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Abstract – Meander structures allow reducing the size of the 
microwave devices while keeping the same operational 
characteristics. The shape of meander makes a considerable 
impact on the operation of microwave devices. Therefore, the 
structure of meander is widely investigated nowadays. The review 
of different shapes of a meander conductor is presented in this 
article. Two models with different shape of connecting conductors 
are designed and discussed in detail. The influence of variation of 
the length and width of connecting conductors on the electrical 
parameters of the meander is revealed using the traditional model 
of meander. Later, the comparison of the traditional model and 
the model with rectangle-shape peripheral parts of a meander 
conductor is presented. The increase in the width of connecting 
conductors from 0.2 mm to 1.0 mm has narrowed the bandwidth 
by 346 MHz until 2.388 GHz. The increase in the length of 
connecting conductors to 2.3 mm has allowed moving the stop-
band to higher frequencies. The usage of the rectangle-shape 
connecting conductors slightly reduces the pass-band but allows 
achieving more stable input impedance. 

 
Keywords – Meander structures; Method of moment; 

Microwave devices; Modelling. 

I. INTRODUCTION 
Meander structures are very popular nowadays [1]–[3]. The 

popularity of meander structures is caused by the possibility of 
device miniaturization [4], [5]. Meander structures are used in 
microwave devices like antennas [6], [7], antennas arrays [8], 
[9], phase shifters [10], [11], filters [12], [13], resonators 
[14], [15], delay lines [16], [17] and others. It can be stated that 
meander structures are widely used in the field of Internet of 
Things (IoT) [18] with the greatest emphasis on small pocket 
devices [19]. 

The structure of the meander can vary greatly depending on 
the field of usage and it has a significant effect on the 
electrodynamic characteristics of the meander and the whole 
device.  

The main constructive parameters, which have the influence 
on the electrodynamic parameters of the meander, are the width 
of the meander strips – w; the gap between adjacent meander 
strips – s; the length of the central part of meander electrode – 
L1; the length of the connecting conductor of meander – L2; the 
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height of the substrate – h (Fig. 1). The shape of the connecting 
conductors has also the significant influence on the operation of 
the device. 

The review of the different structures of meander conductors 
used in different applications will be presented in this paper. 
Moreover, the summarised information will be used for the 
modelling purpose. 

 
Fig. 1. Traditional meander construction where w – the width of the meander 
strip; s – the gap between adjacent meander conductors; L1 – the length of the 
central part of meander conductor; L2 – the length of the connecting conductors; 
h – the height of the substrate. 
 

The two different models of the traditional meander 
conductor and the conductor with triangle-shape peripheral 
parts will be presented and discussed in detail. 

II. APPLICATIONS OF MEANDER STRUCTURES  
Structures with the meander conductor are used in many 

different applications. More or less all the fields are 
concentrated in the field of microwave devices. Usually the 
structure and material vary a lot depending on the field of 
application. The review of different structures of meander 
depending on the field of application is presented in this 
subchapter.  

A. Antennas With Meander Structures 
One of the major fields of application of meander structures 

is antenna field. Miniaturized Long-Term Evolution (LTE) 
antenna, which has the meander structure, is presented in [20]. 
This antenna is capable of operating in 700 MHz and 2600 MHz 
dual-band frequencies. The antenna was miniaturized using the 
meander structure. The overall size of the antenna is  
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54 mm × 18 mm × 8 mm. The substrate is made from FR4 
material. The authors emphasise that changing the three 
parameters helped achieve the required operating frequencies. 
These parameters were the antenna height, substrate 
permittivity and the length of the ground plane. The authors 
used the meander structure with shields between adjacent 
meander strips.  

The compact wideband slot antenna is presented in [21]. This 
antenna has a slotted Y shape meander structure. The 
connecting conductors have the same length, but the length of 
centre parts of the meander conductor varies. This antenna was 
designed for the 5G 2.6 GHz applications. The working 
frequency range varies from 2.33 GHz to 3.56 GHz. The gain 
was larger than 0.6 dBi. The size of the antenna was  
30 mm × 20 mm. The FR4 material was used for the substrate. 

Circular slot antenna for the satellite communications is 
presented in [22]. This antenna has a rectangular patch. The 
circular slot is formed on the patch. The meander structure is 
formed on the circular slot. The meander has the symmetrical 
structure with respect to the longitudinal axis. The length of 
central and peripheral parts of the meander is constant and equal 
to 6 mm and 3 mm, respectively. The width of the meander 
conductor is 0.2 mm. According to the presented figures, it 
looks that the gap between adjacent strips is equal to 3 mm.  
Rogers 5880 material was used for the substrate. The εr = 2.2 
and δ is equal to 0.0009. The designed antenna works in two 
frequencies and could be used in satellite communication. The 
resonant frequencies of the antenna are equal to 11 GHz and 
11.9 GHz. The corresponding return losses are equal to 
−26.89 dB and –6.04 dB.  

The planar microstrip antenna for television white space 
applications is presented in [23]. This antenna works in the 
frequency band from 470 MHz to 700 MHz. The meander 
conductor has allowed achieving lower frequency resonance in 
UHF band and reducing the size of antenna to 46 mm × 46 mm. 
The meander conductor has three different parts. Two parts are 
identical (the length is equal to 46 mm) and the central meander 
has a lower dimension (the length of central strip is equal to 10 
mm). This structure can be called a hybrid structure. FR4 epoxy 
material was used for the substrate. The dielectric constant of 
substrate is equal to 4.4. The thickness of the substrate is equal 
to 1.6 mm. 

These are just four examples of antennas with meander 
conductors. Antennas work in different frequencies and are 
designed for different applications. Therefore, the structure of 
the meander conductor is also different. Summarising, it could 
be said that the considerable influence on the operation of 
devices is made by varying the length and width of central and 
peripheral parts of the meander conductor.   

B. Antennas Arrays With Meander Structures 
Structures with meander conductors are also used in antenna 

arrays. One of the examples could be the quadrifilar helical 
array antenna, which is made for the GPS applications [24]. 
This antenna consists of quadrifilar helical 2 × 2 antenna array. 
The antenna array is printed on the outer side of the tube. The 
meander structures allowed reducing the size of antenna by 

44 % compared to a straight line. The working frequency range 
of antenna is from 1.52 GHz to 1.66 GHz. The length of antenna 
is 45 mm. The diameter of the tube is 26 mm. The flexible 
Pyralux AC material was used for the substrate, which ɛr = 3.7 
and tanδ = 0.0014. 

Another example of antenna array is presented in [25]. The 
proposed structure consists of an array of meander antennas, 
which are isolated one from the other by using the 
electromagnetic bandgaps. Each antenna is back parasitic-
coupled with a rectangular patch. This type of antenna could 
work at frequencies of 3.48 GHz and 4.86 GHz. The size of a 
parasitic rectangular patch is 18 mm × 15 mm. The length and 
the width of the whole meander conductor are 11 mm × 9.7 mm. 
The length of the central part is 9.7 mm. The length of the 
connecting conductor is 1 mm. The gap between adjutant strips 
is 1 mm. The shape is symmetrical with the longitudinal axis.  

Numerical analysis of the antenna array with and without 
meandered lines is presented in [26]. Each antenna consists of 
two substrate layers. Both substrates are made from the same 
dielectric, the permittivity of which is equal to 3.66. The 
thickness of an upper substrate is equal to 0.508 mm. The 
thickness of a lower substrate is equal to 0.702 mm. Both 
substrates are separated by a common ground plane. The patch 
elements are printed on the top of the upper substrate and the 
feeding line is printed on the bottom of the lower substrate. The 
analysis has shown that meander lines have positive and 
negative features to the whole antenna array. The antenna with 
meander lines has wider bandwidth but worse return loss 
compared to the conventional antenna. The antenna gain and 
patch lobes are also worse compared to antennas with meander 
lines. The lower mutual coupling is the main advantage of 
antennas with meander structures. This means that the distance 
between separated antennas in the antenna array could be 
shorter. As a result, it will be possible to reduce the size of the 
entire antenna array while maintaining the same operating 
characteristics. 

C.  Filters With Meander Structures 
An on-chip bandpass filter is presented in [27]. The centre 

frequency of the filter is equal to 33 GHz. The corresponding 
bandwidth is equal to 18 %. The centre frequency was selected 
by configuring the length of resonator of the meander line. The 
filter is miniaturized using two meander structures. It consists 
of three layers. Meander structures are placed on the top and 
middle layers in the opposite directions in order to generate 
strong resonance. The length of the meander was tuned using 
jumpers between two layers. The size of the entire filter is only 
0.126 mm × 0.3 mm. Excluding the size reduction, meander 
structures also improved the stopband attenuation till 44 dB. 
The obtained minimum insertion loss was equal to 2.6 dB. 

Another example of a compact dual-band bandpass filter is 
presented in [28]. The main advantages of this filter are 
compactness and multiband.  The size of the entire filter with 
the substrate is 34.5 mm × 19 mm × 1.5 mm. The substrate is 
made from Rogers RO 3206 material, relative permittivity of 
which is equal to 6.15. The size of the printed rectangular 
resonator on the substrate is equal to 13.6 mm × 11.08 mm. 
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Every two opposite sides of the rectangular resonator have the 
same structure of the meander. The both central frequencies are 
configured by changing the length of meanders of the opposite 
sides of a rectangular resonator. In this particular example, the 
central frequencies are equal to 2.51 GHz (bandwidth of about 
12.5 %) and 5.11 GHz (bandwidth of about 4 %). The return 
loss of less than –32 dB and insertion loss of about –0.23 dB 
were obtained in the band of lower frequencies. Return loss of 
less than –21 dB and insertion loss of about –0.9 dB were 
obtained in the band of higher frequencies. 

D.  Phase Shifters With Meander Structures 
Phase shifter is another group of microwave devices, which 

use the meander structures for the miniaturization purpose. 
Phase shifters are used for beam forming in antenna arrays. 
There could be many phase shifters in the antenna array; 
therefore, the size, range of phase shift and cost are the most 
important factors. 

The design of tunable phase shifter is presented in [29]. This 
phase shifter is specified for radars and wireless communication 
systems. The tenability is achieved using a magnetodielectric 
perturber on a meander line microstrip. The tenability is 
controlled using a piezoelectric transducer by specifying 
different dc bias and changing the distance between the 
perturber and the meander. The authors claim that phase 
tunability of the meander line with the magnetodielectric 
perturber is much larger compared to traditional dielectric 
perturbers. The magnetodielectric perturber was manufactured 
using the self-biased NiCo-ferrite films. The Rogers material 
was used for the substrate.  

Another switching phase shifter is presented in [30]. The size 
of phase shifter is 3 bits. The 0.18 μm CMOS circuit technology 
is used for the manufacture. The miniaturization is achieved by 
using the meander conductors. The overall size of miniaturized 
chip of phase shifter is 0.57 mm × 0.55 mm. The 45°, 90° and 
180° phase shift is implemented. The measured average 
insertion loss was 11.8 dB at 24 GHz with 0.9 dB variation. The 
maximum insertion loss was 16 dB at 29 GHz.  
The achieved phase deviation and gain error were smaller than 
5.3° and 1.2 dB from 21 GHz to 29 GHz. The meander 
structures were used in order to implement the inductors and 
allowed reducing the size of the entire circuit by 30 %. The 
most interesting fact is that the corners of the peripheral parts 
of connecting conductors are rounded. This is not an ordinary 
solution. Such a choice is not discussed in detail. 

E. Delay Lines with Meander Structures 
Delay line is another large group of devices, which have the 

meander structures in their construction [31], [32]. The W-band 
meander slow wave structure is presented in [33]. This structure 
is designed for the traveling wave tubes in order to work in the 
range of millimetre waves. The analysis has shown that it is 
possible to have the beam voltage until 10 kV and beam current 
until 0.45 A using this type of tubes. The total length of the slow 
wave structure was 23 mm with loss of 0.1 dB/mm. The 
conventional structure of the meander line is used with the 90° 
turns between central and connecting conductors. 

Another example of the slow wave structure with the 
meander line is presented in [34]. This time the meander has the 
form of angular log-periodic micro-strip meander-line. The 
meander line is made from metal strip. The meander line and 
dielectric slab are shielded with the metal shield. Interesting 
form of a meander structure is given in [35]. This time the 
meander has a rhombus-shaped form. This form of meander has 
evolved from the V-shaped microstrip meander lines. The 
presented structure of meander is appropriate for the 140 GHz 
traveling-wave tubes. The authors claim that the designed 
rhombus-shaped microstrip meander-line traveling wave tube is 
capable of delivering tens of watts of output power. S-type 
meander structure is presented in [36]. The S-type meander 
slow wave structure has some advantages in comparison with 
conventional meander slow wave structures. The central 
frequency is moved to higher frequencies. The transmission 
loss and coupling impedance are greatly improved in the high 
frequency range. The investigation of millimetre-wave tubes, 
which have the planar slow-wave structures, is presented in 
[37]. These structures are fabricated on dielectric substrates. 
The authors pay more attention to the fabrication of the meander 
structures and use traditional forms of meanders in this paper. 

F. Influence of Meander Shape 
An overview of applications of meander structures has 

shown that the shape of meander can vary a lot. The shape 
depends on the field of application and the desired parameters 
of operation. Many studies focus on the investigation of the 
influence of meander shape on performance. 

The analysis of design of a meander conductor is presented 
in [38]. The analysis is oriented to increasing the withstand 
voltage of solid-state meander pulse forming line. The glass 
ceramic substrate was used for the manufacture. The 
investigation showed that a glass ceramic substrate allowed 
holding the voltage higher than 20 kV. The investigation also 
showed that the traditional form of meander had the edge effects 
on the field enhancement. Therefore, two new designs of 
meander conductor were investigated. First of all, the model of 
meander with the rounded connecting conductor was designed. 
Secondly, the dual parallel model of meander pulse forming line 
was simulated.  The new designs of meander strips decreased 
the edge effect of the meander conductor. 

Different parametric variations were studied in order to 
investigate the miniaturization possibilities of the proposed  
2.5-D frequency selected surface in [39]. This surface was made 
using meander lines, which were orthogonally patterned on the 
opposite sides of the FR4 dielectric substrate. The current path 
was increased by using metallic vias, which connected the 
meander imprints. This construction resulted in a band stop 
response at 1.60 GHz with compact unit cell size of 0.053λo × 
0.053λo. 

The shape of the connecting conductor of meander has a 
considerable impact on the electromagnetic properties of the 
microwave devices. The meander line was used in [40] in order 
to increase the active area of the magnetoresistance sensor. The 
authors of the paper used many different structures of the 
meander conductor in order to get the required properties. The 
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circular edge structure of the meander conductor allowed 
decreasing the coercive field to 37.5 Oe. The coercive field of 
rectangular edge was equal to 57.5 Oe. 

III. MODELS OF INVESTIGATION 
According to the review of the scientific literature, we have 

made two models of meander structures, which differ one from 
the other in the connecting conductors of the meander. 

Meander structures are presented in the Sonnet software 
package (see Fig. 2). The traditional model of meander structure 
with the rectangular edges is presented in Fig. 2a. Different 
lengths and widths of the connecting conductor of the meander 
were used in the investigation. The meander structure with a 
triangular-shape connecting conductor is presented in Fig. 2b.  

 

(a)

L1

L2

a
b

(b)

c d

1
2

1
2

 

Fig. 2. The meander line models with (a) – traditional shape (L1 = 5 mm; 
L2 = 5 mm; a = 0.5 mm; b = 1.65 mm), (b) – triangular-shaped (c = 0.825 mm; 
d = 0.5 mm; the angle 90°). 

 
The length b of the connecting conductor of the meander 

varied as long as the other parameters were kept the same during 
the first investigation. The width a of the connecting conductor 
of the meander varied as long as the other parameters were 
constant during the second investigation.  The triangle-shape 
edges were used in the connecting conductor of the meander 
during the third investigation.  

The constant central meander strips were used in all models. 
The length of every central strip was equal to 20 mm. The height 
of a dielectric substrate was equal to 0.5 mm. The lossless 
materials were used in the investigation. The focus was on the 
structure of the meander conductor.  

As a result of the analysis, the input impedance and 
frequency response or S21 parameters are presented. 

 

IV. RESULTS 
Results of input impedance with the different width of the 

connecting conductor of the meander are presented in Fig. 3. 
The variation of width of the connecting conductor affects the 
input impedance of the meander system.  The width of the 
connecting conductor of the meander varied from 0.2 mm to 
1 mm. The input impedance is quite similar in the frequency 
range from 0 to almost 2.827 GHz and is equal to about 50 Ω. 
However, there is an extreme at 3.3 GHz. 
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Fig. 3. Input impedance of the meander line, when a = 0.2 mm (blue); 
a = 0.4 mm (pink); a = 0.6 mm (red); a = 1 mm (green); Z0 = 50 Ω. 

 
Larger width of the connecting conductor of the meander 

causes bigger values of extremes of input impedance. The 
extreme starts earlier when the width of the connecting 
conductor is bigger. The input impedance changes by several 
hundred ohms in the range of a parameter from 0.2 mm to 
1 mm. The parameter of input impedance is useful for analysing 
system stability.  

It could be seen from the S21 parameter that the width of the 
connecting conductor of meander influences the occurrence of 
a stop-band at specific frequencies (Fig. 4). Larger width of the 
connecting conductor causes a narrower pass-band of the 
meander line. The stopband starts earlier at 2.338 GHz when 
the width is equal to 1 mm. The passband decreases by 
346 MHz. 
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Fig. 4. Magnitude frequency response of the meander line, when a = 0.2 mm 
(blue); a = 0.4 mm (pink); a = 0.6 mm (red); a = 1 mm (green); Z0 = 50 Ω. 

 
Such a decrease in bandwidth could be attributed to the 

physical properties of the meander line. Increasing width of the 
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conductor increases the unit capacity of the line length and 
decreases the wave impedance of the connecting conductor of 
the meander line. Periodic irregularities of the meander line 
become apparent. Periodic irregularities lead to the formation 
of a stopband and the emergence of a passband. 

The next study was performed by varying the length of the 
connecting conductor of the meander. In other words, the width 
of the gap between the central meander strips was changed 
while keeping all other parameters of the meander line constant.  

The increase in the length of the connecting conductor of the 
meander affects the decrease in the extreme of the input 
impedance. On the other hand, all extremes start almost at the 
same time using all different lengths of the connecting 
conductor of the meander (Fig. 5). 
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Fig. 5. Input impedance of the meander line, when b = 1.45 mm (blue); b = 1.65 
mm (pink); b = 1.85 mm (red); b = 2.3 mm (green); Z0 = 50 Ω. 
 

The influence of the adjacent strips of the central part of the 
meander conductor on each other decreases when the distance 
between the adjacent strips increases (Fig. 6). 
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Fig. 6. Magnitude frequency response of the meander line, when b = 1.45 mm 
(blue); b = 1.65 mm (pink); b = 1.85 mm (red); b = 2.3 mm (green); Z0 = 50 Ω. 
 

In other words, the capacity of the unit of length decreases. 
The periodic variation of the wave resistance then also 
decreases and the barrier band at 3.3 GHz disappears. The 
bandwidth extends up to 4 GHz. The influence of the 
capacitance increases at higher frequencies. Therefore, the 
barrier stopband is formed at 6 GHz when the length of the 
connecting conductor of the meander is equal to 2.3 mm. 

The comparison of the traditional model of the meander 
conductor and the meander conductor with triangle-shaped 
connecting conductors is presented in Figs. 7 and 8. The model 
with triangle-shape connecting conductors allows decreasing 
the dispersion of input impedance and the extreme of input 
impedance is lower (Fig. 7). The difference of input impedance 
is about 70 Ω. 
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Fig. 7. The comparison of input impedance of the traditional (blue) and triangle-
shaped (pink) meander lines, when Z0 = 50 Ω. 
 

On the other hand, the stopband of the model with triangle-
shape connecting conductor starts about 76 MHz earlier 
(Fig. 8).  
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Fig. 8. Comparison of magnitude frequency response of the traditional (blue) 
and triangle-shaped (pink) meander lines, when Z0 = 50 Ω. 
 

Hence, it is possible to have more stable performance but 
with a lower bandwidth by applying the meander with a 
triangle-shape connecting conductor.  

V.  CONCLUSION 
The review of different structures of meander conductors has 

been presented. The shape of connecting conductors of the 
meander has a significant impact on the electrodynamic 
characteristics (passband and stopband, width of the operational 
bands, dispersion of frequency characteristics) of the entire 
microwave devices. 

Two models of meander lines have been investigated. The 
change in the length or width of the connecting conductor of the 
meander has a significant impact on the operation of the 
meander line. The increase in the width of the connecting 
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conductor of the meander causes the decrease in the bandwidth. 
The increase in the length of the connecting conductor of the 
meander moves the stopband to higher frequencies. The usage 
of the meander conductor with triangle shape almost did not 
affect the bandwidth, but allowed decreasing the dispersion of 
input impedance. 
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