








6. VHF & UHF Meandered Monopole Antenna 
 

106 

The height (f) of the front meander line section of the monopole was found to have a 

significant influence on the frequency-ratio range of the antenna. This height was varied 

from 30 mm to 48 mm. The simulations were made with uniform separation between the 

meander line strips. From the S11 (Fig. 6.7) it is clearly visible that increasing the value 

(f) shifts the first resonance downwards with little effect on the upper resonance. The 

frequency-ratio between the upper and the lower resonance Fr = fu/fl continuously 

increases from 1.61 to 3.11 as the value of (f) changes from 30 mm to 48 mm.  

 

 

Figure 6.7. The simulated S11 dependence on the height f of the front meander line section. 

 

The dependence of the first resonance on the height (f1) of the last two meander lines 

on the front of the monopole was investigated. The results are shown in Fig. 6.8. When 

the height (f1) of the two last meander line strips is increased from 10 mm to 17.7 mm the 
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first resonance is shifted from 203 MHz to 144.5 MHz with little effect on the impedance 

matching. The second resonant frequency is not heavily dependent on from the height 

(f1). This is confirmed by the current distribution (Fig. 6.9(b)) where the four last meander 

line strips do not carry a strong current. The proposed value is f1 = 13.34 mm.  

 

 

Figure 6.8. The simulated S11 dependence on the height f1 of the last front four meander line 
strips.   

 

The performance of the antenna is based the fundamental frequency at which the 

structure resonates and radiates. That fundamental frequency is related to the antenna’s 

resonant length which is caused by current paths (Fig. 6.9) within the structure. For the 

proposed antenna the lower rear side meandered section and the upper front side 

meandered sections determine the upper resonance (Fig. 6.9(b)) and the combined line 

sections provide the lower resonance (Fig. 6.9(a)). In both resonant frequencies the 
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ground plane excites strong currents at the horizontal and the vertical side which have 

same phase with the currents of the monopole. In the proposed antenna the ground plane 

is an integral part and reinforces and contributes to the radiation performance. It should 

be noted that in the upper resonance (Fig. 6.9 (b)) the current reversed the direction after 

a full wavelength along the rear side meandered section.  

 

 

Figure 6.9. The current distribution of the antenna in (a) 169 MHz and (b) 433 MHz. 
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Placing meander line sections on opposite sides of the PCB provides isolation, 

miniaturization and greater freedom in controlling the frequency ratio. The frequency 

ratio fu/fl of 2.56 is tuned and optimized by non-uniformity in the front meander line 

section as well as some coupling of the front and back meander lines. 

 

6.4 SIMULATED AND MEASURED RESULTS 

In Fig. 6.10 the measured and simulated S11 is presented providing good agreement. 

The measured −6 dB and −10 dB impedance bandwidth was 5.8 MHz 

(165.7 − 171.5 MHz) and 3.3 MHz (167 − 170.3 MHz) respectively at 169 MHz and 

53.9 MHz (417.5 − 471.4 MHz) and 26.4 MHz (424.7 − 451.1 MHz) at 433 MHz. The 

fractional bandwidths in −6 dB is 3.4% for the first resonance and 12.4% for the second, 

while the fractional bandwidths in −10 dB is 1.95% for the first resonant frequency and 

6.1% for the second.   

The simulated −6 dB and −10 dB impedance bandwidth was 5.7 MHz 

(164.9 − 170.6 MHz) and 3.1 MHz (166.2 − 169.3 MHz) at 169 MHz and 30.4 MHz 

(419.1 − 449.5 MHz) and 17.2 MHz (425.1 − 442.3 MHz) at 433 MHz. 
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Figure 6.10. Simulated and measured S11. 

 

Efficiency measurements are performed using the Wheeler cap method [85] (Fig 6.11) 

using a metallic box of 610 × 610 × 360 mm3. The measured radiation and total efficiency 

for the first resonance is 20.4%. For the second resonance the measured radiation and 

total efficiency is 50% and 49.4% respectively. These results are in good agreement with 

simulation which indicate a radiation and total efficiency of 18.3% and 17.8% at 169 MHz 

and 48.2% and 47.9% at 433 MHz respectively. 

In Figs. 6.12 and 6.13 the measured and simulated azimuth (x–y) and elevation (x–z) 

plane radiation patterns at 433 MHz are illustrated. The maximum measured gain is 

4.6 dBi. There is a good agreement between measurement and simulation. The maximum 

simulated realized gain at 169 MHz is −1.8 dBi. In AHFR Lab there is no suitable SGH 

available to test and measure the radiation patterns at 169 MHz.  
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Figure 6.11. Wheeler Cap measurement setup (a) without cap, (b) with cap. 

 

(a) 

(b) 
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Figure 6.12. Azimuth radiation patterns in the xy-plane at 433 MHz. 

 

 

 Figure 6.13. Elevation radiation patterns in the xz-plane at 433 MHz. 
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6.5 CONCLUSIONS 
In this chapter a dual band folded meander line monopole antenna for emerging smart 

metering and M2M applications at 169 and 433 MHz is presented. Three key geometrical 

parameters of the proposed electrically small antenna were studied as well as the effect 

to the frequency ratio Fr = fu/fl is reported. The introducing of a shunt lumped inductor 

was found to significantly improve the impedance matching of both resonant frequencies.  

The antenna provides good omnidirectional radiation characteristic at 433 MHz and more 

than 20% and 49% measured total efficiency at 169 MHz and 433 MHz respectively. The 

measured gain at 433 MHz is 4.6 dBi and the simulated gain at 169 MHz is −1.8 dBi. The 

antenna is low cost and easy fabricated with additional benefit of a large easy controlled 

frequency-ratio range.
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7. Conclusions and Future Work 

7.1 CONCLUSIONS 
number of small novel antenna designs have been researched, developed and are 

described in this thesis. Parametric studies were carried out on folded and 

meander line monopoles and planar inverted-F antennas. The proposed geometries are 

optimised and designed to provide sufficient bandwidth, good impedance matching, 

omnidirectional radiation characteristics with high gain and efficiency, maintaining 

compact size.  

The main contributions of this dissertation are the following: 

A folded and shorted printed monopole antenna has been proposed. A compact low 

profile structure has been designed based on these principles offering an easy controlled 

large frequency-ratio range and stable broad band omnidirectional radiation 

characteristics. Moreover, this approach provides a good polarization purity between 

horizontal and vertical polarized signals which is essential for maintaining the good link 

between the receiver and the transmitters.   

Two Planar Inverted-F structures have been designed operating broad band, with high 

gain and efficiency. The effects of their key dimensional parameters have been 

A 
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parametrically studied. Moreover, the antenna performance for different locations on the 

ground plane and for various dimensions of ground plane layout have been investigated 

accordingly. A size reduction of almost 50% was achieved when two PIFAs combined in 

one antenna share the same feed. The study has demonstrated a controllable large 

frequency-ratio range when the feeding and shorting point change position. 

By seeking more compact solutions for low frequencies, two novel meander line 

folded monopole antennas were designed. Miniaturization has been provided by double 

sided PCB printed technique allowing integrating more electrical length into a compact 

physical size and isolating the two printed sides. Matching stub structures have been 

applied in order to improve the impedance matching. A via slider connector has been used 

to connect the two sides of the PCB, enabling tuneability of the impedance matching 

across a large frequency range and offering stable omnidiarectionality over the tuneable 

range. The strong dependence of the frequency-ratio range on the meander line separation 

was investigated in depth.    
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7.2 FUTURE WORK  
uring the development and test phase of this dissertation some research topics 

which are worth further investigation have been identified and are outlined here. 

Further investigation could be made in topics related with installed performance of 

various antennas when they are integrated in actual devices. When an antenna is 

integrated in housing, the impedance bandwidth was slightly increased as well as the 

resonant frequency was shifted downwards [86]. The walls of the enclosure are 

effectively decreasing the gain and the efficiency of the installed antenna. Future work 

could focus on investigating the positioning of an antenna inside an enclosure in order to 

find the optimum position and orientation.  

Another interesting topic for extensive investigation is the packaging impact to an 

integrated antenna in an actual device which contains numerous metal structures that 

could potentially interfere its performance. Metal structures near antennas can change 

input impedances and phase of received signals. Design guidelines to eliminate the 

electromagnetic interference (EMI) emitted from the RF components and circuits could 

be developed [87, 88]. To eliminate the electromagnetic emissions and keep EMI to a 

minimum it would be very important to arrange the layout of ground planes to minimize 

EMI [89, 90].  

Further development could be done on ground planes which have been found to affect 

the general performance of antennas [91, 92, 93]. The position and the orientation of the 

antenna on the ground plane can dramatically affect the general performance [94]. Further 

research could be devoted to the extensive investigation of different ground plane shapes.  

D 
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Two compact solutions suitable for integration into packaging were proposed in this 

thesis for smart metering applications. The double sided PCB printed meandered shape 

and the matching stub technique were the two techniques for miniaturization providing 

isolation between the meander line sections and improving the impedance matching 

across the operating frequency range. A further study on broad-banding meander line 

antennas should be made as well as an investigation on providing more than 2 bands 

[95, 96]. 

A compact VHF antenna is proposed suitable for integration into packaging. Test and 

measurements of the radiation patterns at 169 MHz were not carried out due to the non-

availability of a large sized anechoic chamber and a suitable Standard Gain Horn antenna. 

Further research efforts should focus on the outdoor measurements [97, 98] where many 

factors, such as the directivity of the antenna under test, the frequency range and 

mechanical features of the antenna (size, weight and volume) should be considered to 

ensure the performance metrics are measured with sufficient accuracy. 
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