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Chapter 5 Loop Antennas

» Simple, cheap, and give pretty good performance.
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Figure 5.3 N-furn circular loop and chmic resistance due to proxim-
ity effect, (SOURCE: G. S. Smith, "*Radiation Efficiency of Electrically
Small Multiturn Loop Antennas,”” IEEE Trans. Antennas Propagat.,
Vol. AP-20, No. 5, pp. 656-657, Sept. 1972® (1972} IEEE).
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Figure 5.7 Elevation plane amplitude patterns for a circular loop of constant cayrent
(a = 0.1A, 0.24, and 0.54).  Balanis, Antenna Theory (4th edn)
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Note: € being larger implies the wire is thinner. Typically, both the loop wire
radius b and circumference C = 2na are expressed in terms of wavelengths.
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¥igure 5,11 Current magnitude and phase distributions on small circular loop antennas.

(Balanis, 4th Edn.)

Note: Current progressively becomes more non-uniform as ka increases.
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) = 10. (Balanis, 4th Edn)
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Far-field normalized three- and two-dimensional amplitude patterns for a loop with C = A and
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5.4 cont.

» As shown in Figure 5.13, the directivity of an electrically-large loop is
significantly larger than a comparable linear A/2 dipole (D = 2.15 dBi).

» While the peak directivity occurs near C/A ~1.4, this size loop is not used
much due to impedance matching considerations.

» Near C/A ~1, the directivity is D ~ 3.4 dBi. D varies with wire thickness
described by Q=21In(2ra/b).

S L
Q C/h=ka | D(dB)
ol 8 1.48 4,626
3t 10 1.45 4.592
% 51 12 1.43 4.523
= 20 1.39 4.354
= 1
8 Or Q C/n=ka | D(dB)
1} 8 I 3.344
Sl 10 ] 3.412
12 1 3.442
_3 1 1 L 1 1 1 1 £ Lt
02 04 06 08 1 12 14 16 18 2 20 1 3.476

C/ A = ka (circumference in wavelengths)

Figure 5.13 Directivity of circular-loop antenna for 8 = 0, = versus electrical size (C/2).
[Balanis, 4th Edn]

Impedance
» As shown in Figure 5.15, the reactance of an electrically-small loop is very
inductive with a very small resistance (i.e., hard to match, not efficient).

» There is an anti-resonance near C/A ~ 0.5 where the resistance gets very large
while the reactance crosses zero going from inductive to capacitive.

» Near C/A ~1, the reactance of a loop goes from capacitive toward resonance
(i.e., X = 0) when C/A is a bit bigger than 1. The resistance is ~100 €.
Loops with thicker wires (i.e, Q2 is smaller) may not reach true resonance.
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Figure 5.15 Input impedance of circular-loop antennas. [Balanis, 4th Edn. |
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