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Complete Design Procedure of a Size Constrained Printed Planar
Log-Periodic Dipole Antenna

Guilherme C. Vieira and Custódio Peixeiro*

Abstract—This paper describes the design, fabrication, and test of a printed planar log-periodic dipole
antenna to be used as a standard gain antenna in simple, low frequency, anechoic chamber far-field
antenna measurements. The design procedure is size constrained by the photolithographic printing
circuit fabrication process. Maximum gain and an input reflection coefficient below−10 dB are envisaged
for the frequency range 0.5–2.5GHz. The antenna is printed on a low cost FR4 substrate, and a careful
analysis, with optimization of all the antenna physical parameters namely: number, length, spacing
and width of the dipoles, width of the feed line traces, feed line termination, feed balun, and substrate
shape, is carried out. The good agreement obtained between numerical simulation and experimental
results provides validation of the proposed antenna configuration and design procedure.

1. INTRODUCTION

Since its invention by Isbell [1], in 1959, and the introduction of simple design rules by Carrel [2], in 1961,
log-periodic dipole antenna (LPDA) has been successfully used in many civil and military applications
ranging from the high frequency (HF) band [3] to millimeter waves [4, 5]. There is a wide variety of such
applications, namely: HF ionospheric communications [3, 6], TV reception [7], satellite communication
systems [8], Wi-Fi [9], ultra-wideband (UWB) communications [10], 5G communication systems [11],
electromagnetic compatibility (EMC)/electromagnetic interference (EMI) measurements [12–14], radio
frequency identification (RFID) [15], direction finding [16, 17], measurement of the macroscopic
characteristics of building materials [18], automotive radar [5], wireless energy harvesting [19], mm-wave
passive imaging systems [4], electrical field sensors [20], and radio astronomy [13, 21, 22]. Its continued
success stems from the extremely wide bandwidth (conceptually unlimited, in practice only constrained
by size at low frequencies and fabrication accuracy at high frequencies), stable unidirectional radiation
pattern, medium gain, very low cross polarization, and simple easy to design low profile geometry.
For frequencies up to the very high frequency (VHF) band only wire dipoles can be used, but for the
ultra-high frequency (UHF) band and above, printed configurations are usually adopted combining the
advantages of the LPDA and of the photolithographic printing circuit board (PCB) technology [23].

The University of Lisbon far-field anechoic chamber (8× 4× 4m3) facility is certified for antenna
measurements above 2GHz. A set of pyramidal horns from Flan Microwave (FMi) [24] are used
as standard gain antennas. Mostly for academic work (MSc and PhD thesis) but also for some
industrial and research projects there is the need of experimental validation of new antenna concepts and
configurations, below 2GHz. Although such experimental results cannot be certified they, submitted
to an appropriate critical analysis, can be valuable. Standard gain horns to be used below 2GHz are
expensive, bulky, heavy, and difficult to handle. For instance, the FMi horn for the frequency band
1.14–1.73GHz (model no. 06240-10), with the corresponding waveguide to coaxial transformer, weights
12.9 kg and is 64.5 cm long. On the contrary, a printed planar LPDA is low cost, low profile, lightweight,
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and easy to handle. Moreover, it can cover the frequency range of several pyramidal horns avoiding the
cumbersome and time-consuming change of the standard gain antenna in wideband measurements.

This paper describes the design, fabrication, and test of a printed planar log-periodic dipole antenna
to be used, in this facility, as a standard gain antenna in the frequency range 0.5–2.5GHz. The design is
size constrained by the maximum PCB allowed (420×350mm2) in the photolithographic printed circuit
fabrication process. This constraint imposes a limitation to the antenna width and length. The physical
parameters of the size constrained LPDA configuration are optimized to provide an input reflection
coefficient below −10 dB in the 50Ohm coaxial feed cable, and maximal gain, in the indicated frequency
range. There are many printed LPDAs available commercially, the novelty of the proposed approach
comes from the size constraints and the optimization of each of the antenna physical parameters to fulfil
the requirements of the envisaged application as standard gain antenna in far-field anechoic chamber
low-frequency wideband antenna measurements. Moreover, it is necessary to point out that a new and
complete iterative design procedure is used to fulfill the imposed size constraints while maximizing
the gain. Such gain maximization is important to mitigate the effects of unwanted reflections on the
anechoic chamber walls.

2. ANTENNA CONFIGURATION

The printed planar LPDA geometry is shown in Fig. 1. This antenna is printed on a substrate with
relative electric permittivity εr, loss tangent tan δ, and thickness h.

Figure 1. Geometry of the printed planar LPDA.
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The geometry of the printed LPDA is defined when the parameters τ , σ, L1 (or LN ), N , W1 (or WN ),
Wf , S1, and SN are specified, together with the substrate. All these parameters are optimized in the
proposed design procedure.

The antenna is fed by a semi-rigid miniature 50Ω coaxial cable near the shortest dipole. As the
antenna radiation pattern points toward the apex (end-fire array) and to avoid interference of the cable
and distortion of the radiation pattern, the cable runs towards the antenna apex along the top side of
the feeding transmission line and is connected to it by a simple balun. This balun consists in connecting
the outer conductor of the cable to the top strip of the feeding line and the inner conductor of the cable
to the bottom strip using a via-hole in the substrate [10].

3. ANTENNA DESIGN AND OPTIMIZATION

3.1. Antenna Design First Iteration

The design procedure follows the steps introduced in [2] with the corrections provided in [25]. As the
printed LPDA is dielectrically inhomogeneous, the definition of the equivalent homogenous structure
requires the calculation of the effective relative electric permittivity (εref ). However, different dipoles
have different widths, and there is not a straightforward way to calculate εref accurately. Therefore,
initially a free space antenna is designed to serve as a reference (1st iteration). Later, the presence of the
substrate will be taken into account, and the LPDA parameters optimized to fulfil the specifications.

The (τ , σ) pair is chosen from the directivity (D) plots. These plots are given for 8 ≤ D (in dB)
≤ 13. As a larger directivity leads to a longer antenna, an initial directivity goal of 8 dB was chosen.
The corresponding optimum (τ , σ) pair is τ = 0.857 and σ = 0.166 [25]. L1 and LN are obtained from
λmax, λmin, and the truncation coefficients K1 and K2 as

L1 ≥ K1λmax (6)

LN ≤ K2λmin (7)

leading to L1 = 332.0mm (LN = 44.7mm). From Equations (3) to (5) we obtain α = 12.15◦, N = 14,
and LA = 675.1mm. For W1 = 14.0mm, Wf = 2.2mm, S1 = SN = 0, this LPDA, printed on an FR4
substrate (εr = 4.3, h = 1.6mm, tan δ = 0.025 and metallization thickness 35µm), was simulated in
CST Studio Suite [26]. The |S11| results obtained are shown in Fig. 2.

Figure 2. Evolution of the |S11| simulated results.

As can be concluded and as expected, the low frequency point (f1) where |S11| = −10 dB is
significantly below the required lowest frequency of operation (500MHz), meaning that the longest
dipole is too long. This situation affects not only the low and high frequency limits but also the total
antenna length.
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3.2. Longest Dipole Length (L1)

Using a trial-and-error procedure in CST simulations, the length of the first dipole L1 = 250.0mm
(LN = 33.6mm) was obtained corresponding to an f1 of approximately 500MHz. As all the other
parameters (τ , σ, N , W1, Wf , S1 and SN ) were kept unchanged, the total antenna length LA = 510.3mm
was obtained. This value of LA is still larger than the maximum allowed (LAmax = 420mm). However,
it is now clear that the width of the PCB is not a problem since L1 is 100mm less than the maximum.
The corresponding CST |S11| simulation results are also shown in Fig. 2 (curve labelled “2nd iteration”).
As can be verified, the |S11| specifications are fully accomplished (|S11| ≤ −10 dB in the frequency range
464.2–2544.3MHz). However, the antenna is still too long. Therefore, the (τ , σ) pair and the number
of dipoles (N) must be modified to fulfil the specifications and meet the maximum antenna length
restriction.

3.3. Termination Stub (S1)

By reflecting the energy (travelling in the feeding line towards the region of longer dipoles) not radiated
by the antenna back to it, the length of the termination stub (S1) can be used to optimize the antenna
performance in the lower part of the frequency band of operation. Either open or short-circuit stubs
can be used. In this specific case, where the antenna length needs to be minimized, the best solution is
the open stub with S1 = 0.

3.4. Scaling and Spacing Factors (τ , σ) and Number of Dipoles (N)

Increasing the number of dipoles (N) will not affect f1 and will produce the necessary increase of the
high frequency limit (f2) until it reaches 2500MHz. However, this will also increase LA which is already
above the limit. Therefore, according to Equations (5) and (3), to decrease LA, the spacing factor (σ)
needs to be decreased. Moreover, by increasing the scaling factor (τ) and the number of dipoles there is
an improvement of the gain. The best |S11| and gain performance was obtained for τ = 0.89, σ = 0.11,
and N = 17. An antenna length LA = 429.5mm is now obtained.

3.5. Feed Line Width (Wf)

Having chosen the substrate (εr, h), the width of the feed line strips (Wf ) defines the characteristic
impedance of the feeding transmission line. It was found that Wf = 3.7mm was the best choice to
match the 50Ω coaxial cable. However, to have the same current on the top and bottom strips of the

Figure 3. Effects of the feed top strip width (Wft) on the input reflection coefficient.
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feed transmission line, the top strip width (Wft) needs to be decreased to account for the loading effect
of the coaxial cable [27, 28]. The best balance for Wfb = 3.7mm is Wft = 2.2mm, as shown in Fig. 3
(|S11|) and Fig. 4 (gain). However, the effects of Wft on both |S11| and gain are moderate. Although
Wft = 2.2mm and Wft = 1.5mm provide almost identical results, Wft = 2.2mm is chosen because it
leads to a more reliable PCB etching process.

Figure 4. Effects of the feed top strip width (Wft) on the gain.

3.6. Other Parameters

The dipoles’ width and the substrate shape also affect the antenna performance. However, their effects
are not significant. Concerning the dipoles’ width, WN = 1mm was imposed, and the other widths were
obtained applying the scaling factor. A trapezoidal shape configuration was obtained by truncating the
substrate with a 40mm margin from the end of each dipole.

3.7. Final Optimized Antenna

Since the antenna is size constrained, the antenna physical parameters cannot be optimized freely.
Moreover, except the dipoles’ lengths and the scaling and spacings factors pair (τ , σ), all the other
parameters (termination stub length, feed line widths, dipoles’ widths, and substrate shape and size)
have a moderate effect on the antenna performance. However, although the effects of each of these
parameters are moderate, the combined effects can be quite significant. Therefore, each of the antenna
physical parameters has been individually optimized, as described above. After that, there was a small
refinement of the longest dipole length (L1). The LPDA with the highest gain that fulfils the impedance
bandwidth requirements and meets the size restrictions corresponds to the following physical parameters:
τ = 0.89, σ = 0.11, L1 = 245.0mm (L17 = 38.0mm), N = 17, Wft = 2.2mm, Wfb = 3.7mm,
W17 = 1.0mm (W1 = 6.5mm), S1 = SN = 0. The corresponding antenna length is LA = 417.8mm,
and the dimensions of the sides of the trapezoidal substrate are 325.0mm and 118.0mm. A 1.1mm
margin from the antenna maximum length was used on both the longest and shortest dipole region to
make sure that the substrate cutting did not damage the dipoles’ metallization.

There are many systematic procedures proposed in the literature to optimize LPDAs [21, 29–31].
However, they do not consider all the antenna parameters taken into account in this work, and they do
not provide physical insight of the radiation mechanisms.

The |S11| CST simulation results obtained for the optimized LPDA are shown in Fig. 2 (curve
labelled “Optimized”). As can be seen |S11| ≤ −10 dB in the whole frequency range of interest (500–
2500MHz). The corresponding far-field E-plane (XZ) and H-plane (XY ) cuts radiation pattern CST
simulation results are shown in Fig. 5. It can be verified that the shape of the radiation pattern is stable
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(a) (b)

Figure 5. Radiation pattern simulated results of the optimized LPDA. (a) E-plane; (b) H-plane.

Figure 6. Comparison of simulation and experimental realized gain results.

in the frequency range of operation except for 500MHz where a significant back radiation occurs. This
is common since in this frequency the active region is composed of the longest dipoles. However, the
front lobe is almost the same for the whole frequency band of operation.

The CST simulated gain versus frequency is shown in Fig. 6. The typical log-periodic behavior is
observed. Some asymmetries (around 770MHz, for instance) caused by resonance phenomena can also
be observed [32–36]. A gain span in the range 4.6–7.3 dBi with an average of 6.1 dBi is obtained. The
gain drops near the limits of the frequency band of operation since the active region contains less dipoles
there [2, 25], as can be confirmed in the current distribution shown in Fig. 7. This is a consequence of
the design criteria that favor compactness. The gain could be increased but at the expenses of other
characteristics, such as polarization purity [37].

The efficiency (radiation and total) is shown in Fig. 8. The efficiency spans the range −1.8 dB
to −1.0 dB with an average of −1.4 dB (72%). Therefore, the average directivity is 7.5 dB which
corroborates the initial 8 dB goal.

The discrimination of the radiation pattern in the orthogonal polarization components Eθ and Eφ

is shown in Fig. 9. The polarization purity of the antenna is confirmed, as the Eφ component is, at
least, 30 dB below the Eθ component. This remarkably high polarization purity is essential for the
envisaged application as a standard antenna for anechoic chamber far-field measurements, where the
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Figure 7. Current distribution on the optimized LPDA. (a) 500MHz; (b) 1000MHz; (c) 1500MHz;
(d) 2000MHz; (e) 2500MHz.

Figure 8. Efficiency simulated results of the optimized LPDA.

two orthogonal linearly polarized components are measured separately. A summary of the simulation
results is shown in Table 1.

4. EXPERIMENTAL RESULTS

A prototype of the optimized LPDA has been fabricated and tested. Photographs of the prototype are
shown in Fig. 10. Top side and bottom side views, as well as zooms of the feed balun, are provided. As
can be seen, the cable has been soldered along the top strip of the feeding transmission line.

The experimental input reflection coefficient (|S11|), gain, and radiation pattern results are shown
in Figures 11, 6, and 13, respectively. There is a general good agreement between numerical simulation



72 Vieira and Peixeiro

(a) (b)

Figure 9. Radiation pattern simulated results, with polarization discrimination, of the optimized
LPDA. (a) E-plane; (b) H-plane.

(a) (b)

Figure 10. Photographs of the LPDA prototype. (a) Front view; (b) Back view.

Figure 11. Comparison of simulation and experimental input reflection coefficient results (reference
to 50Ω).
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and experimental |S11| results. However, in the frequency band of operation the experimental results are
significantly above (roughly 5 to 10 dB) the simulation ones. This is mainly due to the reflections in the
laboratory environment as the measurement was made outside the anechoic chamber. Moreover, there
is a deterioration of the input reflection coefficient near 2.5GHz caused mainly by minor fabrication
inaccuracies of the feeding balun. Nonetheless, the reflected power is still at an acceptable level (worst
case of about 18% at 2.5GHz). Radiation pattern and gain have been measured in the far-field anechoic
chamber facility of the Polytechnic University of Madrid (UPM) (Fig. 12).

The radiation pattern and gain measurements could only be taken starting at 660MHz. The gain
simulation and experimental curves have the same shape and span about the same interval (4.6–7.3 dBi).
However, the experimental curve has an average of 6.6 dBi, which is 0.5 dBi above the average of the
simulation one.

Figure 12. Photo of the antenna prototype. (a) Mounted on anacrylic interface; (b) Inside the UPM
anechoic chamber.

Figure 13. Experimental radiation pattern results.
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From the experimental results, shown in Fig. 13, it can also be confirmed that the radiation
characteristics associated with the radiation pattern are quite stable in the frequency band of operation.
Moreover, it can be concluded that the simulation results, shown in Fig. 5 and Fig. 9, have a good
agreement with experimental ones.

Table 1 contains the comparison of the main simulated and experimental results. When comparing
the results at the low frequency limit, one must bear in mind that it was not possible to measure the
radiation pattern at 500MHz but only at 660MHz. Moreover, the efficiency could not be measured,
and consequently the corresponding experimental results are not available (NA).

Table 1. Overall comparison of simulation and experimental results.

Freq [MHz] 500 1000 1500 2000 2500

Type of Result Sim Exp Sim Exp Sim Exp Sim Exp Sim Exp

|S11| [dB] −11.7 −10.3 −23.9 −15.7 −24.4 −17.5 −23.6 −14.4 −9.8 −7.2

HPBW

[Deg]

E-Plane 67.9 66.4* 68.3 66.6 69.3 60.4 71.4 67.1 80.6 77.8

H-Plane 107.2 99.9* 106.9 106.7 105.6 97.5 108.3 104.3 124.6 117.6

FBR [dB] 10.0 25.0* 29.3 34.9 33.9 37.7 26.4 30.1 19.6 31.3

Cross-Pol** [dB] −44.3 −41.4* −41.8 −52.4 −38.2 −37.3 −36.0 −40.1 −35.3 −34.1

Rad Eff [dB] −1.1 NA −1.4 NA −1.5 NA −1.4 NA −1.1 NA

Gain [dBi] 5.0 7.3* 6.4 7.1 6.4 7.2 6.1 6.7 4.6 4.7

* Frequency = 660MHz

** Defined as |Eφ/Eθ| in the direction of maximum radiation

There is a general good agreement between CST numerical simulated and experimental results.
That is the case for input reflection coefficient, half-power beamwidth (HPBW), in E-plane and H-
plane, cross-polarization level, and gain. One exception is the front to back ratio (FBR) that has a very
significant difference (can be more than 10 dB). However, as shown in Fig. 12, the experimental back
radiation is strongly affected by the blockage of the large antenna under test positioner, and therefore,
the measured FBR is not reliable.

5. CONCLUSIONS

The development of a printed log-periodic dipole antenna is presented. The design is size constrained
by the photolithography printed circuit fabrication process. Good impedance matching to the 50Ohm
coaxial feeding cable and maximal gain is required in the frequency range 500–2500MHz. The
design procedure follows an iterative method where the first iteration corresponds to the free space
configuration. Then, the next iterations take into account the influence of all the printed antenna
physical parameters, namely: length of dipoles, inter-elements spacing, number of dipoles, asymmetric
feeding line strips, width of dipoles, and substrate shape. The optimized configuration has been
fabricated, printed on a low cost FR4 substrate, and tested. |S11| < −10 dB in the frequency range
500–2362MHz, average gain 6.6 dBi, and end-fire cross polarization level below −34 dB have been
obtained. Moreover, a general good agreement has been obtained between CST Studio Suite numerical
simulations and experimental results. Such good agreement has validated the proposed analysis and
design procedure. These results are adequate for the envisaged application as standard antenna in simple
far-field anechoic chamber antenna measurements. Taking into account the dimensions of the anechoic
chamber (8 × 4 × 4m3) and the distance between the standard gain antenna and the antenna under
test (5m), the LPDA gain for the angle of incidence corresponding to the point of diffuse reflection at
the absorber lateral walls, ceiling, and floor (38.7 degree) is, in average, 4.1 dB below the maximum. A
pair of these LPDAs will be part of the standard gain antennas set, for low frequency anechoic chamber
measurements at Instituto Superior Técnico, University of Lisbon. The 500MHz superposition (2.0–
2.5GHz) of the conventional standard gain horns with the new LPDA pair allows validation of the
experimental results obtained with the latter.
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