PROCEEDINGS OF ISAP ‘89 1D4-1

IMPEDANCE SYNTHESIS METHOD FOR
AN ELECTRICALLY SMALL ANTENNA

Kazutaka HIDAKA
CATV Equipment bLivision
Toshiba Shutoken Service & Engineering Co., Ltd
1-14-8 Omori-nishi,Ota-ku,Tokyo 143,Japan

1.Introduction

This paper reports on an impedance synthesis method in
which an electrically small antenna is taken conjugate
impedance matching. The purpose 1is to compensate the
ohmic loss and input reactance of the small antenna, and
to amplify the small signal if necessary. The negative
impedance which is generated by a negative impedance con-
verter (NIC) cireuit is well known[1l][2]. However, the
design and manufacture of an NIC circuit at an especially
high frequency is difficult in comparison to that of an
amplifier. In this paper,it is proposed that the con-
jugate matching impedance including the negative resis-
tance to cancel the ohmic loss and input reactance of the
small antenna can be synthesized by an ordinary amplifier
at a high frequency.

2.Equivalent Circuit of Small Antenna

The equivalent circuit of a small antenna is shown in
Fig.1 as a receiving antenna,where,Ry ,Rge and Xq are the
radiation resistance,the loss resistance and the input
reactance of the small antenna,respectively. Ry is the
load resistance. Z+ is the compensation impedance which
is synthesized to cancel the ohmic loss and input reac-
tance of the small antenna.

3.Synthesis Method for Compensation Impedance
3-1.Expression of Amplifier

Let us consider a high-frequency amplifier with three
terminals,that is,input,output and common terminals,as
shown in Fig.2(a). The amplifier circuit is constructed
so as to be capable of adjusting the phase and gain. This
is a 2-port network,and the circuit lumping together the
whole of Fig.2(a) is shown in Fig.2(b).

If we denote,respectively,the elements of the S-para-
meter of the amplifier by Sy ,S;3.53/,52.,and incident and
reflected waves by a; ,a, ,b; ,b; ,as shown in Fig.2(b), we
have the following relation.
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Then, the incident and reflected waves corresponding to

the voltages and currents at each port in Fig.2(b) can be
expressed by their definitions[3] as follows,respective-
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From Egs.(1),(2) and (3),the equivalent circuit of the
amplifier is illustrated in Fig.2(c),where Zy ,2i2,221,222
are given as a function of the S-parameter.

3-2.Impedance Synthesis Method

Let us consider the impedance between terminals #1 and
#2 in Fig.2(a) because this choice only is possible among
the three terminals #1,#2 and #3 as two-terminal im-
pedance capable of being adjusted by the phase and gain.
If we can express the above-mentioned impedance in terms
of the S—-parameter of the 2-port amplifier,the problem of
impedance synthesis may be replaced by the design of the
S-parameter of an ordinary amplifier. It 1is now easy
through the considerable progress of the network analyzer
equipment to estimate and measure the transmission char-
acteristics between the input and the output of the
2-port amplifier. Various high-frequency transistors for
amplification also have been developed,and we can use
conventional high-frequency design techniques of the
anplifier by means of the S-parameter. Thus,we consider
the impedance synthesis method which replaces the re-—
quired impedance value including the negative resistance
in the real part by the S-parameter which sufficiently
determines the small-signal transmission characteristics.
In this case,the next relation must be held by using the
two-terminal impedance,as seen from Fig.2(b).

Iy= =Ij (4)
From Egs.(2),(3) and (4)
a,— b= —(a - b ) (5)
is obtained. By solving simultaneous equations of Eqgs. (2)

(3) and (5),we obtain the relations among incident and
reflected waves,namely,a, ,a, ,b; ,bzas follows.

by ={Sn (1-521)=512(1-5S2/) } / (1-852—Sz22) a (6)
bs ={S2(1-S12)=522(1-5Sn)}/(1-52-5z22) a (7)
a, =—(1-5,-Sy)/(1-5,,-522) & (8)

Under the condition of Eq.(4),the two—-terminal impedance
Z+ must be defined by the following expression.

Zt= (Vv — V2 ) /(L) (9)

Since voltages and currents in Eq.(9) are represented as
a function of incident and refrected waves, Egq.(9) is
rewritten as follows.

Zi/Zo = {(a +b; )—(ay+by )}/ (a, —-b; ) (10)

where Z, is the characteristic impedance under the con-
dition of the S-parameter measurement.

By substituting Egs.(6),(7) and (8) into Eg.(10),the
expression combining the impedance with the S-parameter
of the amplifier is obtained as follows.
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If the configuration of the amplifier is a three termi-
nal type,i.e.,input,output and common terminals,as illus-
tlated in Figs.2(a) and (b), Egq.(11) holds generally,be-—
cause an approximation is not used in its derivation.

Conveniently,the reverse transmission coefficient S;2 of
the transistor amplifier can be designed so as to become
very small because of the unilateral amplification char-
acteristics. The reflection coefficients S; and S,z also
are able to be made nearly zero by the impedance matching
circuit. Then,we obtain a simple formula from Eg.(11) as
follows.

Zy+ = —2( Sy- 1 )Zo (12)

When both conditions of the wunilaterality and im-
pedance—-matching of the amplifier are satisfied,we can
perform an equivalent transformation between S2; and Zx.
The locus of Z% given by Eqg.(12) is shown in Fig.3. The
phase¢»,and gain ,i.e. the amplitude [Szi|, of the trans-
mission factor Sz can be controlled by the circuits(¢5and
A+t) shown in Fig.2{(a). Therefore,it is obvious that the
compensation impedance including the negative resistance
can be synthesized by using the amplifier shown in Fig.
2(a).

4 . Discussion

Since a synthesized impedance consists of an active
circuit,there exists noise generated from the amplifier.
It is required for noise improvement to choose tran-
sistors,analogous to the case of amplifiers.

We can transform the S-parameter at Zp to a different
S—-parameter corresponding to another characteristic im-
pedance. Therefore,if the input and output ports of the
amplifier are matched to a certain characteristic im-
pedance, Spn and S22 satisfy the negligible condition.
In Fig.1,the available power which can be obtained fronm
only the radiation resistance Ry and the source voltage
Ve is given by Vs /(4Rr). If the compensation impedance is
synthesized so as to match conjugately with Ry ,the gain
relative to the available power (Vs /(4Rr )) becomes RL /Ry.
Then,the received signal is amplified when Ru >Ry.

5.Conclusion _

In this paper, a synthesis method for an arbitrary im-
pedance of a small antenna has been proposed.It has be-
come clear that it is easy to realize the compensation
impedance by using ordinary amplifier design techniques.
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Fig.1l. Equivalent Circuit of Small Antenna.
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Fig.2. Impedance Synthesis Circuit.
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Fig.3. Locusci of Z4# on complex plane,
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