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DESIGN OF ELECTRICALLY SMALL BROADBAND RECEIVING
ANTENNAS UNDER CONSIDERATION OF NONLINEAR DISTORTIONS
IN AMPLIFIER ELEMENTS.

H.K.Lindenmeier
Institut fir Hochfrequenztechnik, Techn,Univ. Munich

Abstract: The design of electrically small receiving an-
Tennas 1s not a question of the received signal power,
impedance bandwidth or antenna losses but only of the
s1gna1 -to-noise ratio (snr) at the receiver output. Snr
is limited by the field-to-noise ratio at the location
of the antenna. It is shown that with a given antenna
height optimum snr is only obtained if the first ampli-
fier stage is directly connected to the antenna element.
With vertical rod monopoles the optimum location for the
amplifier in the antenna with respect to snr is found at
a certain height above the ground. An antenna of this
kind is an ideal element for a direction-finder system.
The broadband pick up of undesired signals requires high
linear and low noise amplifiers with a wide linearity
range in order to suppress nonlinear distartions, which
could deterioriate the snr. It is found, that an optimum
antenna height may be determined, which in the frequency
range from 10 kHz to 30 MHz is not greater than 1 m, At
the present time antennas of this height and operational
frequency range, which stand an undesired field intensi-
ty of 40V/m for 204B suppression of cross modulation
are produced in large quantities and are in practical
application especially in mobile communication systems,

1. The disturbed receiving system: Fig.1 presents an ac-
tive broadband receiving antenna
le“ with base amplifier, excited by the
Fig.1 signal fieldstrength E, and the un-
h jE desired noise field 1n%ens1ty €
d P. and P_, represent the appertgﬁ—
ning powgé components at the recei-
> ver output. Due to the electromnic

Fy noise of the active antenna part
:::uA the noise power P is produced at
1ZL '11.&u the receiver out-""put and the re-~
- PR celver itself adds its noise power
receiver o . As a result of the broadband
u p&gk up of large undesired signals
nonlinear distortions may occur in the active antenna
and intermodulation products may appear within the r-f
channel B_ and produce the power P_.. The determining
quantity “for the efficiency of a communication chan-
nel i1s the channel capaclty Cc, which is a mere function

of Pd/Pu » where B =P, + B+ P.. + P . is the to-

tdl undesired power:
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will decrease, Under the assumption
/Pua being negligible small, the

for a tolerable 3dB
is that height
thad n the broad-

mals causing nonlineggtdistortions

/P in equ. (1) may deteri-

NI h@ight: Fig.2 presents the equivalent
o active rod antenna with a high input
ssive antenna part is charac-

[ e e g Sy terized by the sig-
1R Gty }’yﬂ‘®!‘ Zy ja - nal source Ei-hce,
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gBurce Vv, _ repre-
sents thaamplifie%a noise
which is a constant for f=
100kHz. The effect of v, .
is regarded to be caused™
by a fictitious egquivalent
noise fieldstrength €ua?
which for a FET rough="1ly
reads as:

ua

1
(140,/0) ) (2)

| with 32 =
with vZ = 4kTOBc/gm

gm:mut.cond.FET; k:Boltz.c.
If the amplifier in Fig. 2

\J would be removed and the

line directly comnmected to
the rod a much larger equi-
valent noise fieldstrength
due to receiver noise is ob-
tained than with the active



I Fig.4 antenna, In Fig.3 values of
1o LSTA10A 26 c0.01-30 I equivalent noise fieldstrength

g““"mmaAﬂﬁmuimﬁ\ are plotted versus frequency
" | for different h of active (unin-
{ Aj%m \ terrupted) and passive (dashed)
"yﬂnbﬁkﬁi’ antennas, The dash~-dotted curve
<o Beta3s ¥m” draws the median value of the

external noise as given by CCIR,
The points of intersection be-
tween the uninterrupted curves
% 100 : v —w o and the CCIR-curve deliver the
kHz o kHz o MHz  MHz Mz Mz curve of h versus frequeéncy
for the Opgctive antenna,
h0 £ may also be obtained from equ. (2),which with a2 sim=-
P ple rod of height h=2heff reads as:
hopt = 2V (4xT /g )/ &2 /B) - (1 + C_/C,) (3)
The curve of h in Fig.4 shows the optimum antenna
height with maﬁpﬁade noise having been taken into account.
The thick horizontal lines indicate the height and the
frequency range of operation of several models of active

antennas which are produced in quantity in Germany and
have been developed in cooperation with industry.
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3, Optimum height of feeding gap: For a given total
heightT h, of the antenna in Fig. ba and a given_input
capacitarice C_ of the amplifier the ratio E;/\[€Z

which is propdrtional to (Vd/Ed)/V'ﬁ7Z is Maximd® if the
amplifier is built into the aftenma@at a certain height
h,, above the ground. Fig.5b presents V /Ed of the antemnmna
i% Fig.5a for different wvalues of Ca and ht=3m. With
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C_=5pF optimum height hy is 1,8m and the gain of sensiti-~
vity compared to =0"is 2,6 dB., Use has been made of

this effect with an dctive antenna (h,=2m, h =1m) for

the direction-finder system (Telefunkgn) shoWn in Fig.6.

Due to the high impedance capacitive load C_ the currents

on the antenna parts are very small and pre%ent the an~-
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tennas from interaction due to radiation coupling.Besides
the mast hy, forms a counterpoise to the whip h. Fherefore
with a ver simple ground network extreme small direction
finding errors are obtained even with sky wave bearings.
This antenna replaces the formerly used 6m and 10m high
passive rod antennas.

Fig.6

4, Intermodulation and cross modulation: As to be seen
Trom cqu. (1) intermodulation products P _. are to be valu-
ated in comparison with tle inherent nois8*p of the ac-
tive antenna and not,as it is often done, iR®comparison
with the undesired signal (intermodulation suppression).
The immunity from disturbance can be told from limiting
valuen of interfering carrier fieldstrengths E and
oo The intermodulation product of which causgf1P /P _=1
“rou. (1) with the second and third order productglre—a
ivoly. With o 1m active broadband rod antenna (10kHz

Limiting values of vEuf ‘E o = 45mV/m for se-
cont order and JB T Bl = 250 ThV/RTesor thira order
i ~urtim1(&=5[&5 hivébeen obtained. Intermodulation

wiuets cauced by interfering field intensities below
0 . are not detectable from the inherent antenna
i with standard data the suppression of se-
third order products respectively is better
and 120dB with B o =E jn9=100mv/m. Investiga-
in procticr have shoWhi  “Pthat these tolerable
inteneities are so large that the antenna is not
red by dictortions due to broadband mixing. With
vtice the receiving system is more en-
modulation from a nearby located trans-
i, oince the remodulation of the desired
by the undesired (£.) occurs broadband. In
©tolerable rme-vallte E of an unwanted am-
50%) signal at £ causing a certain
290) iz important. By means of a low
car nepative feedback amplifier the un-
for E in Fig.7 are obtained with

bod
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