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ABSTRACT

The thesis presents a technique for improving the
bandwidth and the receiving gain of a passive dipole antenna
by introducing a special transistor circuit at the feed
point. The «circuit wutilizes the inductive property of a
transistor amplifier, thus providing a good impedance match
over an appreciable portion of the frequency range in which
the dipole 1is capacitive. The base resistor of this
amplifier has a significant effect on the gain and the
bandwidth, and lowers the center frequency at which the gain
is maximum. It is shown that the improvement in gain, due to
this circuit, of a 44.8 cm long dipole operating at 220 MHz
is 9 dB while the VSWR becomes 1.54 as compared to 29.6 for
the passive antenna. It is also shown that, due to the noise
temperature of the active circuit, there is a noise~limited
frequency band for which the maximum net gain improvement is

10.6 dB at 290 MHz.
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CHAPTER I

INTRODUCTION

The study of active antennas occupies a prominent
position in antenna theory, particularly since many new
types of high frequency semiconductors have been recently
developed. An active antenna system is a combination of a
passive antenna and a semiconductor circuit which may lead
to higher gain or signal to noise ratio or, alternatively, a
reduction in the overall length of the antenna for the same
gain.

The current distribution of an active antenna is
controlled by an active circuit when the circuit is
connected to the passive antenna. The input impedance, the
power gain, the peamwidth, and the field pattern are
obviously influenced by the circuit configuration [1]. It
should be noted that any advantages of an active antenna
over a passive one are at the expense of complexity in the
circuit as well as added interference, noise temperature and
power dissipation.

The study of an active antenna has been facilitated
ever 'since Hansen [2] reported special issue on active

antennas. Some types of active antennas which have been

developed and reported are the parametric amplifier antenna




[3,4], the Esaki diode antenna [5-9], and the transistorized
antenna [10-12].

Frost [3,4] presented the parametric amplifier antenna
using parametric diodes and a dipole antenna, and reported
23 dB maximum gain at 221 MHz relative to a passive dipole
having the same length and diameter.

Fujimoto [5] presented a theoretical study of some
properties of a tunnel-diode-loaded-dipole antenna and
discussed gain, noise performance, stability, and
reradiation characteristics. The analysis was performed by
applying network theory techniques to an equivalent circuit
of the active antenna. The author reported experiments of
radiation patterns, maximum gain of 12 dB, and a few percent
larger baﬁdwidth of the tunnel-diode-~loaded dipole antenna
[6]. The author also reportea the "antennafier" which is a
dipole antenna combined with an Esaki diode circuit [7). He
employed a modified pi-match dipole to improve the overall
performance of the antenna. The analysis of the
"antennafier" was made by using an equivalent circuit
derived by computing the impedance from radiating and
nonradiating components of voltage and current. The gain,
noise performance, and stability were discussed. Typical
experimental results at a center frequency of 420 MHz showed

that the bandwidth was several percent higher and the gain

was 3 to 12 dB larger, while the noise figure was 5 to 6 dB




higher at 420 MHz.

Copeland et al [9] reported "antennaverters" and
"antennafiers" using a tunnel diode. The "antennaverter" is
a passive antenna and a converter combined into a single
unit, while the "antennafier" is a passive antenna and a r-f
amplifier combined into a single unit. The authors discussed
an analysis of the tunnel diode down converter and reported
that the tunnel diode converter had a 14 dB gain with
respect to the sensitivity of the standard dipole system
with a coaxial mixer,

Copeland et al [10] reported a 12.5 dB higher gain
relative to the reference dipole and a O of 8.16 by using a
common emitter transistorized dipole antenna operating
between 135 and 165 MHz. The authors also described a
four-element broadside array active antennas with a view of
improving the half-power beamwidth, power gain and noise
temperature over a half wave dipole.

Meinke [12] reported a transistor circuit mounted on a
monopole antenna. He discussed the noise temperatures of the
receiving system and the influence of bhias on the impedance
and radiation pattern between 800 kHz and 250 MHz. The
author also examined various types of active antennas and
showed that the resonance frequency could be shifted by

changing the collector current of the second stage

transistor circuit, whereas, the bandwidth could bhe varied




by adjusting the collector current of the first stage
transistor circuit, He reported that the VSWR of the active
antenna was less than 2.5 in the frequency range of 2.5 to

25 MHz.

Recently many arguments have been brought forward
regarding the noise of transistorized antennas. Meinke et al
[13] reported that the noise temperature of the receiving
transistorized antenna system was lower than that of the
passive antenna, Landstorfer [14] reported a 10 dB gain of a
transistorized antenna over a half wave dipole and showed
that the noise temperature of a transistorized aerial system
was smaller than that of a passive aerial. He reported that
the minimum noise temperature of a particular active antenna
configuration was 1470 K in the frequency range of 470 and
800 MH=z,

The purpose of this thesis is to utilize the inductive
impedance property of transistors, over a limited frequency
range, in order to improve the gain and the bandwidth of a
dipole antenna which is capacitive when the transistor is
inductive. The active antenna, which is used as a receiving
system, consists of two transistor stages and a passive
dipole antenna. The first transistor stage is employed to‘
get the inductive impedance property in order to improve the

voltage gain and the bandwidth of the active dipole antenna.

The inductive impedance property is utilized for obtaining a




conjugate match between a passive antenna and the £first

stage (for maximum power transfer). The length of the
passive antenna is <chosen so that its impedance is
capacitive.

The advantages of the active over the passive dipole
antenna of the same geometrical dimensions are : higher
gain, larger bandwidth, lower center frequency and lower
noise temperature of the receiving system within a narrow
frequency range.,

In chapter 1T, the short circuit ¥ admittance
parameters, the open circuit 7 impedance parameters and the
ABCD transmission parameters are used to describe the
circuit configuration of the transistor amplifiers and the
corresponding active antenna., The common base transistor
circuit configuration and the noise temperature of the
receiving system are also discussed. The theoretical
frequency response of an active antenna is calculated using
an IBM 360/0S8 model 65 digital computer and the results are
reported in graphical form.

Experimental procedures for various parameters are
discussed and the measured data are presented in chapter
ITI. These consist of measuring the input admittance of the
passive antenna , transistor Y parameters, input admittance

of the transistor circuits, output admittance and relative

gain of the active antenna.




The theoretical and experimental results are discussed

along with suggestions for further research in chapter IV,




CHAPTER II
CIRCUIT COLFIGURATIOCHS

In this chapter the circuit configurations of active

<

and passive antennas are presented.
characteristics of these antennas are compared with emphasis
on freguency response and noise temperature.

2.1 Egquivalent Circuit of Common Base Transistor Amplifierxr

2 well-known property of common base transistor

conficuration is that its input impedance will exhibit an
inductive component,/ as shown by Searle et al [15]. The
hybrid-pi = model is one of the various types of
representations of the increhental behaviour of a transistor
‘connected in the common base confiqguration shown in figure
2.1. The resistance re, usually referred to as fhe enitter
resistance, describes the incremental relationship between
the emitter base junction voltage and the emitter current.
The base resistance r, represents the effceccts of transverse
voltage drops in the base region caused by the base current.

The capacitanc

0]

C is the space charge capacitance of the
# P S|

reverse biased collector Jjunction. <« is an’  incremental

common base short circuit current gain and is defined by

Lo

. T e

T3 (W)




where the break frequency &y is :
The coefficient &« 1s usually called the low fregquency

common bhase short circuit current gain.,
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Figure 2.1 Cormon base T model eguivalent circuit
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e 2.2 Approximate high fregquency cormmon

base T model equivalent circuit

nodified common base T model is shown in figure

2.2, where wy:ugﬁfg B and e is the incremental
ztlu o

transconductance of a Jjunction transistor, An external

-1
ot
D
r

the Dbase

in figure 2,3 connected to
and helps to increase the input inductance

circuit shown in figure 2.2,
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2.2 Eguivalent Circuit

The transistor amplifier

stage, 4 Cormmon

and exploit the 1n4uctive

improve the Voltage

active dipole antenna,

b

anplify the r'eceived

My
2 J.xl\v

Stage ig a  common collector Ccircuit, It

i
)

Current amplifier ang is also used

match with the 5p ohm transwi.>i)n line

enployed with high frequency receive

rS
Us

Conventional Circuit

faCl7lLdLeQ throuc

Usefulness of this ¢ y N be att tributed

.

it ig applicable to Calculate the voltage

admittance and  the output admittance of

Circuitg erployed 4ip an active antenna,

are nmade in terns of  the short Clrg

parametersy the open circuit g

ABCD transmission bParameterg, The

relating these Parameters may be foung
) B4

[167].

transistor

to provide
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Port network theory,

These calcul
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impedance Parameters,

€xpressions
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N impedance
S generally
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gain, the input
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and the

regquiraed

in Desoer‘and

initially




‘manufacturer's data sheets. Nevertheless, it is conventional

to convert the Y parameters into the Z parameters due to the
first transistor stage shown in figure 2.3. The study of the
conversion between the Z, Y and ABCD paramecters is given in
hppendices A and B.

For purposes of the analysis, the two-stage transistor
amplifier may be considered as a cascaded network. The
analysis is easily accomplished by using the ABCD paramcters
in the following calculations. The ABCD parameters are
obtained from equations (B.1) to (B.4) given in Appendix B
by using equations (A.1) to (A.3) given in Appendix A,

Y + R Y

bh ' ) -
A CEY TV | R

-
7

Ay (pqy F R Yy = ¥y J(RTy = Tygy) (2.2)
1 ¥ [ER ¥, 2.

b T 21p

A Y
1 b
+ . (2.3)
LR ®%% 7 Top

I M Al K12
LR % 7 Yo

(2.4)

where R, is the emitter resistor of the first stage shown

in figure 2.3, and Y=Yy Yoou =Yy Yoy, The Y parameters

-~

B

dmittance parameters of the

7}

refer to the short circuit

n

common base or the common collector transistor when they are

subscripted by b ox ¢, respectively. The Y paramcters and




12

the . subseguent ABCD paraneters of the econd stage

transistor circuit, shown in figure 2.3, are derived in the

sama manner as those of the first stage, i.e.

_.—'l’~ ReZYZZC - JLUCCRBQ. : : Ceﬁ é)
By = iwC R Y “r
I Feato1e
-1 - 3 -
c = 2( CRQ R R ZYc YllcRc ) S (2 r/>
2 : R R Y ‘

21c

*Re Y - + RCRQZYC ~ (1

D = 2722 Rchlc) 1+ JU}CCRGZ) (2 £)
2 . \C I ] R .
JC R Rea¥o1c
where Y, :meinnL“YHC Yoou wvhile Roy s Cys and R, are shown

in figure 2.3,

From the property of the transmission paranmeters, the
resulting transmission matrix of the two cascaded transistor

stages is given by

A g]_ ,Al Bl A2 82

C Dj Cl Dl C2 D2

(2.9)

Using equation (2.9), the voltage gain and

the input

admittance of the transistor circuits are given by [17]

=V, /Yy

=2y / (Plg +B) (2.10)

Yt =1, /V; =(CZy+D) / (AZy +B) (2.11)

where Zy# 50 ohm while V; , V5, and

output voltage, and input current of the tre




clrcuits, respectivel as shown in figure 2,3. The results
. 7 L P AN 4 j

of these computations are given in figures 3,7 and 3.8.
2.3 Equivalent Circuit of Passive Antenna

The Thevenin equivalent cifcuit of the passive monopole
antenna 1is shown in figure 2.3 as a voltage .source V, in
series with an impedance Z,/2 as given by Kraus [18]. The
ihput impedance of a thin cylindrical monopole anieﬁna is
eqpal‘to one half of the impedance of a dipole aﬁﬁenna as
shown Dby Jasik [19]. The input impedance Zg/2 is calculated
by applying the method of moments proposed by Harrington
[20].

The calculated results of the input admittance are

plotted as a function of frequency in figure 3.2.
I 1 J
2.4 Prequency Response of Active Antenna

41

The voltage gain of the active antenna is given by

G, =V, /V, ~» (2.12)

where V; is source voltage of the dipole antenna and Vs
defined in section 2.2.

Since V,; =V, in the absence of the transistor circuit
shown in figure 2.3, the voltage gain of the passive antenna

is given by




=37 J =7 7 7/
GP \.l/\fo Llo/(bc—%—zlﬁ‘/ 2) (2,1\3)
where Z, is the input impedance of the receiver,

L

input impedance the passive antenna, and V|

section 2.2. Figure nows the relationship
and G, for the freguency range of 220 to 360 Mi=z.
The output admittance £ the active antenns, as
frow the terminals of msmission line, is denoted by Yu
and is computed from the expression
Y, = (2 A CEy /2) / (B1DZ, /2) (2.18)
where N, B, C, and D are the elements of the active antenna

given in eguation (2.9) in matrix form,
2.5 Noise Tempe: wre of Receiving System

The numerical examples gilven 237 are based on

v

calculated and published values [12-14] with respect to the

noise temperature of the Treceiving active and passive

antenna systems. | noise bhehaviour of the passive antenna

system T (in degrees Kelvin) may be expressed by [12]
Tp=Tz+Tp /G, (2.15)

where T denotes atmospheric and nan-mnade noise

=

m

tenperatures, T, the noise temperature of the receiver and
& H R L [
G, the available gain of the transmission line,
Ls G

In the following numerical calculations, it is assumed

_that 1y =1400°K, G,=0.5, and T.=300°K as used by Meinke [12].
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-Substitution of these values in eguation (2.15) leads to a
plot of T, versus frequency, as shown in f;gure~2.5¢
The noise temperature of the receiving active antenna
system Tp {(in degrées Kelvin) is given by
Ta=% +TT+T R / (GT G (§2 . 16)

where 7 and G, are the noise temperature and the available

gain of the transistor circuits, respectively.

nois

8]

temperature of transistor circuits [21]. Figure 2.4
shows a noisy linear two port network. This network, with
noise taken into account, can be represented by a noise free

network with two noise generators added, 1,, and 14,

O NOISE ; 0

FREE _
) 1 P2

i C) METORK

2.4 A noisy two port network using Y parameters

The input noise temperature of a two port network is

defined by Sucher [22] s the temperature of the dinput

©

termination which, when connected to a noise free equivalent

network, would result in the same output noise power as that

of the actual network connected to a noise free input




termination. The input

to the
Using the Y

network

noise

tenperature

noise factor ¥ by

paramcters,

is given by Vasseur [21] as

{(Y; TY‘)(YM""YZ)}
" Rel Yoi

Pa(71}+

F=1+ goer)

~l ” )l Y:+
B [\eof,r)i

%3
iz

where is the source adm

Y\(j‘
Y parameters

(A.4), and the source adi

ot

whereas for

defined by

YS“Z = oo™ Vit g

The overall noisc

therefore

F=F, + (T,

wvhere F, and

w
T2

second transistor

(2,19) and (2.20) into (2.
available power gain of

=

dttance Yg, is given by

Yﬁ‘%m_+

the noise figures

stages

1N P ReCY50)

Re(Yq)

ittance, FTor the first

by equations (2.1) to (2.0
-

(2.19)

the source admittance

A o
e (2. 20)

figure antenna is

~1) /G,

the

are determined by substituting

18), respectively and G, 1is the

the first stage defined by

&=

The | noise

RO AT A AN AN G i AH

temperature

(2.22)

of the receiving system of the




and is shown in figure 2.5 as
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CHAPTER IIX

EXPERIMENTAL PROCEDURES AND RESULTS

In the previous chapter the circuit configurations of

the active and the passive antennas were discussed. In this
chapter the experimental measurements of the passive
antenna input admittance, the transistor Y parameters, the
input admittance of the transistor circuit, and the output
admittance of the active antenna are presented. The gain of
the active relative to the passive antenna is also

discussed.

3.1 Input Admittance of Passive Antenna

The experiment was conducted in a large microwave
anechoic chamber in the VHF and UHF ranges. The experimental
setup for measuring the input admittance versus frequency is
shown schematically in figure 3.1. The input admittance was
conveniently measured by a General Radio Admittance Meter,
Type 1602-B [23]. The apparatus consisted of a receiving
monopole antenna over a ground plane, a signal generator, a
local oscillator, a General Radio Admittance Meter, and a
transmission line section of length D (distance between the
terminal of the Admittance Meter and that of monopole

antenna), as shown in figure 3.1.
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to obtain a perfect null which

losses  and rrors. The short

D

wvas then removed and the antenna O be tested, was

connected. The rneasure d and computed data for a 23.3 cm  long
fic

antenna are shown in figure

The normalized admittance

related to the nommalized adnittance
[T=01-y) /()
vswR= (1+|) / (1-]")
VSWR of the passive antenna is shown in

]

3.2 Pransistor Y Paraneters

The Y paramneters prove nost
frequency admittance devices Fnowing

paramnaters all other electrical provert: of the network
L i =

can bhe derived.
The Y parameters of the rolorela
were neasured in  the common  base
ey Tunction and Irmi

rinental set uﬂ is
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The input adm ance Y,,, and the output admittance Y,
are mneasured for a bias of 2mA emitter current and 10 Ver 1in
the frequency range between 200~360 "z by steps of 20 MHz. Y,

is  very hard

[ S
)]
T
jat}
[
o
[0}
0]
ot
0
0
i..J
-
Q
D
-
(-t-
]

is obtained from Motorola
to measure accurately. The magnitude of Y55 is generally very
small compared to the other paraneters.

Transadnittance parameters Y,,, are mcasured using the

Transfer Function Indicator of the Bridge in the same bias
condition as Y, and Y. The polynomial equations of the
measured Y parancters (in millimhos) in he cormnon base

configuration are obtained by a computer curve fitting
program. The resulting equations are:

Y =76.8-0,1353F+1.3358710" 49 (~10.022




N
[$3]

~4.,182F1077 +1.738£21077%) ©(3.4)
Yop =3 (=0.03271-9,67£107 7 =1, 97471077 ) (3.5)
Yoip =~73.61+0.1@18£—1,1f210“4+3(10,6J

"\
—
o

oy
S
—~
08
N
S

+0.03378£+17.025¢%

- . -6 B, A8
Yoop =0.8962~4.151£107° =6, 85562107 +3.308£710
4 c4 4 el e o5 13 : 6 . n-l6
+1.188F% 107" +3.295£7 107 =9, 463£%10
- 2 31 seqnT 2 T os2 q"5 2
+3(3.738-2,075£10 +5.108%F 10 ) (3.7)
f is the operating frequency varying from 200 to 360
Pl

The common collector Y parameters (in nillimhos) are

calculated from the common kase ¥ paranetors using eqguations

(c.1)

e”ua

to (c.lU) given in Appendix C., %he resulting polynonial
ions are given by
-3 o NP e~
Y6 =3.32842. 671072 43,120021077 43 (10,11
&

~0.02051F+7.82F21077) (3.8)

-5

Yine ==2.82~6.058£1072 -2, 42871077 +3 (~6.402

+7.751;1O"3m2°73f210"5) (3.9)

+0.0LU265-1.705F2107°) (3.10)
Vone =76, 4-0,13535+1,335621077+5 (=10, 22

~0.0L182F+7,73F21075) (3.11)

3.3 Input Adnittance and Gain of the Transistor Circult’™

o

The two-stadge transistor circuit for the active antenna
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is shown in figure 2.3, %he circuit was carcfully wired to
minimize the length of all leads in order to obtain qood hich

A i

freguency performance. Figure 3.5 shows the actual nrototvpe

P PR N I +
i OL TNe acTlive anccenna,

neasured by a General Radio Transfer Function and Irmittance

Bridge, Type 1607~ [24]. The circuit diagram and measured

data are shown in figures 3.6 and 3.7, respectively,

LOCAL,
OSCILLATOR

ISOLATOR

SIGHAL GEHERAL I
GENERATOR TP ISOLATOR T RADIO BRIDGHTTTTT] AMPLIFIER

S o

Pigure 3.6 Circuit diagram for measurcnent

of input admittance
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The voltage gain of a transistor circuit is denotad Dby
Vo /Yy and is shown in fiqgure 3.8. The voltage gain was
measured using a lHewlett Paclard Vector Voltneter, model
84051, while the calculated gain ras based on  the ¥

the Motorola

1.

parameters specified by the manufacturecr of

2:74959 transistors.

3.4 Output Admittance of Active Antenna

The experiment was conducted in a  large mnicrovave

anechoic chamber. The ecxperimental setup for measuring the

output admittance versus frequency is shown schematically in

3
[

p.

A

figure 3.9. Figure 3.11 and 3.10 show the photoarapiis of &

transmitting antenna and apparatus, respectivelv,

LOCAL
OSCILLATOR

ISOLATOR

SIGHNAL CENERAL ACTIVE
GENERATOR ISOLATOR RADIO BRIDGE ] CIRCUIT

IFr ACTIVE ANTENNA
AIPLIFIER

FPigure 3.9 Circuit diagrarm for measuring the

output admittance of the active antenna




Figure 3.10. Setup for measuring the output
admittance of the active antenna.




Figure 3.11.

Photograph of transmitting antenna.
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The measuring technique is the same as that described

in section 3.1 for input admittance of the passive antenna.
The VSWR of the active antenna 1is calculated from
measurements of the output admittance using equations (3=1)

to (3=3), and it is shown in figure 3.3.
3.5 Relative Gain

The apparatus for determining the relative gain
consists of transmitting and receiving monopoles over a
ground plane as shown in figure 3.,11. The "heights of
transmitting and receiving monopoles are 32.0 and 22.4 cm,
respectively, while the radius of these 'is 1.8 nmm,
Photographs of trasmitting antenna and apparatus are shown
in figures 3.12 and 3.13.

E The equipment assembly  was - situated in a large

microwave anechoic chamber which is adequate above 200 MHz,

The generator frequency was varied from 220 to 360 MHz in
steps of 20 MHz., The experimental setup for relative
receiving gain measurements is shown in figure 3.14. The
incident voltage V as shown in figure 3.14, was maintained
at a constant level throughout the test while the reflected
voltage V as shown in figure 3.14, was minimized by tuning
the adjustable stubs at each frequency. The voltages V and
\Y given in figure 3.14, received at the terminals of the

passive and active dipoles were measured at each frequency

using a lewlett Packard Vector Voltmeter, model 84057, as H




Figure 3,12. Photograph of some equipment associated
with the transmitting antenna. (Signal Generator,
Double Stub Tuner and Vector Voltmeter.)
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Figure 3.13. Photograph of experimental setup for
transmitting and receiving antennas,
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shown in figure 3,12. The difference in the gain of the

receiving passive and active dipoles as a function of

frequency is shown in figure 3.15.
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CHAPTER IV

DISCUSSION AND CONCLUSIOHNS

4.1 Discussion of the Results

Examination between the theory and the experiment for
input admittance and voltage gain of the transistor circuit
as a function of frequency indicates good agreement shown in
Figure 3.7 and 3.8. These results confirm the basic idea of
using a transistor amplifier with inductive input impedance
for conjugate matching of the dipole antenna over an

appreciable frequency range.
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Figure 2.4 shows that the noise temperature of the’

receiving active antenna system is lower than that of the
passive antenna system over the 273-313 MHz range by a
maximum of 835 K at 290 MHz. Figure 3.3 shows that the VSWR
as a function of frequency of the active antenna is 1.4 to
1.9 and considerably lower than that of the passive antenna,
particularly for 1lower freguencies. Figure 3.15 shows that
the improvement in the gain of the active antenna over the
passive one in the 220-360 MHz range lies between 3 and 9 dB
approximately, where the larger improvements correspond to
lower frequencies.

The above improvements compare favourablv with previous
results reported by Landstorfer [184] who found that the

noise temperature of the receiving active antenna system was




|
|

1470 K at 475 MHz. The VSWR of the active antenna tested by
Meinke [12] is less than 2.5 in the frequencv range of 2.5
to 25 MHz, indicating a similar VSYR result.

The bandwidth of the active dipole antenna is larger
than that of the passive one by approximately 10 % for a
value R equal to 150 ohms used in the experiment, as shown
in figure 4.1. The calculated curves given in +this figure
indicate the significance of R for controlling the
bandwidth and the gain as well as for lowering the center
frequency of the active antenna.

The theoretical results in all cases agree favourably
with experimental data except for a few points in the
gain-frequency curve as shown in figure 3.15. This
discrepancy may be attributed to circuit wiring as well as
approximations in computing the antenna input admittance and

in taking the measurements described in chapter III.

4.2 Conclusions

In this thesis a technique for improving the bandwidth
and the receiving gain of a passive dipole antenna of the
same length has been presented, by introducing a specially
designed transistor «circuit which presents an inductive

reactance to the antenna and amplifies the received voltage.

The active antenna has been shown to have a higher gain and
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Pigure 4.1. ) Dipole gain vs. frequency. All curves correspond to receiving
dipoles of 1.8 mm radius and 44.8 cm tip to tip.




a larger bandwidth than the passive antenna while the noise
temperature of the receiving active antenna svstem is lower
than that of the passive antenna system over a limited
frequency range, Since for a given frequency, the value of
the noise temperature of the active antenna receiving system
is dependent on the noise of the transistor used, a further
improvement of the active antenna noise is possible with low
noise transistors. The center frequency of the active
antenna is, however, lower than that of the passive antenna.
This fact can be effectively used to reduce the physical or
electrical length of a passive antenna without sacrificing
its electrical performance. The frequency response of an
active antenna, the center frequency and the maximum gain
decrease, while the bandwidth increases, with increasing
values of the base registor R

The advantages of integrated circuits for antennas are
greater simplicity, increased reliability, smaller size and
weight and improved electrical performance. These features
are of considerable importance in broadcasting as well as in

satellite and space vechile applications.

4,3 Suggestions for Future Research

In this thesis an active antenna system was employed as

a single unit; however, it is possible to utilize multiple

42




units to construct active antenna arrays with elements whose
gain can be controlled independently as a function of center
frequency. In such arrays also the bandwidth can be
controlled electronically by varying the base registor R

As a results of its inherent properties, the active
antenna can be utilized for control of gain and half power
beamwidth as well as for low power transmission [25].

There are many types of matching networks for active
antennas. These networks comprise not onlv common bhase
transistor circuits, but also negative impedance converters
[26=29] and inverted common collector circuits [30-31].
Active antennas wusing negative impedance converters and
inverted common collector circuits may possibly achieve

larger gain, larger bandwidth, and lower center £frequency

than these of common base circuits employed in this thesis.
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APPENDIX A
CONVERSION BETWEEN 2, Y, AND ABCD PARAMETERS

The conversion from Z to Y parameters is given by

Y, =Z22/A%, Y ==22 /A2 Yp =iy /A/,

Y,5 =24y Nz (A.1)
where Az=%u Zy =29 Zg-

The conversion from Y to 2 parameters 1s given by

Zy =Y /AY: T2 z“’le JAY . Doy ==Yy ANY

Zoo=Y JNY (A.2)
where A y:‘.{” Yoo =¥, Yy

The conversion from ¥ to ABCD parameters 1is given by

A=Ypy /Yy, B==1/Y,, C==Ay/Yy

D==Y,, /Yo : ' (A.3)

The conversion from ABCD to Y parameters is given by

Y, =b/B, Y¥,,=-Aabcd/B, Yy =-1/B, Y¥,,=A/B (A.4)

where Aabcd=Al~BC,
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APPENDIX B

CONVERS IO} FrROM 7 7

FOR THE FIR ST TRANG

Y

The repres Fentatio Of the first transistor stage in
terms of gz Parameters jg shown in figure g,

:',,' Zib Zoob I
€ Doemas M”’Vy‘ Y Y’ T s -—-..-M-.—-.4‘/'V’;/’\J’S;LMQ.:<“. O d
.
Z:'szz e ZZH;II

b e

] Vs

Re

circuit can be furthar
modified asg shown in figure 2.2, using the

relationshipS‘
shown below,

7 Vi / — Iz HDTL tzb PL(J:"‘IZ’)/ = XL+ R
L=Y o LRt LA, o= EbtRe (g
é K} n I) leo I) Iz‘:o ( )
7’ I | _— 12113“‘123)22:..}' Re(1, 'fIw) . )
2{12bm—~j;]rluo T &f:““m I *‘szb‘i“}?b (5-2)
ot A Iz,/ >»b+]1 L21b f .:v ,+I?> o ‘ >
2tb = - feo ) L=0 7" ZzetRe (g 3)
’_ qu —_ I ?"/b f'Ii *Zlb‘* PH(I +1z)
B =r] =

L I=o — Z}2b+Rb (8-4)
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Figure E.2 Hodified equivalent circuit of figure B.l
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Q

COMMON COLLECTOR Y PARAMETERS IN

TERMS OF COMHON BASE Y PARAMETERS

Yiie =Yy, ¥Y o ¥ 5 Y5, {C.1)
Yige Ty Yoy | (C.2)

Yoo ==Yyp ~¥5p (C.3) |

Yo2¢ =Y, (C.4)




