Automatic Tuning of Antennae

The impedance of « transmitting antenna varies consider-
ably with frequency and environment. To maintain maximam
transfer of power a transmitter must be matched into rhis
varying impedance. A network used for this purpose is con-
ventionally referred to as an * Antenna Tuner'. Thiy article
describes a technique for automatically adjusting the three
components of a pi-network antenna tuner.

In an automatic tuner the tuning elements are adjusted by
a4 motor (or some other actuator) by amounts which depend
on the relationships between vurious voltages and “currents
in the tuning network. The way in which tuning information
is derived from measurements and the way the results of
these measurements are applied are important; they must be
correctly chosen to ensure that automatic tuning is always
successful.

In the -5 to 3OMHz radio band the resistive component
of a “typical” antenna impedance can vary between 3 and
20000 and the reactive componznt between — 2,500 and
+ 5000} the antenna may have u Q of 500. The vutput imped-
ance of a transmitter may be typically either 50 or 759

A single L network can deal with the range of impedance
involved provided that the input und outbut can be inter-
changed by switching, but for technical reasons it is better
not to do this. In. practice it is best to use o pi contiguration
(Figure 1) in which one or the other capacitor is adjusted
to be as near uas possible 1o zero capacitance. Resonance
effects can create very high voltages in antenna tuners. but
using this type of network not only are these voltages mini-
mized but the LC configuration provides low pass filtering
of any harmonics from the transmitter.
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Fig. 1. Pi netwaork,

The impedance transformation of each element in the pi-
network is indicated in Figure 2. Capacitor C. transforms the
antenna impedance 7, along a circle of constant con-
ductance to Zi. The inductance L transforms Zy to Z, along
a line of constant resistance and capacitor C, changes Z, along
a circle of constant conductance to the matched impedance
ZH!-

Although a pi-network is simple and effective, it is difficult
to adjust not only because the effects of the component
values (and therefore their adjustment) are interdependent,
but also because an infinity of sets of component values can
match a particular pair of impedances, each set having a
different value of loaded circuit Q. Thus, if the stunding wave
ratio (SWR) on the line connecting the antenna tuning unit
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Fig. 2. Impedance transformation.

(ATU) to the transmitter is used as a tuning indicator the
ATU might be adjusted tincorrectly) to match all the trans-
mitter power to the loss resistance of the inductance instead
of to the antenna. Even if antenna currents and voltages are
also used it is a lengthy process to ensure that the pi-network
is adjusted correctly. ldeally indicators used for automatic
tuning should show unambiguously which circuit element
needs to be adjusted and in which direction, and should in-
dicate when each element has been adjusted well enough. So
fur as possible, indicators should be independent of the output
power of the transmitter: this enables adjustments to be
made either at low power levels or during transmission when
(particularly for single sideband working) the output power
can vary rapidly.

In the system described here, specially developed power
independent detectors compare the voltages and currents at
various parts of the network in a way which enables each
element in the network to be adjusted unambiguously. Three
kinds of detectors are needed; phase detectors to indicate
the sign of the phase difference, resistive match indi-
cators to show whether the resistive component of an im-
pedance is above or below a desired value and conductance
match indicators to show whether the conductive component
of an admittance is above or below a desired value.

The method developed for tuning the pi-network auto-
matically is indicated dingrammatically in Figue 3. This
relates to a 50(! transmission line and an SWR of 1:2:1.
The network is adjusted as follows:

Adjustment of C. (Figure 3a)

Af the reactance of Zy (see Figure 1) is positive {i.e. induc-
tive} and its conductance less than 22-5 milli-Siemens, or if
the reactance is negative (i.e. capacitive) and the resistance
is greater than 56(), C, is increased.

If the reactance is negative and the resistunce less than
458, or if the conductance is greater than 22:5 mS, C, is
decreased. (In this process C,. may reach zero).

If the reactance is negative and the resistance is between
45 and 56, C. is not altered.

For the adjustment of C, one phase indicator together with
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Adjustment of C..

Fig 3a.

one conductance and two resistance match indicators are
needed: these operate on V., and 1, in Figure 1.

Adjustment of L (Figure 3b)

Firstly C. (see Figure 1) is adjusted (by which time the
resistive component of Z; will be less than 50L2),

If the reactince of Z, is negative or if ity reactunce is
positive and with a conductance greater than 225 mS.
L. is increased. If the reactance is positive and the con-
ductance less than 17-5 mS, L is reduced. If the reactance
is positive and the conductance is between 17-5 and 22-5 mS,
L is not altered.
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Fig. 3b.  Adjusiment of L.

For the adjustment of 1., one phase indicator and two con-
ductance match indicators are needed: these operate on WV,
and L in Figure |,
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Adjustment of C, (Figure 3¢)

First C, and L are adjusted (by which time the conductive
component of Z, (see Figure 1} will lie between 17-5 and
22:5 mS).

If the phase angle of Z, is greater than +7° C, is
increased. If the phase is less than —77, C is decreased.
If the phase angle is between +7 and —77, €, is not
altered.

For the adjustment of C, two phase detectors are needed;
these operate on V,, and L.

s LTSS
17.Emie” INF:RI:ASE/C':7 ////

a b N LSS

= 2 A KUK /

z b o g

ay /12 5ms

5 f/ S

0 ey +? -

& o RESISTIVE

o © COMPOMNENT (11)

-7°

wl

>

5

0 25

-2

o 2R Zm WILL NORMALLY LIE BETWEEN

DECREASE ¢, "\ THESE TWO CIRCLES AFTER (
HAS BEEN CORRECTLY ADJUSTED

LI R R S

Fig. 3e. Adjustment of C.. Impedances lying within the
dotted circles will match 500 with a VSWR of less than
1-2: 1

Although C., L. and C. must be adjusted in that order, each
adjustment does not affect the settings for the others; the
measurements which define the adjustment of each element
were deliberately chosen to meet this requirement.

The adjustments are made automatically and rapidly during
the tranmission of any form of modulation and can deal with
sudden changes of antenna impedance which result from a
change of frequency or of antenna location. Although de-
signed for mobile transmitiers operating in the h.f. band the
technigue can be applied at other frequencies and with fixed
antennae.

This paper hax been reprinted from the Mullard Research
Lahoratories Annual Review, 1973,



