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Abstract:

A simple design method of multiband active loop antenna for multiband reception is
presented, the propose antenna work for LW and MW. Theoretical overview of the loop antenna
is provided where the magnetic field equation is derived. Description of the design consideration
and circuit of the antenna are presented, these antenna is simple, cheap and easy to construct and
installation. Finally with practical experiment this antenna show good reception properties.
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1-Introduction:

Loop antennas are of interest to a wide range of users, from shortwave listeners (SWLs) and
radio amateurs to designers of direction-finding receiver systems. SWLs and radio amateurs living
in confined areas such as apartments or in communities having antenna restrictions find loop
antennas and especially active loop antennas to be a practical solution as they can offer directional
performance similar to that of a dipole antenna while taking up a considerably smaller space, and
their small size makes them readily adaptable to mechanical rotation.

However, the high inductive reactance of the loop antenna impedance is detrimental to
wideband performance, and remote tuning is often employed for achieving good performance and
enjoying the highly desirable magnetic field response, which provides some degree of immunity
from electric field noise from sources such as lightning discharges, faulty mains transformers, and
fluorescent lighting.

Simple, inexpensive and very versatile antenna type is the loop antenna. Loop antenna takes
many different forms such as a rectangle, square, triangle, ellipse, circle and other configurations.
Because of the simplicity in analysis and construction, the circular loop is the most popular and has
received the widest attention. When it used in any application, it is usually in the received mode,
such as portable radio and pagers.

A compact Active magnetic loop antenna primarily designed to provide improved
performance over conventional passive and active antennas. This Active loop set standards for the
listener. With Active Loop antenna, it is possible to reject locally radiated and mains borne noise
and still provide improved sensitivity compared to larger antennas.

2-Broadband Loop Features

With Active Loop antenna, very low inter-modulation products ensures good performance in a
strong signal environment, where some active antennas generate inter-modulation products which
can appear as spurious signals interfering with reception. This interference or second order inter-
modulation is caused by non-linearity in the amplifier, producing signals which are the usually the
sum and difference of strong Broadcast stations.
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The Broadband Loop has been specifically designed to reduce inter-modulation products to a
minimum. The second order and the third order intercept points are typically +70dBm and +40dBm
respectively. Thus the level of the inter-modulation products are generally below the atmospheric
and manmade noise, so the design has much lower MW Inter-mod.

Up to 30dB rejection of locally radiated and power-line noise compared to an active whip antenna,
figure of eight directivity and deep nulls to further reduce interference.

3-Loop Antenna Advantages

The active antenna solves the problem of impedance matching to the feeder and yet the
performance is comparable with larger antennas. However, most active antennas are the whip type
and respond mainly to the electric-field. The Broadband Loop responds primarily to the magnetic-
field as shown in Fig.(1), this ensures high rejection of nearby electric-fields. The intensity of the
electric-field is usually higher than the magnetic-field when an antenna is close to interference
sources such as TVs florescent lamps, mains wiring etc. Therefore, by rejecting the electric-field
there will be a reduction in local interference compared to other types of active and passive
antennas. Interference reduction is further enhanced by the deep nulls of the 'Figure-of-Eight'
directivity pattern.

MNear Field
Low magnebc field  High magnetc held Far Field

Eletric field and
magnetic field are
efual and mutually
ependeant

Wire antenna
eleciric fie
interference

Loop Antenna rejects
electric field

. Local interference
interference

radiator, &.g.
mains wirng, ete

Fig.(1) Conceptual Ilustration Of The High Electric Field Compared To
The Magnetic Field Close To A Local Interference Radiator

4-Theory Of Magnetic Loops

Magnetic field intensity, H, expressed in units of amperes per meter, produces a magnetic flux
density , B, expressed in volt seconds per square meter. Flux is proportional to applied field.

(1) B=pH
I expressed in Henrys per meter, is the magnetic permeability of the medium, the analog of
electric permitivity. We will let M equal Mo, the permeability of a vacuum (spacetime itself). This
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assumption is well justified for air core loops surrounded by non magnetic media, including air,
water, dirt, vegetation, etc.

The total magnetic flux, &, in volt-seconds, threading an area is the flux density integrated over the
area. The vector n denotes a unit vector normal to da, the element of the surface being integrated
over.

(2) D= IB'H da

Voltage around a loop is proportional to the rate of change of the amount of flux threading the loop
area. When multiple turns are in series, the total voltage is the sum of the individual turns.

3) v=N 9%/,

Notice from (3) that a motionless loop in a constant dc field produces no voltage. Combining these
three equations gives an expression for the terminal voltage of a multiturn wire loop. The vector
normal component of the H field is integrated over the loop area, and differentiated by time.

(4) V=13 N d/ﬂﬁ IH-n da

When the H field is uniform over a planar loop, we can take H out of the integral and express its
vector normal component as the magnitude times the cosine of the angle between the H vector and
the loop axis.

(5) V =y N cost d/dﬁ H] Ia’a

and the integral becomes simply the loop area.
(6) V=po N A cosB %/, H

Most of the calculus is solved, but the time derivative of H remains. We can reduce it to simple
algebra by examining a discrete frequency (£3t) component of H, with peak amplitude Ho.

(7) H=H; sin(cwt)

Which transforms equation (6) into:

(8) V=1 NA cos8 %/, (H sin(cot))
So we now rid ourselves entirely of calculus:

(9) V= NA cost H;w cos{cwt)

Taking the magnitude of the signal, we get loop terminal voltage as a straight algebraic product of
Six terms;

(10) V=2mu, N A Hy f cost
Where:
2Ty 12 a constant.
M 1z the number of turns
A 15 the loop area, in square meters,
Hg 1z the applied magnetic field, in amperes per meter.
f is the frequency, in Hertz
cost 1z the costne of the angle between the loop axis and the field.

The persistent product of N and A are the only remaining terms which describe characteristics of
the loop itself. This product suggests a figure of merit for loop antennas, the "effective aperture”,
Ae , which is the physical area times the number of turns.
We can now express the on-axis sensitivity of a loop, which is the terminal voltage divided by the
applied magnetic field, as the product of only three terms:
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(11) ViH; =2mpy, A,
Where:
WiHg 15 the output voltage per umt magnetic field strength applied
2Ty 17 a constant = 789 x 10°%.
A, 15 the loop effective aperture, in square meters.
f 1z the frequency, n Hertz

5-Design considerations
Receiving antennas can be characterized by their “effective height” heff. The output voltage U

for an electrical field strength E is then given by

U= heff .E
The effective height of a loop antenna is

hers = 2tnAC0OS D/A
where n is the number of turns, A is the loop area, A is the wavelength, and @ is the angle between
loop plane and transmitter. As we see, the loop’s output voltage is inverse proportional to A, or
proportional to the frequency f.
Actually the loop senses the magnetic field, not the electrical field. But in the far field of a
transmitting antenna (a condition that is usually met), electric and magnetic field vector are simply
related by a factor. This is the reason why the output voltage can be expressed in terms of the
electrical field strength E.
At 30 kHz, the effective height of a single turn loop of 1 m diameter is only 0.5 mm. This is very
small compared to an E-field antenna of similar size: The theoretical value for a 1 m vertical rod
over a conducting surface is hes = 0.5 m. So why not increase the number of turns to, say, 1000?
Unfortunately the more turns, the larger the inductance L and hence the larger the inductive
reactance X = 2xfL in series with the “generator “voltage U. In multi-turn loops, L increases by a
factor of about n'®. Furthermore, the inductance and the loop’s stray capacitance form a resonant
circuit, which may limit the usable frequency range.
On the other hand, if the loop is connected to an amplifier with a very low input impedance, the
inductance can be used to compensate for the U ~ f property. If the amplifier’s input resistance is
less than the inductive reactance at the lowest frequency of interest, the output voltage is
independent of frequency. The low resistance also damps the stray parallel resonance to Q << 1.
Due to the (almost) shortened loop inductance, this kind of antenna is completely insensitive to the
E-field.
The loop shown in figure 2 has an inductance of 1.2 mH; its resonance frequency is about 350 kHz.
At 10 kHz, the reactance is 75 ohms. With an amplifier input resistance between 30 and 100 ohms,
however, the sensitivity was found to be insufficient for frequencies above 70 kHz, compared to my
other active antennas, a Rohde & Schwarz HE-011, and a Wellbrook ALA1530 loop. For this
reason, a slightly different design was chosen: Instead of using a “zero input impedance” amplifier,
the loop is terminated by a load of a few kohms.
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Figure 2. The prototype loop has 40 turns and a diameter of 38 cm

5-1:Circuit description

The amplifier circuit shown in figure 3. With the load resistance R1 = 2.2 kW, the Q factor of
the loop’s inherent parallel resonance still fairly below 1, hence the resonance does not cause
problems. The feedback circuit of R5, R6 and C3 makes the signal loss at low frequencies less
severe. Since the antenna was intended for radio monitoring rather than for precise measurements,
no further effort was taken to obtain a flat frequency response. Resistor R7 in series with the
amplifier output ensures stability when using a long cable.
The circuit is powered remotely through the antenna cable. The splitter made of L1 and C7 can be
used, but other power supplies for active antennas might do as well. 24 V supply for the active loop
antenna was used. A clean supply voltage is mandatory. Switching regulators (e.g. tapping the PC
power supply) will usually cause problems, but linear power supplies can also be noisy. Integrated
regulators like the LM317 or the 78xx series need a large capacitor of 1000 uF or more at the input
terminal to reduce the noise in the LF and VLF range, in parallel to the common 100 nF.
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Figure 3. Circuit diagram of the loop amplifier
Table(1) shows the loop amplifier circuit components
Component | Component | Component | Component | Component Component
name value name Value name value
R1 2KQ R8 330Q C7 1uF
R2 47KQ C1 10pF Ul OP27
R3 47KQ C2 4TuF
R4 100Q2 C3 INf
R5 22KQ C4 2uF
R6 1KQ C5 100nF
R7 ATKO C6 100pF

5-2:Construction
As can be seen from figure (2), the construction can be kept very simple. The loop has a
diameter of about 40 cm and 40 turns, which needed a little less than 50 metres of wire. Neither the
diameter, nor the number of turns nor the exact shape are critical. The loop is easier to wind on
some kind of bobbin, a box for example. You can bend the antenna into a circular shape afterwards.
A 1.5 mm? “electrician’s wire” (diameter including insulation 2.7 mm, core diameter 1.4 mm) was
used. Thinner wire is ok; with a 0.5 mm wire, the inductance will increase by less than 20 percent
and the resistance still does not matter. With thick wire, however, the antenna can be built without a
supporting structure; the loop in fig. 2 is held together simply by cable binders. The amplifier was
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built in a conventional technique (with old-fashioned components that still have wires...) on a small
piece of strip-line material (figure 4). An OP27 was chosen for U1 “because it was available in the
market”. Other types like LT1028, or so-called audio op-amps like LM833 (a dual op-amp) will
probably also work. Anyhow, everything said here should be taken as ideas for own experiments
rather than as a bullet-proof recipe; the whole thing can still be optimized.

e o @

S

¥,

1
-:\ "’

)

Figure 4. The amplifier circuit

5-3:Practical experiences

The results with this antenna of course strongly depend on the local noise floor. While writing
this, 1 can hear BBC(12.88kHz) and SAWA station (15.50KHz), with the loop two arm lengths
away from the computer. Below about 250 kHz, the antenna has very sharp bearing minima. You
can at least distinguish whether a station is located in direction NW or in NNW (or in the opposite
directions of course, as bearings with loops are ambiguous). A precise direction calibration down to
the one degree level is pointless, not only due to the semi-rigid construction, but also due to the
portable character of the antenna, since the deviation strongly depends on the environment.
As a consequence of the non-zero termination resistance, the loop is a bit sensitive to electrical field
components and to capacitive coupling at higher frequencies, and above 250 kHz, the antenna
slightly “squints”. That is, bearing is still possible, but the angle between the two minima is not
exactly 180°, and the antenna should be rotated without grasping the loop itself. Below about 100
kHz, however, the loop is completely insensitive to touching.

6-Conclusions:

1-loop antenna is used for reception batter than transmission,
2- Active antenna has improve performance
3-No planning problems, work at ground level,
4-has low noise performance
5-Low inter-modulation distortion,
6-Easy to construct and installation, cheap and simple
e ldeal for LW/MW with antenna rotator
e No tuning necessary or matching unit
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