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TECHNICAL SUMMARY

This report presents a comparison of the three
capacitive matching networks most commonly used with
electrically small loop antennas. The three networks
are considered as special cases of a universal capa—z
citive matching network which together with the an-
tenna is analysed by means of a desk-top calculator.
Graphical plots of the important parameters indicate
the simple series tuned circuit to have many impor-
tant advantages. Furthermore, narrowband radio fre-
quency modulation techniques are shown to be desire-
able since the antenna gain and selectivity increase
with antenna Q factor and hence causes a reduction
of bandwidth.
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introduction

Electrically small loop antennas are used where
medium and high frequency radio transmission is re-
guired using an antenna having a minimum volume. These
antennas are suited tp underground mining situations and
are being used for voice, telemetry and remote control
applications. However, the small electrical size of the
antenna leads to a relatively large reactive input im-
pedance which is equalised with a matching network in
order to optimise the efficiency of the transmission
system. Generally, the matching network is designed to
operate at resonance but frequently the transmitted sig-
nal spectrum reguires the antenna and matching network
characteristics to be known over a range of frequencies
centred on the resonant frequency. This is of particular
interest for the transmission of digital telemetry data.

This report presents an analysis of an antenna and
matching network system in order to assist in the design
of such a system. The analysis is extended to the three
capacitive matching networks most commonly used with
eiectrically small loop antennas whose properties are com-
pared to establish which is the most suitable. Use is made
of a desk-top calculator to perform the calculations and
piot the results and the program developed is listed in the

Appendix.

A universal capacitive matching network

Most matching networks use the simple two element "L
circuit" which can transform a large range of load impe-
dances to a real input impedance. The eight forms of this
circuit consist of various combinations of inductors and
capacitors and have been examined by P.H. Smithl, who pre-
sented a series of graphs to enable the components to be
selected. However, G.S. Smithz, has shown that the most
¢ificient coupling networks for an inductive antenna con-
bisle On.y of capacitors and a network which incorporates
&li tné various capacitive matching circuits is shown in

Ty e - -
SLiYgure a.

Crrcuit anaiyvsis

Three casesz o0f the network in Figure 1 are of import-

ance, these are:
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(&) C1 = 0
(B) C3 = 0
y = - =

The matching networks corresponding to the above
are denoted by (A), (B) and (C) and it is evident that
{(A) and (B) are two of the eight forms of "L circuits".
Network (C) has not been considered by P.H. Smith but
it will be instructive to analyse this series tuned
circuit since it has many advantages. Generally, a
matching transformer is used with (C) since its in-
put impedance at resonance is low. However, the trans-
former will be omitted for the present calculations
since its only effect is to change the magnitudes of

the source impedance and source voltage to the equiva-
lent values shown in Figure 1.

When the antenna is in the receiving mode,RT is the
ioad impedance (RL) "seen" by the matching network, v,
18 the induced voltage and Vs is zero. In the transmit
mode V1 is zeru and Re, is equal to the source impedance

Fow b
‘\KS,‘ M

The most important parameters 1in a matching network
are thne magnitude and phase of the antenna current (IA),
the ioaded output voltaqe\VL)and the input impedance

\Z. /. Each of these is derived in the Appendix and can
be expressed by the following equations:
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The selection of the matching network components

Graphs, which enable the matching components to be
selected when the magnitude of the antenna impedance
is of the same order as the terminal impedance, have
been presented previously by P.H. Smithl. However,
when the antenna resistance is a small fraction of the

required terminal impedance, other methods of selection
are necessary.

(14)

(15)

(16)
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For matching network (A) the component selection
procedure is done in two steps. The first step re-
quires the antenna loss (R), antenna inductance (L)
and antenna capacitance (Cl) to be known together with
the required output impedance at resonance (fo). The
network output impedance at (fo) can be derived from
equation (3), which becomes:

; \2 2
\2TEL ,\ €. g (4)
R c, + ¢, jenE C
c,cp -
1%2

where C = C3 i1+

{
L C3(Cl + Cz) J

For many applications the reactive term can be ignored
and the output impedance becomes:

, V2 2
3 2 fOL; o4

i 2 -
S ' \&o T+ c3) = Ry (5)

The second_step in the selection of C, and C4 makes use
of the resonance equation, that is,

-4
CECB

L&Zﬁrc’, L= C}. - wéz—:—c—; = Cr (6)

Hence the vaiues of C2 and C3 can be found by solving

equations (5 and (9} .

The component selection for matching network (B) uses
the variation of the effective inductance (Le) and loss (Re)
of a parallel tuned circuit. As the frequency approaches
resonance both L and R, increase. The component values

are selected such that R, equals the desired output re-
sistance and C2 is chosen to resonate the resulting value

of Le. The selection of C1 and 02 is therefore done in

cnree steps. The first step requires R,L, £ and R to be



known: and hence Cl is solved using:

R (7)

) 2
114+ @nE iR

R
°© " [1 - (2nf)%Lc

The value for 51 is easily calculated by using a
computer to plot Ro against Cl. It should be noted
that C,; inciudes the antenna self.capacitance.

The second step evaluates L from:

2
1

L {1 - (amfy? ney] - R
=

L =
e e =2 2 (8)
[ 1 (2ﬂ¢o) LCy " + (anOClR)
The third part resonates L with C, and hence:
3 (9)

[ o]

(2r£y) < L,

The selection of the components for matching network
(C) requires the effective antenna inductance (Le) and
1LOS5S (Re} to Ze known, whereupon, C, is chosen to re-
sonate with (;&) and the value for (Re) determines the
turns ratio for the matching transformer.

Basic properties of various ca acitive matching networks
8 O Vario ap. =1 V¢

1n this section the magnitude and phase of the an-
tenna current, loaded output voltage and input impedance
are compared rfor the three matching networks under con-
sideration tc establish the most suitable network. The
networks are analysed using'the computer program which is
iisted in Appendix 9.4. The program is written in H.P.
sasic for a hHewlett-Packard desk-top calculator (9830a) .
The results are drawn by means of a Hewlett Packard plotter

{930624) .
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The network components (Cl, C,» C3)

The procedures outlined in the previous section
were used to calculate Cl, C,, and Cs, for each of
the matching networks to resonate an antenna at 913 kHz.

The output impedance required from (a) and (B) is
50 {0 and from (C) 1,23 (, which is equal to the loss
resistance (R) of a particular antenna having an in-
ductance of 21,4 uwH; the antenna is assumed to have
no self capacitance. Hence the antenna Q factor %L
is 100.

(A) C1 0:C, = 1,52 nF; C3 = 22,30 nF

]

(B) Cl 1,20 nF; C2 = 221 pF; C3 = 0.

(¢) ¢, = 0; C, = 1,419 nF; C, = O.

1 2 3

The normalised antenna current(IA)

The variation of the antenna current with normalised

frequency ( §-=913 kHz) for the three networks when
c

driven by matched source impedance is shown in Figure 2.
The curves for networks (B) and (C) have identical shapes
although (C) is displaced 16 dB above (B). This result
is not surprising since no matching transformer is used
with (C) which has an input resistance (Ri) at re-
sonance of 1,23 {i. If all the input power is dissipated
in the antenna resistance (R), and 2, at resonance is

purely resistive then:

v
-

<

®. - a R

T/ eeecene
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Hence for identical antennas and voltage
sources the ratio of the resonant currents in (B)
and {(C) are:

I3

R, (B) %
§;(C)/

which, expressed logarithmically is equal to 16,1dB;
which is the diiference between the two responses

in Figure 2.

Network (C) with a perfect matching transformer
therefore produces an equivalent maximum antenna
current as in (A) and (B) . However, the frequency
response using network (A) is not quite the same,
peing displaced to a lower frequency range. & factor
common to all curves is that the frequency difference
at the 3 dB poants (f2 - fl) is given by half the an-
tenna Q@ factor, i.e.

2f
£, -5 % g

The =pove relationship holds only for a source impe-

dance equal to the matching network input impedance
ac the desired resonant frequency. The effect of
other values of source impedance is treated later in

this report.

the normaligea loaded output voltage &YQ\
' v./
i

7he shape and position relative to the freguency axis

{ the normal:.sed output voltage frequency characteristics

Q

cor recworks (B) and (C) are identical to those in Figure

[

2 if Ry = Ry The shape of the characteristic for net-
work (&) is also the same as that in Figure 2 but the
maximum output is 16 dB iess than (B) or (C). This is
due to the difference of terminal impedances, since no
matching transformer is used for the calculations. Again,
che response from (A) is shifted to a lower frequency
range than either (B) or {(C) and the bandwidth of all

chree is determined by Q/2.
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Electrically small, antennas therefore exhibit the
property that the system gain and selectivity can be
controlied by means of the antenna ¢ factor.

The effect ¢f Q on the system output can be de-
duced easily if it is assumed that each network trans-
fers the same input power to the load. Using these con-
siderations then I, and V, are each proportional to Q;E
and for identical receiving and transmitting antennas

the total system voltage gain is proportional to Q.

The frequency response of (A) and (B) over a wide
fregquency range is shown in Figure.3. The response from
{C) 1s not shown since it is identical to (B). It is
apparent that (A) exhibits more outband attenuation than
{B; above the rescnant frequency but below the resonant
frequency (B} is supsrior. For receiver applications
these points are important since the noise performance of
the system is infiuenced by the matching network selecti-
vity.

The 1deal frequency responses optained for IA and VI
d

imply that EA anc VL are the reciprocals of each other when
the terminal impedances are the same. Complete reciprocity
also requires the phase responses to be identical and this
has been found to be true. The phase response for (A) and
(B) is shown in Figure 4. The phase response of (b) is
identical to that of (C). The phase response for all three
networks is linear over the system bandwidth which indicates
that these antennas should give good performance in digital

Transmission systems.
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The input impedance (Zi)

The variation of Zi with frequency for (A) and
(B} and for (C) with a perfect matching transformer
is shown in Figure 5, the phase responses are shown
in Figure 6. It is apparent that (B) and (C) are
similar since the impedance increases for frequencies
away from resonance while the impedance for (A) de-
creases. An extended plot reveals that although (B)
and (C) are similar within the system bandwidth, the
difference between the twc increases as the frequency

deviates further from resonance., The phase responses

for (B} and (C} are also different, both being capa-
citive below resonance, with (C) becoming inductive
above resonance while (B) is at first inductive and
then capacitive. Network (A) behaves in a similar

manner to (B} but the inductive region is below re-

sonance.,

it is important to bear in mind that the impedance
curves in Figure 5 and Figure 6 refer to one set of
antenna specifications and that different results can
be obtained for other antenna systems. In particular
it is not always possible to obtain a real value of
input impedance and Smithl, has shown that it is not
possible to match all types of antenna impedance with
rnetworks {(A) and (B). For example, if network (A) is
designed for an output impedance of 5 {I with the an-
tenna in Secticn 4.1, the phase response is shifted
such that the peak just reaches zeroc for Q@ = 100 at a
normaiised freguency of 0,995. For all other frequen-
cies the input impedance is capacitive. If the out-
put impedance is 50 (I the critical Q factor is 10.

In these cases the capacitive term in equation (4)
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has a significant efféct. If the Q factor for this
antenna is reduced from 100 for an output impedance
of 5 I the impedance is always capacitive and addi-
tional components are required to produce a real in-
put impedlance and hence obtain efficient power trans-
fer.

A restriction on the range of antenna impedance
that can be matched is also imposed by network (B).
However, network (C) can always provide a real in-
put impecance and furthermore, its impedance increases
away from the resonant frequencyz This is a desirable
property for transmitter applications since a large part
of the signal spectrum can be at the extremes of the
system bandwidth and the suppl’ current will be less
for an impedance characteristic which increases rather
than decreases. Network (A) however, exhibits a 60%
decrease in impedance at the lower edge of the band with
& consequent increase in current consumption.

The asymmetric decrease of impedance about resonance
for network (A) is due to the series resonance of L and
<. which can cause the input impedance to decrease to a
very iow value within the system bandwidth. The rate of
decrease increases as the ratio SZ. decreases, that is

C3
for high inductance antennas or networks with a iow out-

/7

»ut impedance. With some antenna systems a decrease of
BO0% at the lower 3 dB point has been calculated. The
cnange of Zi with frequency can cause a problem with
portasle =quipasent such as speech transceivers if varia-~
ticns in the matching or antenna components cause the
resonant frequency to increase by greater than half the
system bandwidzh. In this situation the operating fre-
wency couid coincide with the impedance mimimum and the

L8]



operation of the radio transmitter and the RF filter
of the radio receiver may be adversely affected.

A close examination of Figure 2 and Figure 5 re-
veals that the impedance peak for network (a) is at
a higher frequency than the peak of the loop current.
As the antenna Q factor reduces, the frequency separa-
tion between the two peaks increases and with the
antenna used for this example, if the Q factor is less
than 20,the loop current at the frequency of the im-
pedance maximum is less than the resonant peak by more
than 2 dB. For an output impedance of 5 O the critical
Q factor is 50. Consequently thé output impedance peak
is not an indication of resonance and if used for tuning
the antenna it can cause misleading results. Conversely
the output impedance may be significantly less at re-
sonance than the maximum value and hence overload the

radio transmitter.

These factors are important for intrinsically safe
equipment since in these applications the antenna voltage
is limited and a low impedance is often used to obtain

higher transmission powers.

The effect of component tolerances on the frequency
response

The previous sections show that a high antenna Q
factor leads to a higher input signal at the radio re-
ceiver and to better selectivity. However, before a
value for the Q factor can be determined,it is necessary
to consider the sensitivity of the system parameters to
practical variations in the components of the antenna

and matching network.
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The maximum change of frequency response allowable
depends on the type of transmission system. If the modu-
lation bandwidth is much less than the transmission band-
width then the maximum change of resonant frequency is
generally taken as half the transmission bandwidth. If
the two bandwidths are comparable then the resonant fre-
quency drift must be much less and depends on the type
of modulation. For example, the minimum transmission
bandwidth for a digital system is comparable to the baud
rates. In this case the frequency stability should be
better than one tenth4 of the data rate and for a reso-
nant frequency tolerance of : 0,5% the antenna Q factor
must be less than 40. For the purposes of this paper
the component tolerances are considered for a system whose
modulation bandwidth is much less than the transmission
bandwidth.

Capacitance effects

Generally the antenna capacitance is much smaller than
the capacitance of the matching components and hence its
variation due to temperature is a second order effect. The
antenna capacitance is also influenced by the presence of
conducting objects which affect the antenna's inductance as
well. However, below the antenna self-resonant frequency
the antenna capacitance can be absorbed in the inductance
and the effect of the two are treated in the next section.

The values of the matching network components, however,
change with temperature, the environment and age by amounts
which depend on the type of components used. It is recommended
that silver mica capacitors be used for receiver applications
and polypropylene capacitors for transmitter matching networks.
Silver mica capacitors have a long-term stability of about
0,1% and a temperature coefficient of Is0 ppm per c.
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’
Hence a typical design tolerance for these components
is £ o,2%. Polypropylene is not as stable (0,5% as
silver mica and has a higher temperature coefficient
{~-200 ppm per OC), and hence a typical design tole-

rance for these components is about T 1x.

The effect of capacitance variations on matching
network (A) depends on the relative magnitudes of the
components. For most applications the antenna impe-
dance at resonance is much greater than the necwork
output impedance and hence Cg is significantly greater
than C,. '

Therefore, the resonance condition will be influenced
primarily by C2 rather than C3°

For reasons mentioned previously this network is
more suitable for receiver applications in which case
silver mica capacitors would be used. Assuming a tole-
rance of pa 0, 2%, the resonant frequency changes by pa 0, 1%
{since w, =(LC) *) which implies that for this change in
component value to be serious the antenna Q factor would
be in the region of 1 000, an impractical situation.
Furthermore, the output impedance of the network is
proportional to kggxz and hence a worst case error of
t 0,8% is expected3and this is also generally insignifi-
cant.

With network (B), however, the component sensitivity
is not guite so clear since the parallel capacitance (Cl)
has a complex effect on Le and Re' 1f R, is plotted against
Cl at 913 KHz then Figure 7 shows that large values of Ry



1TINSITO pauny IaTiexed B JO 20UR3ISTSOI SATIDSIID oyl Uo HU mm‘mJMWWWWJWSB
L 9Inb1g

(SdHMHA-ONENDY 1> 40 3NHA

NJ —_ — — — — — — — < < < ™
=1 m < m V1 1,1 N — 1 (o | m M
= - vl N =l ] vl N =l g vl ~J T
< ne 1 n =~ V1 5] U1 = 7 B Iy m
2 \J 4 - J -4 -lla“ltlli‘i“ll'.lilﬂ»”ll.‘llnilﬁﬂ.n‘ﬂwi%%i& }

‘!Ellu s A WAL

=
tA
B!

+Adl

s Z

.
=
=
¥

it

HI 4

jAiAT
.,,,Emm_;n
WAL,




5.2

- 21 -

are very sensitive td C;. Even when R, = 50 Q,the
effective resistance changes by about 10% for a 1%
change of Cl’ The change of Lo is not quite so dra-
matic, being about half the change of R, and hence
for a 1% change of Cl, the series resonant frequency
will change by about 2,5%. Hence the Q factor should
be less than 40 in order to achieve a stable system.

The effect of C, using network (C) is straight
forward. In practice this network is suited to trans-
mitter applications and hence the maximum cihiange of
resonant frequency with polypropylene capacitors should
not exceed 0,5% and the Q factor must be less than 200.

Inductance effects

The antenna inductance is hardly affected by
changes in temperature. However, its value is affec-
ted by other factors such as the presence of conduct-
ing objects and by physical movement if the antenna
.s flexible and is moved. Measurements at 200 kHz
indicece that the inductance can be reduced by 7% when
indirectly coupled within a few centimetres to under-
round power-.ine cables. The inductance of a portable

antenna worn across the chest may change by : 2% due
to movement of the dbody.

1f the equipment is portable then the maximum

change of frequency response must lie within the trans-
nission bandwidth. With network (A) the antenna Q fac-
<o~ should be less than 100 for the majority of

wining applications and the transmitter must be able

o deliver power into the reduced matching network in-
put impedance as the impedance response drifts. The
antenna O factor using network (C) should also be less
+nan 100 to avoid retuning but,although the transmitter

will general.y not be harmed by a



L

- 22 -

load impedance higher than nominal, it would limit
the maximum output voltage with a consequent in-
crease in transmitted harmonics. The effect of an
inductance change using network (B) is far more
serious and Figure 7 indicates that for a 30% re-
duction of L, R¢ falls from 50 Q to 6 1. For a
2% reduction of L both Re and Le reduce by almost
a half and complete retuning is necessary.

In some permanent installations, such as <he
transmission of telemetry data in shafts, indirect
coupling into power-line cables is used to achieve
a considerable increase in received signal strength.
The received signal can be increased further by tuning
the antenna in-situ and practical measurements in-
dicate that 100% improvement can be obtained. Using
network (3), C, is adjusted to bring the resonant peak

for either I, orV coincident with the frequency of

L
operation. Using this procedure 2, does not change

since its real part reduces to:

—t
2 2

w C3 R
However, with L smaller than the free space value,the
antenna Q@ factor is reduced and the transmission band-
width is increased. Retuning using network (C) is
also simple but with network (B) both matching components
must be adjusted by a fairly complex procedure.

Source and load impedance effects

The effect of source impedance (R.) on the antenna
current (EA) using network (A) is shown in Figure 8.
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As the source impedance decreases from 500 Q the
bandwidth widens with the response at first being
centred just below 913 kHz and then moving to lower
frequencies. For values of source impedance less
than 2 @, the current maximum occurs at the series
resonant frequency of the network. The bandwidth
increases until the source impedance is about 5 Q,
whereafter it decreases. When R, = 5 Q@ the band-
width is double the value for a matched system.
The real and imaginary parts of the antenna input
impedance at the maximum value are given in Table 1.

TABLE 1
R (D) Ry, () X; 5 ()
EE 1,41 , 0,51
5,0 2,44 2,91
20 31,18 18
{ 50 51 o)
% 500 51 0

From this information it is possible to calcu-
late, for a lossless matching network, how much extra
reactive power must be supplied for the same power into
R;A and hence the same antenna current. The calculated

.

values are given in Table 2.

TABLE 2
R (0 Extra transmitter power

s (dB)

2,5 0,27

5 1,92

20 0,62
5G O
5806 o]

J




With some trandmitter circuits the output
impedance can be adjusted independently of the out-
put power. If the output impedance of such a trans-
mitter is increased above 50 (! while keeping the out-
put power constant,the system bandwidth reduces but
the maximum antenna current remains the same. This
is not a desirable mode of operation since the re-
duced bandwidth could be obtained with a higher antenna
Q factor with a consequent increase in the maximum
antenna current. It is therefore concluded that tuc
optimum source impedance for network (&) is equal to
the network input impedance.

The effect of source impedance variations on net-
works (B) and {C) is to change only the system Q factor;
the resonant peak remains at the same frequency. As
the source impedance is reduced, the responses become
narrower and hence the effective antenna Q factor in-
creases. For an antenna of a defined number of turns
this property can be used to advantage to increase the
antenna current5 while keeping the system Q@ factor con-
scant. In order to achieve this it is necessary to have
the greater part of the total series resistance which
determines the system Q factor in the output impedance
of the transmitter where, by suitable circuitry% it ab-
sorbs little power. As the antenna loss (R) decreases,
the transmitter output impedance must increase to keep
the system Q factor constant, but for a transmitter cof
defined output power (Po) the antenna current is given

WY

=B
(&)
Hence by using a low loss antenna and a matching trans-
former with a high turns ratio,it is possible to obtain
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a high value of antenha current. An antenna using
these principles has been built and has produced a
200 .V (p.d.) signal at a receiver antenna when in-
directly coupled to 2,5 km of 6,6 XV power cable.
The transmitter had an output power of 10 W.

Matching network comparison

Network (A) is used frequently for matching loop
antennas since it is simple to design and being only
capacitive, is highly efficient. However, for trans-
mitters it has the disadvaatage of a sharp reduction
of input impedance on the low-frequency side of the
resonance curve and thereby increases the consumption
of current by the transmitter, if the modulation band-
width is comparable to the transmission bandwidth. In
radio receiving systems it has the disadvantage of lower
outband attenuation compared to the other matching net-
works for frequencies below resonance which is a region
that generally has a greater noise content. In situa-
tions where the antenna Q factor is low it is difficult
TO provide a terminal impedance which is real and which
has & low value. The optimum source impedance is equal to
the input impedance of the network and its value shou.d
be tightly controlled ii a real input impedance is re-
quired at the system resonant frequency.

Matching network (B) produces an identical frequency
response to network (C). However, network (B) is restric-
Ted in cases Of antenna detuning since both Le and R, are
sensitive to capacitance and inductance variations. Typi-
Cai roag-term stability and temperature variations of the
mactching components restrict the antenna Q factor to less

than 40.
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If retuning is necesséry then both matching components
must be adjusted which is a difficult task in the field.
However, this network has an increasing impedance charac-
teristic away from resonance which is a desireable charac-
teristic for transmitter applications.

The problems existing with matching networks (A) and
(B) are not present with (C). Since only one resonating
component is used, the task of retuning is much simpler
than with (A) or (B). The impedance characteristics in-
creases at frequencies away from resonance and its lower
outband attenuation is better than that of (A). Further-
more, it is theoretically possiblé to match the antenna
to any real value of terminal impedance. However, it has
the disadvantage of requiring a transformer to match the
low-impedance antenna to a transmission line and for a
high turns-ratio the design of a low-loss transformer is
no easy task.

Conclusion

This report has presented an analysis of an electri-
cally small loop antenna together with a universal capa-

citive matching network. Various matching networks have
been compared and it has been shown that the simple se-

ries resonant circuit possesses many important features.

The resulting frequency responses indicate that the

best performance is achieved with a narrow band transmission

system using an antenna with a high Q factor. The maxi-
mum Q factor is determined partly by the effect of the
mine environment on the maximum change of all the com-

ponents of the antenna system, by the distortion which may
be introduced into the demodulated radio frequency signal

and by the decreasing noise performance of some modulation

methods which have a narrow bandwidth.
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APPENDIX
1.l The universal matching network input impedance (2;)
In Figure 1 the impedance between 2 and 3 with-
out Cq and the termination is given by:
(R + joL) __1_
_ JuCy 1
223 = +
R + juwL + 1 ij2
JuCy
_ R + juL + 1
- 2 . .
1 -w Lcl + chlR ch2
2
_ 1-uw L(Cl + C,) + JuR(C; + C,)
- 2 . 2
=W chZR + Jw02(1 -Ww LCl)
) Zl + jZ2 (1)
Z3 + jZ4
- 2 A -
%. =-02CiC.R; Z, = wC, (1 - w°LC,)
5 1727 “4 2 1
The impedance between 2 and 3 including Cy but without the
termination is given by:
%23 JuC, (2)
Zg = T,
“23 +
jwCy
Substituting for 2,54 from (1) into (2) gives:
. - Zl,+ 322 (3)
* (25 ~ WC3Zy) + 3(Z, + WC3Zy)
2, + 32
. 1 2
OR é = 7 - ) (4>
-t i \23 Y]) + J(z4 + Yz)

where Yi = wC322 H Y2 = wCBZ1
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14

1.2 The loaded output voltage (VL)

The loaded output voltage can be derived by using
Thevenin's equivalent circuit. First the open circuit
output voltage (Voc) and output impedance (Zi) are found
and then used to obtain the loaded output by means of the

potential divider formed by Z; and R . Using Figure 1 with

no load, then:

1
Viz _ JuCy _ 1
V. =~ R + joL + 1 - w2 .
i EEEZ- 1 w LC, + JwC4R
Cc,C
273
where, C, = C,+
4 1 C, + c3
therefore XQS = C2 V13 = °2 1 |
Vi Cr+C3 'V C; + ¢ |1 - szC4+ij4RJ
= — Y3
Y4 + JYS
2 2
where, Y3 = E;TE;; Y4=l-wLC4;YS=wC4R
Prom eqguation 4 in Appendix l.1l.
. - 2, + iz,
Hence if: 'L - - e
Voc Ry ¢ zi
then: YL. _ ‘ p e J t (Z3 - Yl) + :JRL(Z!]'r +Y,)
v, Ly, + 3¥g R, (23 - ¥p) + 2y ¥ TRL(2, + ¥y +2

3y
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1.3 The antenna current(IA)

The input voltage to the matching network of Figure 1

in the "transmit® mode is given by:
- z; (3)

v ——————————
23 8 Zi + Rs

The current flowing through c, (112) can be found using

the value for Z,, derived in Appendix l.l. that is:

Vos

I

. 23 + 3%, (6)
Vs (zi +1RS) (zl + jzz)

Substituting the value for Zi derived in Appendix 1l.1l.,

equation (6) becomes:

(23 + jz4) (7)

24
-
28]

|

Z, + j22 + Rsi(ZB - Yl) + j(z4 + YZ)J

<
6]

1

Using I, then IA is given by:

);.m
.o Lz G _ 112
A 1 - .- ) \
jwcl + R + juwk 1 - LCl + chlR
. oz (8)
%5 + jZ_]
2

wnare 26 = ] - Lcly Z7 = wClR
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Hence by substitutimg equation 7 into equation 8

the antenna current is given by:

1

(23
= Z. + 32
6 7 [Rg (24

-Y) + 21] + j[Rs(z4 +Y,) + 2,]

Antenna parameter programme
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