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Licetrically small loop antennas are
Pused where medium and high fre-
‘quoncy radio  transmission s
Jrequtred using an antenna having @
‘munimum volume. The small electni-
rcal size ol the antenna leads to a
irclatively large reactive input impe-
cdance which 1s equalised with a
cmatching netvork so that the cffi-
coteney of the transmission system is
!nmimiscd. Generally., the matching
‘netvork is designed to operate at
irnun;muc but trequently the trans-
imitted signal spectrum requires the

and matching ncetwork

fantenna
characteristics to be known over a
range of freguencies centred on the
resonant frequeney. For example,
the varnation of the network output
impedance with trequencey can affect
the operation of either the receiver
or the transmitter.

The overall frequencey response of
e transmission system is also of
mterest particularly for  digital
transmussion in which the intersym-
ibol interterence s influcnee d by the
amphitude and phase ot the transmis-
ston transfer tunction.

This paper presents a computer
program which analyses an clectn-
cally small loop antenna having a
capacitive matching neivwork. The
program is written in i1.P. Basic for a
dAcwlett Packard 9830A  desk-top
caleulator and the results are dis-
plaved graphically on a Hewlett Pac-

The authors a-e with the Electronics Division of the
Chamber of Mines of South Africa Research Organ-
isgtior

kurd 862 A plotter. The parameters

of interest are the magnitude and

phase of:

(a) the matching network
impedance (Z;).

(b) the antenna current in
“transit mode™ (1,).

(¢) the output voltage of the match-
ing network in the “receive
mode™ (V).
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Small loop antenna analysis:
computer program

B. A. Bowles and C. W. P. Attwell present a computer program which analyses an
electrically small loop antenna having a capacitive matching network

with a matching network having up
to three matching components s
shown in Figure 1. Expressions tor
the parameters of interest have been
derived previously® by the authors
and are given by Equations 1. 2. 3.

The computer program

The computer program is listed in
the Appendix and has five main sce-
tions. these being.

The equivalent circuit (a) input of plotting parameters.
Smith' has shown that the most | (b) input of the component values,
efficicnt matching network for an | (¢) the choice of the requred func-
clectrically small loop antenna con- tion to be plotted.
sists only of capacitors. The equival- | (d) routines which analvse the func-
ent circuit for the antenna together tion.
I3
1 Zotils (I")

V.,  {Z+R(Za= YO +jl(Zo+ R(Li+ Y H Zo+i 24}

Voo Y, [Z3= Y, +)R(Z+Y))] ) )
v, Y. +jY- [Ru(Za= Y )+ 2 )= j[RUAZe+ Yo)+ 2y
4 = —Ztif _ _R4x, 3)
(Z5=Y)+35(Zs+Y2)
where Z, = 1-o'L(C,+Cyp) Z, = wR(C,+C,)
2y = —w?C,C,R L, = wCy(l —’LC))
Le = 1-w’LC, Z; = wC,R
) Y, = wCyZ, Y, = wCyZ,
Y, = I-w?LC, Y: = w(,R
Y; = G C =G +.§2_C3_
C2+C3 Cs + Cg
w = 27f

R, = Ry (transmit mode)*
R, = R; (receive mode)

Fig. 1: A capacitive matching network for an electronically small loop antenna.
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can specify the parameters

components.

An example

works

lowing values:

(a) R, =5004Q
(b} R, = 50Q
(¢c) R, = 40

R, is then given by:

(¢) output of the results to the plot-
ting unit.
In the first three sections the user

he

requires using the keyboard when
prompted by requests on the display.

When a particular function plot
has been completed the user can
elect 1o continue on the same diag-
ram cither, another function. or the
same function but with different

The computer program was used
to plot the input impedance with
frequency for three matching net-
having a resistive output
impedance at resonance with the fol-

The component values were calcu-
lated by ignoring C, and the reactive
component of the output impedance;

_(@atLy Yo,
- () () @

Fig. 2. Plot of impedance phase against frequency for different output impedances

H-phase

where:

fo = the resonant frequency.

The resonance condition is given by:

[(rtyL] = C+ 4 (5)
Co+Cy

Hence the values of C, and Cy can be
found by solving equations (4) and
(5).

The antenna under consideration
is required to be resonant at
913 kHz and has the following

parameters,
L =214uld
R=1230Q

The calculated component values
are:

(a) C; = 1.78 nF. Cy = 7.04 nF
(b)y C, = 1.52nF; C3 = 2230 nF
(¢) Co = 1.45 nF; (5 = 78.60'nF

The results are presented in Figure
2 with the frequency axis normalised
to 913 kHz. Two items are of par-
ticular interest, these being that zero
always occurs below  the
resonant frequency and also that
zero phase never occurs for R = 4 ().

This type of martching network is
therefore unsuitable for obtaining a
low resistive output impedance with
the antenna under consideration.

Conclusion

A computer program has been
presented to analyse an electrically
small loop antenna together with a
capacitive matching network.

The program can be used to com-
pare various types of matching
arrangements and to derive the fre-
quency response of a particular
transmission  system assuming the
attenuation of the transmussion
medium is known. i

The program listing referred to in
the text can be obtained by circl-
ing RES number ............. 250
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