be set by means of a resistor 26
with known values of E, and Esapplied to the inputs of
buffer amplifiers 12 and 16 corrésponding to a predeter-
mined value of return loss or VSWR. Display meter 24
may contain one or more of the scales shown in FIG. 3,
depending on the user's requirements. In addition to the
display of return loss and YSWR, as discussed herein-
above, display meter 24 ‘may include a scale for the
display of a quantity known as load match efficiency.
As illustrated in FIG. 3, this scale is calibrated in per-
cent, Load match efficiency (LME) in percent is related
to forward power Prand reflected power P, by the
expression LME% = (Pr— P, (100)/P; Load match
efficiency is also related to return loss by the expression
RL 5 = 20 log(100/(100 = LME%))*.

Referring now to FIG. 2, there is shown a detailed
schematic diagram of circuitry for implementing buffer
amplifiers 12 and 16, log amplifiers 14 and 18, and dis-
play amplifier 22 of FIG. 1. Both of the buffer amplifiers
12 and 16 are arranged as voltage followers and may be
constructed by employing a pair of operational amplifi-
ers 28 and 32, such as te RCA CA3130, having 2 high
impedance FET inpuf. A pair of input resistors 34 and
36 serve to set the input impedance and provide bias
current for operational amplifiers 28 and 32. Resistor-
capacitor pairs 38-42 and 44-46 each form a low pass
filter at the input of operational amplifiers 28 and 32.
Capacitors 48 and 52 are employed as compensating
capacitors for operational amplifiers 28 and 32,

Both of the logarithmic amplifiers 14 and 18 may be
constructed by employing, for example, a pair of Fair-
child pAT14 operational amplifiers 54 and 56 connected
in a common configuration. Resistors 58 and 60 scrve as
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input resistors for log amplifiers 14 and 18. A transistor
array 62, which may comprise a RCA CA3M6 device,
is connected to provide two diodes 64 and 66, one of
which is associated with log amplifier 14 and the other
of which is assoctated with log amplifier 18. Since di-
odes 64 and 66 reside within the same circuit package,
they provide temperature tracking for the log amplifiers
14 and 18. A pair of capacitors 68 and 70 serve to com-
pensate the response of operational amplifiers 54 and 56.
A resistor network comprising resistors 72, 74, and 76
provides an offset volitage at the input of -operational
amplifier 54. This offset voltage establishes a guiescent
current through resistor 58 in the absence of an input
voltage. Resistor 76 is adjusted so that the output of log
amplifier 14 is approximately approximately —0.45
volts when the input to buffer amplifier 12 is at ground
potential. A similar resistor network comprising resis-
tors 78, 80, and 82 is similarly employed in connection
with operational amplifier 56. Logarithmic amplifier 18
includes a pair of resistors 84 and 86 to facilitate fine
adjustmenis to the offset voltage applied to operational
amplifier 56 by way of resistors 78, 80, and 82.

In order to initially calibrate the instrument, the in-
puts to buffer amplifiers 12 and 16 are grounded and the
offset voltages at the outputs of log amplifiers 14 and 18
are both adjusted by means of resistors 76, 82, and 84, to
be —0.45 volts. This results in a difference voltage Egy,
at the outputs of log amplifiers 14 and 18, equal to zero.
Following this adjustment of the offset voltages the
range of scale factor of display meter 24 is set in accor-
dance with the procedure outlined hereinabove.

Display amplifier 22 may comprise, for example, a
Fairchild pAT741 operational amplifier 88 arranged in a
common voltage gain amplifier configuration. A resis-
tor 92 limits the current flow through display meter 24
in the event a measurement result exceeds the full scale
indication of display meter 24. A capacitor %4 provides
response compensation for operational amplifier 88. A
diade 96 protects display meter 24 in the event a reverse
meter current results from a particular measurement. A
capacitor 98 merely provides RF bypassing of display
meter 24.

Afier the initial calibration procedure set forth here-
inabove has been completed, the standing wave ratio
measurement instrument will automatically provide a
continuous indication of the parameters for which sepa-
rate scales are provided on display meter 24. As dis-
cussed above, the typical scales provided are those for
indicating return loss, VSWR, and line match effi-
ciency, or any combination thereof desired by the user,
However, other scales may be provided by those per-
sons skilled in the art to indicate additional parameters
that can be expressed as a function of return loss.

It is anticipated that wvarious modifications to the
instrument herein described may be recognized by
those persons skilled in the art while remaining within
the scope of the present invention. For example, analog
display meter 24 may be replaced with a display means
for digitally indicating various measurement parameters
to the user. '

I claim:

L In a radio frequency power transmission system in
which radio frequency power i1s transferred from a
source to a load via a transmission line, the combination
comprising:

directional coupler means connected along the trans-

mission line for producing a first voltage indicative
of the forward power conveyed by the transmis-
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sion line and for producing a second voltage indic-
ative of the reflected power conveyed by the trans-
mission line;

logarithmic amplifier means for receiving the first

and second voltages and for producing a third
voltage that is proportional to the difference be-
tween the logarithm of the first voltage and the
logarithm of the second voltage; and

analog display means connected to the logarithmic

amplifier means for receiving the third voltage and
for providing a visual indication of return loss to
the user. :

2. In a radio frequency power transmission system as
in claim 1, the combination further comprising buffer
amplifier means connected between the directional cou-
pler means and the logarithmic amplifier means for
praviding a low impedance source for driving the loga-
rithmic amplifier means.

3. In a radio frequency power transmission system as
in claim 2 wherein the analog display means includes a2
display amplifier for amplifying the third voltage.

4. In a radio frequency power transmission system in
which radio frequency power is transferred from a
source to a load via a transmission line, the combination
comprising:

directional coupler means connected along the trans-

mission line for producing a first voltage indicative
of the forward power conveyed by the transmis-
sion line and for producing a second voltage indic-
ative of the reflected power conveyed by the trans-
mission lines;

logarithmic amplifier means for receiving the first

and second voltages and for producing a thicd
voltage that is proportional to the difference be-
tween the logarithm of the first voltage and the
logarithm of the second voltage; and

analog display means connected to the logarithmic

amplifier means for receiving the third voltage and
for providing a visual indication of voltage stand-
ing wave ratio (VSWR) to the user.

5. In a radio frequency power transmission system in
which radio frequency power is transferred from- a
source to a load via a transmission line, the combination
comprising:

directional coupler means connected along the trans-

mission line for producing a first voltage indicative
of the forward power conveyed by the transmis-
sion line and for producing a second voltage indic-
ative of the reflected power conveyed by the trans-
mission ling;

logarithmic amplifier means for receiving the first

and second voltages and for producing a third
voltage that is proportional to the difference be-
tween the logarithm of the first voltage and the
logarithm of the second voltage; and

analog display means connected to the logarithmic

amplifier means for receiving the third voltage and
for providing a visual indication of load match
efficiency in percent to the user.

6. An analog instrument for measuring the quality of
the match between a transmitter and a load coupled
thereto by a transmission line, the instrument compris-
ing: i

%ogarithmtc amplifier means for receiving a first volt-

age E indicative of the forward power conveyed
by the transmission line, for receiving a second
voltage E, indicative of the reflected power con-
veyed by the transmission line, and for producing a
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third voltage that is proportional to the logarithm - apalog display means also provides a visual indication of

of (E/E,); and L return loss.
e L B. An amalog instrument as in claim 6 wherein the

amplifier means for receiving the third voltage and , . L ey
for providing a visual indication of voltage stand- $ analog display means also provides a visual indication of

ing wave ratio (VSWR) to the user. load match efficiency in percent.
7. An analog instrument as in claim 6 wherein the L LAUEEL T

Standing Wave Ratio Measurement Instrument.
Virgil G Leenerts
US Pat. # 4110685, Aug. 29th 1978, Filed Nov. 1st 1976.

Abstract: The output voltages produced by two directional couplers are applied to analog circuitry
for generating a voltage that is directly proportional to return loss. An analog meter scale is
calibrated to indicate return loss in decibels and/or VSWR directly.
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