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Active Loop Aerials for
HF Reception, Part 2:
High Dynamic Range

Aerial Amplifier Design

Want to build an effective low-impedance preamplifier?

Try an angmented common-base circuit.

he performance of any receiving

system is highly dependent on

the first few stages, and very
often the aerial itself is not given con-
sideration as being a part of that sys-
tem, let alone being recognized as the
stage that determines the minimum
noise figure (NF) that can be realized.
Aerials having poor efficiency or that
are not properly matched to the receiv-
ing unit can cripple the ability of the
operator to receive low-level signals.
Electrically small aerials, regardless of
their configuration, are especially vul-
nerable to low efficiencies and hence
become the critical element in a receiv-
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ing system where larger aerials with
good efficiency are impractical for any
of a variety of reasons. With many
radio amateurs and shortwave broad-
cast (SWBC) listeners living in apart-
ments or subject to property zoning
restrictions, small aerials having good
performance, both for transmitting and
receiving, have become increasingly in
demand. This two-part series will
describe the theory and practical as-
pects of a high-performance active
receiving loop aerial design.

Loop Aerials-A Brief Review

In the first part of this series, com-
pact aerials for limited space applica-
tions were discussed, along with a few
options such as short vertical mono-
poles, short dipoles and loops.! After-
wards, the various design aspects of
"Notes appear on page 48.

loop aerials were examined using a
variety of analytical and simulation
methods to evaluate the efficiency,
impedance and radiation patterns of
single-turn and multiturn loop aeri-
als. A single-turn loop having a diam-
eter of 1 m using Ys-inch copper tub-
ing was examined in detail both ana-
lytically and experimentally, showing
that the aerial was usable for frequen-
cies from roughly 5 MHz to 15 MHz.
In this, the second and last part of the
series, the aerial amplifier, tuner and
control unit will be described.

Active Aerials-An Historical
Perspective

Electrically small aerials are well
known for their low impedance charac-
teristics. The bulk of literature on their
design and performance focuses on the
preamplifier rather than the aerial



element itself since the low resistance
of the aerial represents a significant
performance limitation.? Since recep-
tion of signals in the 10 kHz to 30 MHz
spectrum is strongly hampered by ex-
ternal atmospheric, man-made and ga-
lactic noise, there is little reason to de-
sign a receiving system that has a noise
contribution far below the received ex-
ternal noise (see Note 2).

It is, however, essential that the
active aerial amplifier is designed with
the maximum possible dynamic range,
which suggests that both NF and IMD
performance be considered in the
design. Most active aerial amplifier
designs tend to focus on the NF per-
formance while giving IMD perfor-
mance little attention. There are some
notable exceptions, such as that pro-
posed by Nordholt and van Willigen.3

Aerial Amplifier and Tuner

A complete schematic of the aerial
amplifier and tuner is shown in Fig 1.
Balun transformer T1 is specifically
designed for low impedances. It couples
the balanced loop aerial to an unbal-
anced tuner consisting of varactor di-
odes D2 and D3 and inductor L1. An
augmented common-base amplifier,
consisting of Q1 and Q2 and T2 with
very low input impedance, a low NF,

and a high OIP3 then follows this. This
amplifier couples the low-impedance
loop aerial to the higher impedance of
the coaxial cable by way of a common-
base amplifier consisting of Q3, T3 and
T4. The voltage regulator U1l provides
a stable bias voltage for the amplifier
stages while Zener D1 provides a pre-
scribed drop from the supply voltage
to the tuner unit, allowing the varactor
diodes to have a tuning voltage of
approximately 0.5-12 V. The theory and
design of the balun transformer and
augmented amplifier follow in detail.

Low-Impedance Wide-Bandwidth
Transformers

As we noticed in Part 1 of this se-
ries, a very low resistance in series with
an inductance characterizes the loop
aerial impedance. We also learned that
it is best to operate the loop aerial with
a balanced feed to enjoy the full fre-
quency range available and retain the
radiation-pattern nulls that give this
compact aerial ideal directivity perfor-
mance. To maintain this balance, it
would be preferable that the antenna
be coupled to the tuner by way of a
broadband balun transformer before
applying any tuning. The reason being
that it is both difficult and expensive
to go about matching varactor diodes

to achieve a balanced tuning capabil-
ity. Such configurations are best left to
motor-driven dual variable capacitors,
an even more expensive option that
need not be considered for an active
receiving aerial. We must also keep in
mind that to maintain the efficiency of
the aerial, the balun as well as the
entire tuning section needs to be de-
signed to minimize loss.%5

In the design of broadband trans-
formers, several details need to be
considered. To begin, the ferrite or
powdered-iron material in the core
must be appropriate for the operating
frequency range. Choosing the wrong
material can lead to either insufficient
coupling at low frequencies, or exces-
sive core losses at high frequencies.
For a broadband transformer being
used at low impedances, either of these
can prove fatal. Generally, the choices
for HF can be cobalt-nickel-zinc
ferrites such as Ferronics mix K or a
high permeability carbonyl-powdered-
iron material such as Micrometals mix
8. For low HF frequencies, nickel-zinc
ferrites such as Ferronics mix J or
Fair-Rite mix 61 are good choices,
while for frequencies below HF, man-
ganese-zinc ferrite materials such as
Fair-Rite mix 44 will give good perfor-
mance. Remember that powdered-iron
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Fig 1—Antenna-amplifier schematic.
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materials are “lossier” than ferrites,®
but they are preferable for broadband
transformers at upper HF and beyond.

The shape of the core is also an im-
portant factor. Broadband transformers
wound on toroidal cores have the high-
est degree of leakage inductance, which
lowers the maximum usable frequency
of the transformer and lowers the high
end of the aerial’s tuning range. The
balun (or binocular) core is generally
the best shape for all practical purposes.
For low frequencies, pot cores give even
better performance because their leak-
age inductance is lowest and they de-
liver inductors and transformers of
much higher @.” Not all materials are
available in all shapes; this further
decreases the options available. The
materials mentioned earlier are all
available as balun cores, while addi-
tional materials are available in the
form of toroids and pot cores.

Then there is the matter of the wire.
For both good balance and coupling, the
wires should all be twisted together.
This implies that each strand will be of
the same length. Also, the number of
wires should be chosen so that the
inter-wire coupling is uniform.8 Fig 2
illustrates the reason for this last state-
ment. In the first case there are only
two wires, and obviously the inter-wire
capacitance, hence the coupling, is uni-
form. In the second case, there are three
wires, and the inter-wire capacitances
are equal between all three wires, again
making the coupling uniform between
all the wires. In the third case where
there are four wires, the capacitances
are not equal. For immediately adjacent
wires, the inter-wire capacitance is of
value C, but for the diagonally opposite
wires the capacitance is reduced to
0.707 C, which means that the coupling
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Fig 2—Inter-wire capacitances for twisted-
wire transmission lines.
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is not equal between all four wires.
From this, it should be obvious that
for uniform coupling in broadband
transformers, the number of wire
strands should be limited to either two
or three. Since we want to make a balun
transformer, this brings our choices
down to three wires, for which there are
two configurations available, (see Fig 3).
In the first case, the balun has a bal-
anced-to-unbalanced impedance ratio of
4:1. Since the loop aerial already has
very low impedance, reducing it by a
factor of four will make the design of
the broadband transformer and the
aerial amplifier more difficult. The sec-
ond balun has a balanced to unbalanced
impedance ratio of 1:1, which although
it doesn’t improve the low-impedance
situation, does not make it any worse.
In addition, the direct coupling between
the unbalanced and balanced terminals
of the second case will improve the cou-
pling at lower frequencies, allowing us
to use less wire and core materials. This
helps in lowering both the resistive
losses and the leakage inductance.?
Taking all of these details into con-
sideration, balun transformer T1 con-
sists of two turns of trifilar #32 AWG
enameled wire, having twelve twists per
inch, on a Fair-Rite 2861002402 balun
core. The remaining transformers also
use this core. T2 consists of two turns
and six turns of #32 AWG wire. T3 and
T4 each consist of two turns and four
turns of #32 AWG wire. With these
transformers, the aerial amplifier gives
good performance up to 20 MHz, after
which increasing core losses cause the
@ of the tuner to deteriorate. Construct-
ing the transformers using Ferronics K
material cores gives good performance
up to 24 MHz, but these cores are both
difficult and expensive to obtain.

Tuning Section

The tuning section of the aerial
amplifier consists of varactor diodes D2
and D3 and inductor L1. The
MVAM115 hyper-abrupt varactor was
chosen so as to give a wide tuning
range. These are difficult to find now,
and the NTE618 makes a good substi-
tute. The tuning voltage is derived
from the supply voltage passing

through the coaxial cable, which is
dropped 7.5 V through the 1N5236B
Zener diode D1. This drop is necessary
because the 78L05 (U1) voltage regu-
lator requires a minimum of 8.0 V to
provide adequate regulation for the
amplifier 5-V bias. The tuning voltage
is applied to the varactors through R2.
The dc ground for the varactors is by
way of the input balun transformer and
L1, the value of which is chosen to pro-
vide a parallel-resonant trap for AM-
broadcast signals when tuning at the
low end of the range.

Carefully choose C2 because it is
in series with the antenna and the am-
plifier input stage, both of which have
low impedance. This capacitor should
have an exceptionally low equivalent
series resistance (ESR) so as to mini-
mize additional losses in the initial
stages of the active aerial. Ceramic
capacitors made with materials such
as Y5V and Z5U will cause the gain,
NF and tuning @ to deteriorate with
increased frequency because of their
relatively high ESR. Instead, use high
quality porcelain capacitors such as
the 200B series from American Tech-
nical Ceramics (ATC). In a simple test,
the performances using a Y5V ceramic
disc versus an ATC 200B porcelain
chip capacitor were evaluated. The
difference was an additional 15 dB of
gain and a fivefold increase in the tun-
ing @ at 15 MHz.

Augmented Amplifier

Earlier, I mentioned that a major
limiting factor in the noise perfor-
mance of an active aerial is the low
antenna resistance, so low that even
a theoretical fourfold increase will not
offer any significant performance im-
provement (see Note 2). From this, it
is obvious that the burden for design-
ing high-performance active aerials
lies in the design of the aerial ampli-
fier itself. The characteristics that de-
fine a suitable amplifier include, but
are not limited to, low input imped-
ance, low noise figure and low distor-
tion. Most aerial amplifiers answering
to these criteria generally fall into the
configurations of grounded-grid, com-
mon-gate and common-base. Of these,
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common-base amplifiers offer the best

opportunity as they tend to have much Noise Model of Q1

lower input impedances than their

common-gate counterparts, and a low BI N\ "

NF is easily obtained. One drawback, T

however, is that the input impedance }
|
|
|
|

is actually the nonlinear emitter-base
junction, which is the primary source
of distortion in common-base amplii- | +___ | h
ers. This nonlinearity problem and the E
already low input impedance can be -
substantially improved by the appli- Notse Model of 2
cation of linearity augmentation. 11kQ
Augmentation is a recent entry in
the methods available for amplifier
linearization.10 1! The emitter input
impedance of a common-base ampli-
fier is reduced in value and made more
linear by detecting the signal voltage
at the emitter, and then applying an
amplified and inverted signal voltage
to the base. Since the emitter signal Fig 6—Input stage low-frequency noise model.
voltage is a measure of the nonlinear
emitter input resistance, connecting
the inverted and amplified signal volt-
age to the base serves to increase lin-
earity of the emitter input resistance
as well as decrease it, thus improving
the linearity of the common-base am-
plifier. There are both passive and

active forms of augmentation, and in o 6

this design both are used in tandem RF | (I_m

in the input stage of the aerial ampli- " 0) ) ( RF Out
fier. To gain an understanding of the §N32 — :
augmentation process, let’s begin by . T3

considering the emitter input resis- = ©°

tance of a common-base amplifier: 1
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If we now apply an input signal voltage V, from a sig-
nal voltage source having linear source impedance R, the
emitter-input current I, becomes:

__ I (Eq 2)
RS + T

Ig

For frequencies in the aerial’s range of operation, Q1
and T2 form a passively augmented amplifier, as shown in
Fig 4. Here, the signal voltage appearing across the pri-
mary winding of T2, which is the emitter signal voltage of
Q1, is inverted and magnified by a factor of three at the
transformer secondary winding and then applied to the
base of Q2. At the same time, signal current from the base
of Q1 is magnified and inverted back to the primary of T2,
which serves to further reduce the apparent emitter input
resistance, which becomes:

Ve Ve Ve

I N qVEk(TN+1) Ve N+1
1—h— x Iye Iy| e KT

(Eq 3)

fe

which shows that the apparent input resistance 7’ of Q1
decreases rapidly as the turns ratio N of T2 is increased.
With this lower resistance substituted into Eq 2, the
input emitter current becomes:

Bz (Eq 4)
Rg +17

Ig

Since the augmented ', of Eq 4 is now much less than
the unaugmented r, of Eq 2, the linear source resistance
R, dominates the determination of the emitter input cur-
rent and is therefore more linear. This linearization tech-
nique decreases the odd-ordered IMD products, such as
third (1x2, 2x1), fifth (2x3, 3x2) and so forth, that appear
immediately adjacent to the desired signals by as much as
30 dB for a transformer ratio of 1:3

Since the coupling of the augmentation transformer (T2)
decreases at low frequencies, the method of passive aug-
mentation loses its effectiveness in addressing the odd-
order IMD products, such as second (1x1), fourth (2x2) and
so forth, that appear at the lower baseband frequencies.
These can disturb the transistor bias conditions and pro-
duce further in-band distortion products. For this purpose,
active augmentation is applied by way of Q2, as shown in
Fig 5. Here, the nonlinear emitter input voltage of Q1 is
applied to the base of Q2, which produces a collector cur-
rent, I, which is then applied to the base of Q1. The
apparent emitter resistance for the actively augmented
amplifier circuit is:

’ V_E VE

1 q Ve
jX 108 kT

fe2

(Eq 5)

+1+
(hfel h

which is a more substantial reduction in the apparent
emitter resistance than Eq 3.

This method of augmentation also has advantages in
terms of noise. Referring to the low-frequency noise model
of Fig 6,12 voltage source Vps represents the noise added
by Ul, and the voltage source Vi, represents the thermal
noise added by the resistors and other passive components.
The bias conditions for Q2 are selected in favor of good
IMD performance with some consideration given to NF.
For Q2, the bias conditions are selected to favor NF, typi-
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cally less than that of Q1. The values of R4, R5 and R6 are
chosen to provide proper source resistance for good NF
performance of Q1 and Q2. As the gain of Q2 increases,
the output noise of the amplifier becomes that of Q2, which
at low frequencies is mostly 1/f flicker noise. A method
somewhat similar to active augmentation is used to de-
crease the SSB phase noise of microwave and millimeter-
wave oscillators caused by 1/f noise.!3. 14

The output from the input stage is connected to the
emitter of common-base amplifier Q3, which serves to iso-
late the input stage from the varying supply voltage on
the coaxial cable. Together with T3 and T4, this stage pro-
vides 24.1 dB of signal power gain.

Control Unit

A complete schematic of the control is shown in Fig 7.
The power supply starts with the power transformer and
continues on to C2, with LED D5 providing a power-on
indicator for the front panel. Q1 and Q2, along with R4 to
R7 provide current limiting in the event that the coaxial
cable to the aerial amplifier is shorted, with LED D6 pro-
viding a visual fault indication on the front panel. The
current limiter reduces the reference voltage at the top of
tuning potentiometer R10, which should be of the 10-turn
variety for adequate tuning resolution.

Q3 performs two distinct functions. First, it is the pass
device that controls the voltage to the aerial amplifier
through the coaxial cable, the voltage being controlled by
tuning potentiometer R10. Second, it is the common-base
amplifier transistor for the passively augmented loss-less
feedback amplifier,15: 16 which includes T2 and T3 wound
on Fair-Rite 2861002402 balun cores. Feedback trans-
former T2 has windings of 2:2:6 while T3 has windings of
2:6. When constructing this amplifier, be very mindful of
the phase orientation of the various windings. This ampli-
fier provides an additional 6 dB of power gain, giving the
active aerial system a total gain of about 30 dB.

M1 indicates the tuning of the aerial amplifier. Potenti-
ometer R8 is adjusted for full-scale deflection when the
tuning potentiometer is set at maximum.

Synopsis

The active loop aerial described here performs more
than adequately for serious DX purposes. The tuning @
ranged from 37 at 6 MHz to over 67 at 14 MHz, which
decreased above 15 MHz because of the lower @ of the
loop aerial itself. This makes it obvious that a 10-turn pot
should be used for the tuning control. The OIP3, as mea-
sured at the output of the control unit, was +5 dBm at
both 6 and 14 MHz, while the measured NF was 1.72 dB
at 6 MHz and 1.63 dB at 12 MHz.

Although the aerial will tune down to 5 MHz, remem-
ber that the aerial efficiency at that frequency is probably
less than 10%, which will add to the NF of the aerial am-
plifier considerably. It would be better to use a 2-meter-
diameter 1-turn or a 1-meter-diameter 2-turn loop for the
lower bands in order to enjoy the higher efficiency and
keep the NF reasonable.

The author uses a variety of active loops for SWBC
DXing, including a 2-meter-diameter 1-turn, a 1-meter-di-
ameter 2-turn, a 1-meter-diameter 1 turn and a 0.75-meter-
diameter 1-turn loop—all with equally good performance.
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